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The paradoxical role of tumor-infiltrating immune cells in lung
cancer
Xiaodan Zheng1, Yuhai Hu1, Chengfang Yao2,*
1
2

Clinical Laboratory, Wuhan Hankou Hospital, Wuhan, China;
Key Laboratory for Tumor Immunology and Traditional Chinese Medicine Immunology, Institute of Basic Medicine, Shandong
Academy of Medical Sciences, Ji'nan, China.

Summary

Lung cancer remains one of the leading causes of death worldwide, and lung cancers have
often already metastasized when diagnosed. Numerous studies have noted the infiltration of
immune cells in the lung cancer microenvironment, but these cells play a dualistic role, i.e.
they suppress and/or promote tumor development and growth based on tumor progression
and different cytokines in the microenvironment. These tumor-infiltrating immune cells
create different microenvironments depending on their type and interaction. Chemokines act
as a bridge in this process by recruiting immune cells to the tumor site and they regulate the
phenotypes and functions of those cells. The current review summarizes current knowledge
about the tumor-infiltrating immune cells in lung cancer as well as the mechanisms involved
in suppression and promotion of tumor development and growth.
Keywords: Lung cancer, tumor microenvironment, infiltrating immune cells, chemokine

1. Introduction
Lung carcinoma is a major cause of death throughout
the world; more than 1.82 million people are diagnosed
with lung carcinoma annually (13% of all cancers) and
lung carcinoma causes 1.59 million deaths (19.4% of
all cancers) (1,2). By the time the tumor is diagnosed,
it has often already metastasized (3). Despite advances,
treatments such as surgery, radiotherapy, chemotherapy,
and multimodal therapies can rarely control metastatic
disease and they are seldom curative. Patients with lung
cancer have a limited long-term survival (4) because
treated lung tumors will ultimately relapse since a
number of tumor clones or "cancer-initiating cells" have
escaped the initial treatment. These escaped cells will
be more resistant to therapeutic modalities. Therefore,
an adjuvant therapy that could effectively destroy these
remaining tumor cells would have a substantial impact
on tumor treatment.

Immunotherapy has a demonstrable efficacy in
patients with cancer (5). These cells or cytokines can
infiltrate the tumor site by activating the host immune
cells, thus inducing a specific antitumor immune
response. Therefore, the effect of the treatment depends,
to a great extent, on the tumor microenvironment.
Tumor-infiltrating immune cells play critical roles in the
tumor microenvironment by promoting or suppressing
tumor development and progression depending on their
type and functional interactions (6).
There is an obvious infiltration of different types
of immune cells in lung cancer. These immune cells
typically include natural killer (NK) cells, T lymphocytes,
macrophages, dendritic cells (DC), myeloid-derived
suppressor cells (MDSCs), and B cells (7). These cells
serve different functions and combine or cancel out
each other, thus creating the microenvironment for lung
cancer. Cancer progression and survival are significantly
associated with these cell types and functions and their
localization in tissue.

Released online in J-STAGE as advance publication November
15, 2017.

2. Diagnostic subtypes of lung cancer

*Address correspondence to:
Dr. Chengfang Yao, Institute of Basic Medicine, Shandong
Academy of Medical Sciences, No. 18877 Jingshi Road, Ji'nan
250062, Shandong, China.
E-mail: xyz27315@sina.com

Lung carcinoma is a solid tumor with low antigenicity
and a heterogenic phenotype that evades the host's
immune defense. Lung cancers usually arise from
basal epithelial cells and have two main histological
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types: non-small-cell lung cancer (NSCLC) and
small-cell lung cancer (SCLC). NSCLC accounts for
approximately 85% of lung cancer cases. Since their
cells differ in appearance, NSCLCs are classified
into 3 major groups (squamous, adenocarcinomas,
and large cell cancers) depending on the origin of
their cells and their pathological characteristics.
Adenocarcinoma is the most frequent type, accounting
for 40% of all NSCLCs while squamous cancer
accounts for 30% of NSCLCs. The remaining
NSCLCs (5-10%) are large cell carcinoma. The other
type of lung cancer, SCLCs, consists of smaller than
normal undifferentiated cells (1).
3. The role of T-lymphocytes in lung cancer
In a variety of human solid tumors, tumor-infiltrating
T-lymphocytes (TILs) are considered to play important
roles in immunosurveillance in a tumor-bearing host.
CD4+ and CD8+ T cells are the two main subsets of
T-lymphocytes and have different effects on tumor
immunity within the tumor microenvironment (8).

Figure 1. Interaction among CD4+ T-cell subsets. When
stimulated with different cytokines, naive CD4+ T cells become
polarized toward four different cell subsets: Th1, Th2, Th17,
and Treg cells. Each of these CD4+ T-cell subsets serves a
different biological role in antitumor immunity by secreting
identical cytokines. Th1 and Th2 cells play an important role
in the tumor microenvironment and Th17 and Treg cells play
an important role in immune homeostasis. The grey arrows
indicate the effector functions of the various CD4 + T cell
subsets.

3.1. CD8+ T lymphocytes

3.2. CD4+ helper T cells

Most CD8 + T cells are cytotoxic T lymphocytes.
Cytotoxic T cells are a major subset of T cells that
constructively mediates an effective antitumor response:
these cells can recognize particular tumor-associated
antigens (TAA) presenting on major histocompatibility
complex (MHC) class I molecules on the surface of
cancer cells and they have the ability to kill cancer
cells directly (9). Tumor-infiltrating CD8+ T cells can
be classified into two groups by their location: CD8+ T
cells within cancer stroma adjacent to cancer cell nests,
or CD8+ T cells within the cancer cell nests themselves
(9). Naito and colleagues (10) found that the presence of
large numbers of CD8+ T cells in cancer cell nests was
a favorable independent prognostic factor in colorectal
carcinomas. A similar result was noted in breast cancer
(11). Moreover, studies have indicated the prognostic
significance of infiltrating CD8+ T cells in breast cancer
(12), melanoma (13), anal squamous cell carcinoma
(14), and oropharyngeal squamous carcinoma (15).
However, the role of TILs in the survival of patients
with an NSCLC is still debated. Wakabayashi and
colleagues (16) contended that CD4 + T cells in the
cancer stroma, and not CD8+ T cells in cancer cell nests,
are associated with a favorable prognosis in human
NSCLC. Another study indicated that neither CD8+ T
cells within cancer cell nests nor those in the cancer
stroma had a significant impact on patient survival
(9). That study found that infiltrating CD8+ T cells and
CD4+ T cells in NSCLC may cooperate to suppress
cancer progression and their presence together appears
to be an independent favorable prognostic factor for
this disease.

Various studies have indicated that CD4 + helper T
cells are present in the lungs of patients with NSCLC,
but their role in antitumor activity is dualistic: some
CD4+ T cells seemingly hinder the function of CD8+ T
cells and therefore indirectly promote tumor growth,
whereas others might help with the activation of CD8+
T cells (17), which are key to removing cancerous
tissue or cells. CD4+ helper T cells can be functionally
classified into Th1, Th2, Th17, and regulatory T cells
(Tregs) based on the secretion of cytokines, and each
cell subset has its own unique function (18). As shown
in Figure 1, these CD4+ T cell subsets play different
biological functions in antitumor immunity and tumor
immune evasion. Th1 and Th2 play an important role in
the tumor microenvironment and Th17 and Tregs play
an important role in immune homeostasis (19).
3.3. Th1/Th2/Th17/Treg paradigm
When stimulated with different cytokines, different
transcription factors select precursor T cells in response
to various cytokines or other mediators and differentiate
into different subtypes of CD4 + T cells. Th1 cells
differentiate when stimulated with interleukin (IL)-12
and interferon-gamma (IFN-γ) through the transcription
factor T-bet. Activated Th1 cells release other cytokines
like IL-2, IFN-γ, and tumor necrosis factor alpha
(TNF-α), which can activate some effector cells such as
macrophages, NK cells, and cytotoxic T-lymphocytes
(CTLs). These effector cells effectively eliminate tumor
cells. The GATA3 transcription factor becomes active
and Th2 cells become polarized towards this phenotype
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in response to IL-4 and IL-6. Activated Th2 cells, which
produce IL-4, IL-5, IL-6, IL-10, and IL-13, are key to
allergic responses and protection against infection by
helminthic parasites (20,21). It is widely believed that
cytokines that are secreted by Th1 cells can facilitate
CTLs generation, whereas a Th2 cytokine profile
might favor antibody response and be detrimental to
the induction of CTLs (22,23). A study (24) examined
the expression of Th1 and Th2 cells in lung cancer and
found that the proportion of Th2 cells was significantly
lower than that of Th1 cells, indicating that Th1 cells
are dominant tumor infiltrators.
Th17 cells become activated through the
transcription factor retinoid-related orphan receptor
gamma t (RORγT) when stimulated with transforming
growth factor β (TGF-β), IL-6, IL-23, IL-1β (in
humans), and prostaglandin E (PGE) (25,26). Th17
cells have been found to play a contradictory role
in tumorigenesis. Numerous studies have identified
the tumor-promoting effects of Th17 cells. However,
IL-17A + IFN-γ + Th17 cells have tumor-protective
characteristics in tumor immunity (27). The varying
functions of the Th17 subset in tumor immunity are
largely due to the cytokines they secrete, such as IL17A, IL-17F, IL-21, IL-22, IFN-γ, and granulocytemacrophage colony-stimulating factor (GM-CSF) (28).
In addition, the antitumor functions of Th17 cells are
related to effector lymphocytes, including Th1, Tc1,
and NK cells (29).
Treg cells are formed as a result of the transcription
factor forkhead box P3 (Foxp3), which is the dominant
transcription factor of Treg cells. Developmental
pathways of Th17 and Treg cells are closely related.
TGF-β alone induces expression of FoxP3 (30,31) and
RORγT (31) in TCR-stimulated naive CD4+ T cells.
Thus TGF-β is a critical factor for Th17 and Treg cells
and is essential for inducing both RORγT and Foxp3.
Despite the induction of these transcription factors,
TGF-β is unable to initiate Th17 differentiation in vitro
unless pro-inflammatory cytokines, such as IL-6 or IL21, are present. When these cytokines are present, the
TGF-β-induced Foxp3 expression is down-regulated
and RORγT expression is up-regulated (30,32). In the
absence of significant inflammation, TGF-β promotes
the differentiation of Treg cells, which maintain immune
tolerance. This is because of Foxp3-mediated inhibition
of the activity of RORγT, resulting in silencing of IL-17
and IL-23 expression (33).
Th17 and Treg cells have opposite roles in the
development of autoimmune and inflammatory diseases.
Th17 cells promote autoimmunity while Treg cells
seem to control it and therefore play an important
role in autoimmune pathogenesis by maintaining selftolerance and by controlling the growth and activation of
autoreactive CD4+ effector T cells (34). Tregs inhibit the
recruitment of CD8+ T lymphocytes in tumors and their
effector functions are critical to inhibiting lung tumor
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growth (35). Tregs inhibit the immune system partly by
utilizing membrane TGF-β and are thought to be key
to downregulating Th1, Th2, and Th17 cells, possibly
preventing autoimmunity (36). Thus, the abundance of
Tregs are within lung tumor tissue is not surprising (37).
Accordingly, the Th1/Th2/Th17/Treg paradigm is
essential for maintaining immune homeostasis based
on cytokine production, and the cytokine environment
they create determines the fate of the host's antitumor
immunity.
4. The role of MDSCs in lung cancer
4.1. Functional and molecular characterization of
MDSCs
MDSCs were first identified as immunosuppressive
CD11b+ Gr-1+ myeloid cells in cancer patients in the
1980s (38). MDSCs represent a heterogenic population
of immature myeloid cells that consists of myeloid
progenitors and precursors of macrophages, granulocytes,
and DCs they are characterized by a potent ability to
suppress various T cell functions (39).
In mice, MDSCs are cells that simultaneously
express the two markers CD11b and Gr-1 (38). Gr-1
includes the macrophage and neutrophil markers Ly6C
and Ly6G, while CD11b is characteristic of macrophages
(40). More recently, MDSCs have been subdivided into
different subtypes based on their expression of Ly6C and
Ly6G. CD11b+Ly6G+Ly6Clo cells with a granulocyticlike morphology and multilobed nuclei are called
granulocytic MDSCs, whereas CD11b+Ly6G−Ly6Chi
cells with a monocytic-like morphology are referred to
as monocytic MDSCs (41). In cancer patients, MDSCs
are defined as cells that express the common myeloid
marker CD33 but that lack expression of markers of
mature myeloid and lymphoid cells (42). MDSCs are
typically CD11b+CD33+CD34+CD14− cells that vary in
the expression of CD15, CD124, CD66, and MHC-II,
along with that of other markers (43).
4.2. Cellular and molecular mechanisms of MDSCmediated immune suppression
Lung cancer escapes the host's immune surveillance
by dysregulating inflammation. Tumors and their
surrounding stroma can produce growth factors,
cytokines, and chemokines that recruit, expand, and
activate MDSCs. Teixeira and colleagues (44) noted an
increased number of MDSCs infiltrating lung cancer
in mice. Another study confirmed the hypothesis
that activating immune cells through disruption of
MDSC-mediated immune suppression would promote
antitumor immunity in a murine model of lung cancer
(45). MDSCs can suppress immune responses to
newly displayed tumor antigens and promote tumor
progression; they may even contribute to the metastasis

www.irdrjournal.com

237

Intractable & Rare Diseases Research. 2017; 6(4):234-241.

of the tumor. There are several mechanisms by which
MDSCs suppress antitumor responses. MDSCs restrain
T cell functions in tumor tissues and draining lymph
nodes by using two enzymes involved in L-arginine
metabolism: arginase-1(ARG-1), which depletes the
milieu of L-arginine, and induced nitric oxide synthase
2 (iNOS2), which generates nitric oxide (NO) (46,47).
Reactive oxygen species (ROS) are physiologically
produced by activated neutrophils and macrophages as
mediators of innate immunity. In chronic inflammation,
ROS can weaken T cell responses by affecting CD3-ζ
expression. H2O2 produced either by tumor-associated
macrophages or by neutrophils isolated from the
synovial fluid of patients with rheumatoid arthritis has
been found to substantially decrease T cell proliferation
in vitro (48,49). ROS can also affect the affinity of Agspecific TCR, which may explain the specificity of the
tolerance induced by Gr-1+CD11b+ MDSCs. In addition
to the effect of ARG-1 and ROS, MDSCs may affect
CD8+ T cells via the inhibitory molecules B7-H1 and
B7-H4 (50). In addition, MDSCs can enhance immune
suppression by directly inducing Tregs through the
production of IL-10 and TGF-β or ARG (51,52). Tregs
actively down-regulate the activation and expansion
of antitumor-reactive T cells (53) and NK cells (54).
Cysteine, another essential amino acid for T-cell
activation, is depleted by MDSCs (55).
5. The role of macrophages in lung cancer
Macrophages are among the most abundant normal cells
in the tumor microenvironment and play a central role
in tissue repair and remodeling during homeostasis and
stress response. They are the first line of defense against
pathogens. These cells originate from bone marrow
precursors and extravasate into normal tissues, where
they acquire distinct morphological and functional
properties directed by local tissue and the immunological
microenvironment (56).
Tumor-associated macrophages (TAMs) have
complex dual functions in their interaction with
neoplastic cells, and evidence suggests that they are part
of inflammatory circuits that promote tumor progression
(57). This is evidence that macrophages, rather than
being tumoricidal as suggested after their activation
in vitro (58), have a pro-tumoral phenotype in vivo
both at the primary site and at metastases (59). Indeed,
macrophages are polarized into a pro-tumoral phenotype
when lung cancer develops (60).
Macrophages are exceptionally diverse in their
functions, reflecting their different origins, differing
local environments, and different responses to challenges
(61). Given the function of macrophages in immunity,
two classes of macrophages have been proposed: i)
activated macrophages responding to IFN-γ, TNF-a,
and Toll-like receptor 4 (TLR4) activation are involved
in Th1-type responses since Th1 cells are capable of

killing pathogens via mechanisms just like iNOS, and
ii) alternatively activated macrophages that differentiate
in response to IL-4 and IL-13 are involved in Th2-type
responses, including humoral immunity and wound
healing (62). Mills and colleagues called these states M1
(activated) and M2 (alternatively activated). M1 activity
inhibits cell proliferation and causes tissue damage, while
M2 activity promotes cell proliferation and tissue repair
(63). These descriptions suggest that TAMs could either
suppress (M1) or promote (M2) tumor development
and progression (64). However, such definitions are
limited and may not be applicable to the complex tumor
microenvironment (65). In contrast to this dualistic M1/
M2 definition, TAMs include several distinct populations
that often share characteristics of both types but with
greater overall similarity to macrophages involved in
developmental processes (66,67).
6. The role of NK cells in lung cancer
NK cells can mediate several effector functions: i) direct
cytotoxicity, including exocytosis of cytotoxic granules
containing perforin and granzyme B, ii) up-regulation
of death receptor ligand expression and the engagement
of cognate death receptors on target cells, which can
lead to apoptosis of target cells, iii) NK cells produce
an array of immune-active cytokines, including IFN-γ,
TNF-α, and GM-CSF (68), which places them at the
crossroads of innate and adaptive immunity. They also
augment monoclonal antibody activity through antibodymediated cellular cytotoxicity and can be transfected
with chimeric antigen receptors (69), and iv) NK cells
can release other soluble mediators, such as PGE2,
that shape the responses of the immune system. A clear
correlation between NK cell activity in the lungs and
tumor cell clearance from the lungs has been reported
in both mouse and human studies (70). Manuela and
colleagues found that depletion of NK cells resulted in
an increase in the number of tumor nodes in lung cancer,
suggesting that NK cells are key to the control of the
growth of lung cancer. A study has found that the activity
of NK cells is key to the development or rejection of
MHC-I-deficient lymphomas (71) while another study
found that depletion of NK cells promoted the growth of
fibrosarcomas (72). In addition, a recent study found that
the development of lung cancer depends on the function
of NK cells. Kreisel and colleagues found that depletion
of NK cells promoted urethane-induced lung tumor
growth in a mouse strain that is normally not susceptible
to lung cancer (73).
7. The role of dendritic cells in lung cancer
Antigen-presenting cells can deliver TAA and prime
TAA-specific T cells. DCs are professional antigenpresenting cells and can express MHC-I and MHCII molecules and costimulatory molecules on their
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cell surface, all of which assist in T-cell activation
(74). There are several cell types capable of antigen
presentation in the lung, including resident DCs (75).
Evidence indicates that DCs play a significant
role in induction of antitumour immunity (76).
Immunotherapy with DCs co-cultured with cytokineinduced killer cells (DC-CIK) has been widely
studied and might be a new strategy for treatment
of NSCLC. Studies have indicated the efficacy and
the safety of DC-CIK immunotherapy (77). When
immature in peripheral tissue, DCs express different
chemokine receptors, such as CC chemokine receptor
1 (CCR1), CCR2, CCR4, CCR5, CCR6, CCR8, and
CXC chemokine receptor 4 (CXCR4) (76). When
they encounter exogenous and endogenous antigens
including tumor cell-derived antigens around a tumor,
DCs can capture those antigens and they can mature
in response to inflammatory stimuli such as toll-like
receptor-mediated signals. Mature DCs start to express
chemokine receptors such as CCR7 and CXCR4.
Guided by chemokines, DCs enter the T-cell areas of
regional lymph nodes (78).
8. The important role of chemokines in lung carcinoma
When considering the role of tumor-infiltrating immune
cells in the lung cancer microenvironment, one cannot
ignore the importance of chemokines, which recruit
immune cells to the tumor and also regulate their
phenotypes and functions. Relatively recent studies have
revealed that chemokines regulate the movement of a
wide variety of immune cells including lymphocytes, NK
cells, and DCs in both physiological and pathological
conditions (79). These features mean that chemokines
play crucial roles in immune responses. Chemokines
function biologically by linking to their corresponding
receptors, which are 7-transmembrane G protein-coupled
receptors (GPCR) (80). Chemokines are structurally
divided into 4 subgroups: CXC, CC, CX3C, and C (81).
TAMs are derived mostly from circulating
monocytes that are attracted to tumor sites by locally
produced chemotactic factors, such as CCL2, CCL5,
CCL7, CCL8, and CXCL12, and macrophage colony
stimulating factor (M-CSF). CCL2 is presumed to play
an important role in TAM recruitment (82). MDSCs can
be recruited by CCL2 in several types of mouse cancers,
such as Lewis lung cancer, meth A sarcoma, melanoma,
and lymphoma (83). MDSCs express CXCR2 and are
detected in abundance in NSCLC (84). CXCR2 ligands,
including CXCL1, CXCL2, and CXCL5, are abundant
in lung cancer tissue and tumorigenesis can be markedly
inhibited by a deficiency in CXCR2 as a result of
inhibiting infiltration of MDSCs (Figure 2). NK cells
migrate to lymph nodes mainly by utilizing CXCR3,
while their migration to inflamed tissues, including
tumor sites, involves CCR1, CCR2, CCR5, CXCR3,
and CX3CR1 (85). Thus, the ligands for these receptors
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Figure 2. Effects of chemokines on TAMs and MDSCs.
TAMs are derived mostly from circulating monocytes which
are attracted to tumor sites by locally produced chemotactic
factors including CCL2, CCL5, CCL7, CCL8, and CXCL12.
MDSCs express CXCR2 and can be recruited to a tumor site by
CXCR2 ligands like CXCL1, CXCL2, and CXCL5. MDSCs
can also be recruited by CCL2, CCL5, CCL7, CCL7, CCL8,
and CXCL12 in lung cancer.

can regulate the migration of NK cells and may enhance
their functions. Treg cells express CCR4, and its ligand,
CCL22, regulates intratumoral infiltration of Tregs in
various tumors (86).
Lung stroma cells can produce abundant chemokines,
such as CXCL1, CXCL2, CXCL5, CXCL9, CXCL10,
and CXCL11. CXCL10 is an important chemokine
responsible for the recruitment and localization of
inflammatory cells to sites of tissue damage or infection.
It is bound by CXCR3, a receptor shared with CXCL4.
CXCL9 and CXCL11, which are expressed on CD4+ T
cells, CD8+ T cells, NK cells, B cells, and DCs (87,88),
are responsible for their recruitment and localization to
the lungs.
9. Conclusion
Studies have indicated the importance of tumorinfiltrating immune cells in tumor development and
control and studies have sought to characterize the
infiltration of a tumor by those immune cells, providing
insight into the effects of tumor-infiltrating immune
cells on tumor behavior. Different tumors have different
immune profiles, and the current review has focused
on lung cancer. There is an obvious infiltration of
different types of immune cells, including NK cells, T
lymphocytes, macrophages, DCs, MDSCs, and B cells, in
lung cancer. A distinctive lung cancer microenvironment
is created by immune cells with various functions and
interactions, and this microenvironment can ultimately
affect tumor progression and survival. In this process,
chemokines act as a bridge since they can recruit
immune cells to a tumor and they can also regulate the
phenotypes and functions of those cells. Although the
role of lung cancer-infiltrated immune cells has been
reviewed here, the paradoxical role of tumor-infiltrating
cells in lung carcinoma still needs to be studied further.
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Summary

Fibrodysplasia ossificans progressive (FOP) is an extremely rare autosomal dominant
disorder characterized by congenital malformations of the great toes and progressive
heterotopic ossification that can induce a disabling second skeleton. Spontaneously occurring
flare-ups can cause inflammatory soft tissue to swell, followed by progressive and disabling
heterotopic endochondral ossification. FOP is very rare, with an estimated incidence of one
case per two million individuals. There is no definitive treatment for FOP, but the longevity
of patients with FOP can be extended by early diagnosis and appropriate prevention of flaresup. Some promising treatment strategies and targets have recently been reported. The current
review describes the classical phenotype and genotype of FOP, useful methods of diagnosing
the condition, therapeutic approaches and commonly used drugs, and experimental models
used to study this disease.
Keywords: Fibrodysplasia ossificans progressive, phenotype and genotype, disease modeling,
induced pluripotent stem cells

1. Introduction
Fibrodysplasia ossificans progressive (FOP), also
known as myositis ossificans (1), is a rare autosomal
dominant disorder with an incidence of one in two
million births with no sexual, racial, or regional
predisposition (2). Most patients are scattered around
the world except in instances of familial inheritance (3).
The earliest reports of FOP by Patin (1692) and Freke
(1739) describe its symptoms (4). Later, Stonham,
Burton-Fanning, and other physicians reported patients
of different genders, ages, and even entire families with
FOP and their phenotypes (5).
Abnormal ossification of the joints and soft tissues
such as skeletal muscles, tendons, and ligaments (without
myocardium and smooth muscle) and congenital
hallux valgus are two typical symptoms of FOP (6).

*Address correspondence to:
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of Shandong Province, Key Laboratory for Biotech Drugs of
the Ministry of Health, Shandong Medical Biotechnological
Center, Shandong Academy of Medical Sciences, Ji'nan,
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Heterotopic ossification (HO) is often associated with
disability, such as skeletal deformities (trunk, limb, and
facial deformity), chronic pain, growth defects, and
stiffness. FOP seriously affects the quality of life and the
mental health of patients. The average life expectancy
of patients with FOP is no more than 40 years (7). The
specific pathogenesis of FOP is not yet clear, and the
early phenotype of the disease is easily confused with
other diseases, including tumors, fibromas, and bursitis,
resulting in its misdiagnosis (8). Moreover, there is no
effective treatment for the disease (9).
Here, epidemiological studies on FOP and some
common mutations are summarized. Clinically treating
the condition is difficult, but diagnosis and treatment
of the conditions are making progress. Moreover,
experimental models are being used to identify the
mechanism of onset of FOP. Greater understanding of
the prevalence and symptoms of FOP would facilitate a
definitive diagnosis and identify effective precautionary
measures. Every step would help to prolong the life-span
and improve the quality of life for patients.
2. Prevalence of FOP
FOP is an extremely rare, autosomal dominant disease
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with a prevalence of 1/2,000,000 (2). Ninety-five
percent of patients manifest HO before the age of 15,
and the latest report of the oldest patient with HO
involves a patient who was 56 years of age (10,11).
According to the CEMARA and PMSI databases, the
average age of patients with FOP was 25.5 years, the
average age of onset was 7.1 years, and the average age
at diagnosis was 10.2 years (11).
Statistics for Europe indicate that 30 cases have been
confirmed in the UK among about 49 million residents,
with a prevalence of 0.61 per million. Spain is estimated
to have an incidence of 0.36 per million (12), and French
data indicate a prevalence of 1.36 per million. These
figures are roughly similar to the international prevalence
of the condition (11).
At present, most patients reported are in the United
States, accounting for about 25.6% of all registered
patients. This is followed by China, which accounts for
about 10.8% of registered patients. Patients with FOP in
Brazil account for about 8.4%. Compared to European
and American patients, Asian patients are younger (3).
Despite the extremely low incidence of FOP, there are
still a large number of patients with FOP in China due to
its huge population. Although definite figures for China
are still unclear, the prevalence of FOP can be used to
estimate the number of patients. Based on the incidence
of FOP, there are at least 650 patients with FOP in China
(7). For various reasons such as the level of medical
research into the condition, however, only about 70 cases
are reported, accounting for no more than 12% of all
such patients in China. Understanding of the symptoms
and mutations of FOP needs to be increased and the
condition needs to be better diagnosed.
3. Mutations and diagnosis
The types of mutations of FOP in China are the same

as those in other countries and regions (7). According
to that study, 92% patients have the "classic" clinical
presentation of FOP with a mutation of the ACVR1/
ALK2 gene (R260H,c.617G>A), while the remaining
8% have atypical symptoms with mutations at other
sites of ACVR1/ALK2 or other bases of R260H.
So far, 13 missense mutations and a 3-base deletion
mutation have been found in FOP, and the detailed
types and phenotypes of common mutations are shown
in Table 1 (2,7,10,13,14).
The "classic" clinical presentation of FOP with a
mutation of the ACVR1/ALK2 gene (R260H, c.617G>A)
induces structural changes in the GS domain. Eighty
percent of patients with this mutation may have a
congenital big toe (hallux valgus deformity), and some
may exhibit soft tissue swelling leading to the formation
of abnormal bone in the first decade of life (15). More
than 90% of "classic" patients have a tumor in the tibia
and more than 80% have a vertebral deformity (16).
However, 1.5% of patients with this mutation also have
a thumb deformity just like those with G356D (G328
R/W/E) mutations, and some patients with R260H
will have cataracts, delayed growth, or other atypical
symptoms (14).
In the early stages, 80% of patients with FOP often
only have an obvious phenotype-malformations of
the great toes - but trauma and infection may lead to
abnormal bone formation from soft tissue swelling
(8). Trauma, surgery, intramuscular injections, and
immune injections cause swelling of soft tissue, and the
occurrence of flare-ups is believed to signal the onset
of HO (17). Inflammation of soft tissue can gradually
infect skeletal muscles, tendons, ligaments, fascia,
and aponeuroses, causing abnormal bone formation in
these areas, and abnormal bone formation ultimately
affects the patient's ability to move as well as the
patient's lifespan. Though bone formation is episodic,

Table 1. Common mutations of FOP
Codon

Nucleotide

Domain

Features

R206H

605G>T
617G>A

GS

i) Characteristic malformations of great toe, ii) HO, iii) Tibialosteochondromas, iv) Spine
malformations, v)Broad femoral necks

Q207E

c.619C>G

GS

i) Characteristic malformations of great toe, ii)HO, iii) Tibialosteochondromas, iv) Spine
malformations, v) Broad femoral necks

R202I

605G>T

GS

i) HO, ii)One short great toe

G325A

974G>C

PK

i) Characteristic malformations of great toe, ii) Late-onset HO

G328W
G328E
G328R

c.982G>A
c.982G>T
c.983G>A

PK

i) HO, ii) Short broad femoral necks, iii) Thumb malformations

G356D

1067G>A

PK

i) HO, ii) Spine malformations, iii) Medial tibialosteochondromas

R258S
R258G

774G>C
774G>T

PK

i) HO, ii) Cognitive impairment, iii) Diffuse scalp hair thinning

R375P

c.1124G>C

PK

i) HO, ii) Normal or minimal changes in great toes

FOP, fibrodysplasia ossificans progressiva; GS, glycine-serine-rich domain; HO, heterotopic ossification; PK, protein kinase domain.
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disability is cumulative (17). Loss of mobility or even
chewing ability can be caused by severe osteogenesis
abnormalities, so most patients have to rely on
wheelchairs to move around by the third decade of life
(18). Death due to FOP is caused by the complications
of thoracic insufficiency syndrome. Deformities of
the joints, limbs, and face also place the patient under
enormous psychological strain.
Since there is no effective treatment for FOP,
diagnosis of the disease needs to be improved and
prevention action needs to be taken to delay its
progression. Early diagnosis has become the key to
extending the life of patients with FOP. However, 90%
of patients with FOP are misdiagnosed in the early stages
of the disease. Since there are no diagnostic indicators
of FOP, doctors and patients lack understanding of FOP
and the early symptoms are not taken seriously, causing
a delay in treatment. In specific terms, about 90% of
patients with FOP worldwide have been misdiagnosed,
and 67% of patients have received incorrect or
unnecessary treatment. Treatment or diagnostic
techniques such as removing excess bone and a biopsy
can cause iatrogenic injury that accelerate HO (13).
Improper treatment has caused irreparable damage or
permanent disability to more than 50% of patients (17).
Differentiating FOP from tumors, fibromas, and bursitis
is essential to diagnosis. A typical mutation of R206H,
which accounts for the highest proportion of patients
overall, causes flare-ups in the first decades of life (16).
Therefore, pediatricians and parents must be alert to
congenital deformities of the great toes and soft tissue
swelling in children consider the likelihood of FOP (19).
Before HO develops, routine physical examinations,
including a radiographic skeletal survey, will not
provide sufficient evidence to definitively diagnose
FOP. The most authoritative indicator is the detection of
the ACVR1/ALK2 gene. Kaplan et al. obtained genomic
DNA from 7 children suspected of having FOP after
venipuncture (19). A genetic analysis confirmed that
the 7 patients had an ACVR1/ALK2 (R206H, c.617G>A)
mutation. Single gene detection allows rapid and
accurate diagnosis of patients with FOP before the
onset of HO. Without a clear goal or obvious disease
phenotype, whole genome sequencing or whole-exome
sequencing (WES) is an effective means of reducing
the trauma caused by a biopsy, improving the accuracy
of diagnosis, avoiding a tedious physical examination,
and it also equally helps to identify other rare diseases
like FOP (20,21).
After HO develops, progressive extra-skeletal
ossifications become typical deformities of FOP. In
addition to clinical manifestations, imaging analysis
(CT and MRI) is an important method of diagnosis. CT
clearly reveals typical HO (8). MRI is also an important
tool for diagnosis of FOP because it can reveal preosseous lesions, usually appearing as soft tissue swelling,
and skeletal malformations. After HO occurs, plain
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X-rays can reveal abnormal osteogenesis. FOP cannot be
diagnosed prenatally (22).
Although there is no effective treatment for FOP,
prompt diagnosis can allow disease progression to
be delayed, because patient can avoid intramuscular
injections, tooth modifications which can cause wound
(23,24,25). Prevention of trauma and infection is crucial
before flare-ups occur (26). Patients should not enter
dangerous areas or participate in strenuous activities.
Living arrangements need to be improved and protective
devices such as helmets need to be worn. Special
attention should be paid to avoiding surgical procedures
because trauma resulting from surgery can cause massive
HO (11).
4. Existing and potential treatments
Patients with FOP are generally normal except for
congenital great toe deformities in infancy. Fifty percent
of flare-ups are caused by trauma, viral infection,
intramuscular injections, muscle strain, and excessive
fatigue in the first decade, resulting in swelling of the
soft tissue and abnormal ossification of the muscles
and ligaments (20,25). There is no effective treatment
for FOP, but some drugs can be used to relieve initial
symptoms.
When flare-ups begin, a brief 4-day course of
high-dose corticosteroids such as prednisone can be
used to relieve inflammation and tissue edema, but
corticosteroids only can be used to relieve inflammation
in areas such as the mandibular joint (27). The frequent
use of corticosteroids to treat swelling in the trunk
and neck is not recommended due to the difficulty in
assessing the onset of flare-ups (8).
When corticosteroids are discontinued, mast cell
inhibitors, aminobisphosphonates, non-steroidal antiinflammatory drugs, and COX-2 inhibitors could be
used to treat later flare-ups. A small dose of a muscle
relaxant may help to relieve muscle spasms (27,28).
Non-steroidal anti-inflammatory drugs inhibit the
synthesis of prostaglandin, which induces resistant HO
in animal models. Clinically, steroids, non-steroids,
and anti-inflammatory drugs can mitigate inflammation
and pain, but they cannot reduce the frequency of HO.
Aminobisphosphonates affect the function and survival
of osteoclasts, thus influencing bone formation, but
the efficacy and safety of these drugs have not been
established (29).
At present, effective drugs are a key area of study.
The ACVR1/ALK2 mutation causes partial deletion
of the ACVR1/ALK2 inhibitory protein FKBP12, so
ACVR1/ALK2 remains weakly activated in the absence
of stimulation by BMP signals, causing HO (30).
Therefore, one potential strategy would be to inhibit
the activity of pathways related to the ACVR1/ALK2
gene to inhibit abnormal bone formation (31). As an
example, LDN-193189, optimized by dorsomorphin,
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is a ALK2 protein inhibitor that repairs and maintains
abnormal FOP-iPSc cells in vitro, and there is evidence
of the therapeutic value of this drug in treating FOP (32).
The other strategy would be to inhibit inflammation or
to inhibit of osteoblastic progenitor cell activity (the
RAR gamma agonist palovarotene) (33). Hindering the
microenvironment for HO is a possible strategy. As an
example, imatinib has a positive effect on multiple FOP
related targets, and a clinical trial has demonstrated that it
inhibits ACVR1/ALK2 signaling, inflammatory triggers,
pre-osseous fibro proliferative cells, and stimulatory mast
cells. Kaplan et al. proved that imatinib significantly
reduced the incidence of flare-ups (9).
New drug targets have been discovered with the
increasing understanding of the pathogenesis of FOP.
Many drugs, such as imatinib, are in clinical trials, and
appropriate drugs may be available in the near future
because of better understanding of the mechanism of
onset of FOP.
5. Cells models of FOP
Studies on FOP are mainly focused on the specific
mechanism of onset of HO and drug screening
(8,12,34). The nature of FOP is particularly problematic
because of the difficulty in acquiring living tissue to
study the mechanisms of the disease. Minor trauma
or an infection may cause tissue swelling followed by
development of HO in the ligaments and connective
tissue (15). At present, the main models used to study
the pathogenesis of FOP are mouse cells, knockout
mice, and induced pluripotent stem cells (25).
The cells most often used to model FOP are mouse
cells (35). When studying the abnormal expression
mechanism of pathogenic ACVR1/ALK2, different
researchers have chosen different cell models, and
their results differ. Vectors containing mutated ACVR1/
ALK2 have been transfected into cells such as U-2OS
(36), MC3T3-E1 (37), and C2C12 (38), but levels
of Smad1/5/8 expression differed. In addition to the
transfection process (expression and transfection
efficiency), the cell type may account for differences
in expression (39,40). Patients FOP have endochondral
ossification, so many studies have focused on cells
related to chondrocytes. The differentiation of mouse
embryonic fibroblasts into chondrocytes demonstrates

that ACVR1/ALK2 is a key factor in chondrogenesis.
Embryonic fibroblasts, the origin of mouse mesenchymal
cells, can be obtained from the head and limbs of mouse
embryos. A rat chondrocyte cell line (ATDC5) expressing
BMP-responsive luciferase has been used in high
throughput drug screening. The cells can differentiate
into mature chondrocytes when cultured in differentiation
medium, and drugs that down-regulate the ACVR1/ALK2
gene could be distinguished based on the intensity of the
fluorescence signal, providing a basic model for drug
screening and retesting of existing drugs (25).
ACVR1/ALK2 gene knockout mice are commonly
used (41). Most knockout mice have the FOP phenotype.
Murine cells and mice as models of FOP have indeed
made great progress, but mice and murine cells cannot
meet more detailed experimental needs. There are certain
interspecies differences between mice and humans. For
example, some knockout mice die during the perinatal
period, so more appropriate models are urgently needed
(42). Dermal fibroblasts obtained from patients with
FOP are more suitable. A 3-mm thick piece of skin is
removed from a patient with FOP and then macerated
and cultured. Mineralization is then induced to study the
role of TGF in osteogenic differentiation. Since trauma
can easy trigger flare-ups in patients with FOP, sampling
must be performed very carefully and skillfully to avoid
trauma or infection (43).
In 2006, Takahashiand Yamanaka induced somatic
cell reprogramming with a recombinant factor, thus
obtaining induced pluripotent stem cells (iPSc) (44). This
new technique has opened up new avenues and methods
of studying the biological characteristics of many
diseases (45). iPSc have several advantages. First, iPSc
have a potent capacity for self-renewal and grow rapidly.
In vitro experiments have been able to provide large
quantities of needed cells, avoiding the tedious process
of obtaining primary cells. Second, their potential for
differentiation enables iPSc to differentiate into specific
cells, providing cells at different stages of differentiation
(46). iPSc can be obtained from somatic cells without
causing ethical issues. With individual specificity,
iPSc can carry disease-related pathogenic genes and
an individual's specific genetic background (47).
The induction of iPSc in vitro rapidly and effectively
indicates the phenotype of disease in an individual
specific background. A variety of somatic cells can be

Table 2. Induced pluripotent stem cell models of FOP
Sample

Types

Somatic cell

Vector

Ref.

4 patients
2 patients
purchased
2 patients
5 patients
5 patients
4 patients

R206H and G356D
R206H
R206H
R206H
R206H
R260H
R206H

Skin fibroblasts
Urine Cell
Human dermal fibroblasts
Urine
Primary human dermal fibroblasts
Primary human dermal fibroblasts
Fibroblasts

Sendai virus
Episomal vectors
Episomal vectors
Sendai virus vector
Retroviruses and integration-free episomal plasmid
Retroviruses and integration-free episomal plasmid
Retrovirus or episomal plasmids

(32)
(48)
(49)
(50)
(51)
(40,52,53)
(54)

FOP, fibrodysplasia ossificans progressiva.
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reprogrammed into stem cells, including skin fibroblasts
(32) and kidney epithelial cells (48), and Sendai virus
and non-integration vector can be used as programming
tools (49).
iPSc have been obtained by somatically
reprogramming cells from patients with FOP. This
provides a new, more accurate and appropriate cell model
for the study of the pathogenesis of FOP. Hamasaki
et al. used incompletely reprogrammed FOP-iPSc as
an alternative tool to screen new drugs (32). Hino et
al. induced chondrogenic differentiation of MSC cells
from FOP-iPSc and concluded that BMP signals were
activated by actinA (50). Relevant studies are listed in
Table 2.
Surgery is not generally appropriate for patients with
FOP, so future studies should focus on drug screening
and noninvasive treatment. Intramuscular injections
remain a potential risk, so safer dosing schedules should
be considered. FOP-iPSc, a strong operational and
theoretical basis for elucidation of the pathogenesis of
FOP and drug screening, should be the main in vitro
model used in future experiments. Effective therapies
and drugs to treat FOP should be available in the near
future.
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Summary

Wilson's disease (WD) is an autosomal recessive disease caused by a mutation of the ATP7B
gene, resulting in abnormal copper metabolism. The major clinical features of WD include
liver disease, neurological disorders, K-F rings, and osteoporosis. The prevalence of WD in
China is higher than that in Western countries. Early diagnosis and lifelong treatment will
lead to better outcomes. Drugs such as sodium dimercaptosuccinate (Na-DMPS), Zn, and
Gandou Decoction can be used to treat WD. Some studies have shown that the combination
of traditional Chinese medicine and Western medicine is the best approach to treating WD.
In order to identify better treatments, this article describes the specific clinical symptoms of
Wilson's disease, its diagnosis, and treatment options.
Keywords: Wilson's disease, Kayser-Fleischer rings, D-PCA

1. Introduction
Wilson's disease (WD), also named hepatolenticular
degeneration, is an autosomal recessive disorder of
copper (Cu) metabolism caused by an ATP7B gene
mutation (1). WD was first identified by Wilson in 1912
(2). Cheng reported the first two cases of WD in China
(3). Research on WD began to surge after the 1950s,
and the number of reported cases had gradually caught
up to that in Western countries.
The gene that causes WD is located on chromosome
13q14-21 (4). This gene, ATP7B, encodes a P-type
ATPase that participates in ceruloplasmin synthesis and
excretion of copper. Pathogenic mutations in ATP7B
disrupt the normal structure or function of enzymes and
lead to copper deposition in multiple organs, leading to
different clinical manifestations. In the light of its various
manifestations, misdiagnosis is not uncommon (5). Many
researchers have focused on determining the relationship
between the genotype and phenotype of WD (6). From
2004 to 2015, Dong et al. identified 58 new mutations
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and determined the first Chinese ATP7B pathogenic
mutation spectrum (7). D-penicillamine (D-PCA) is
recommended for most patients with WD (8). However,
D-PCA is not suitable for patients with severe spasms,
deformities, or dysphonia and patients who are allergic to
D-PCA. Dimercaptosuccinic acid (DMSA) is first drug
used to treat WD in China (9). DMSA is recommended
as an alternative for patients with severe neurological
symptoms. In addition, monozygous therapy is suitable
for asymptomatic WD, as well as maintenance therapy
after the use of copper chelating agents (10). WD is a
genetic disorder that can be alleviated, so most patients
have a favorable prognosis. The prevalence of WD in
China is higher than that in Western countries, but there
are few clinical trials in China and treatment is often
based on the experience of experts and evidence from
other countries. Therefore, appropriate treatments need
to be studied and developed specifically for Chinese
patients with WD (5). This article describes the clinical
features of WD and treatment options.
2. Epidemiology
2.1. WD in Western countries
Sternlieb and Scheinberg first estimated the incidence of
WD to be 5/1,000,000 in 1968 (11). From 1949-1977,
Bachman et al. studied WD in Leipzig, Germany and
calculated that the prevalence of WD to be 29/1,000,000
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births (12). In 1981, Saito reported that the prevalence
of WD was 33/1,000,000 births (13). In 1991, Park et
al. attempted to determine the prevalence of WD in
Scotland by examining computerized hospital records,
survey results, and death certificates (14). They identified
21 patients with WD in a population 5,090,700, for
a prevalence of 4/1,000,000. In 1993, Reilly et al.
used a similar methodological approach to determine
the prevalence of WD in the Republic of Ireland, and
they identified 26 cases over a 19-year period (15).
Patients in 5 of those cases died before being formally
diagnosed. Between 1950 and 1969, the adjusted birth
rate of individuals with WD was 17/1,000,000, which
was equivalent to a gene frequency of 0.41% and the
incidence of heterozygotes was 0.82% (16). In order
to account for the highest level of kinship, the gene
frequency was modified to 0.36% and the incidence
of heterozygotes was modified to 0.72% to provide a
minimum disease estimate.
Sequencing of ATP7B in 1,000 control participants
in the UK allowed the frequency of an individual
carrying two mutant ATP7B alleles to be estimated at
1/7,026 (17). The most common mutation in Europe
and North America is p.H1069Q (1).
2.2. WD in Asia
The WHO estimates that the global prevalence of WD
is 1/10,000 to 1/30,000. The prevalence of WD is higher
in China than in the West (18). Since the first estimate
of WD in 1968, considerable progress has been made in
China. Cheng et al. conducted two consecutive surveys
in three counties of Anhui province (Jinzhai, Hanshan,
and Lixin counties) (19). A total of 153,370 individuals
were examined and 9 individuals with WD were
identified. Three of these individuals had neurological
symptoms, 1 had hepatic symptoms, 1 had both hepatic
and neurological symptoms, and the remaining 4
individuals had other symptoms. Of 8 individuals in
whom genetic mutations were detected, 7 had mutations
in the ATP7B gene. The other individual did not have an
ATP7B mutation but her copper biochemical test results
met the diagnostic criteria for WD. The incidence of WD
was 1.96/100,000 and the prevalence was 5.87/100,000.
In all of the identified cases, diagnosis was based on
clinical features, biochemical parameters, and the
presence of Kayser-Fleischer (K-F) rings. Given that
K-F rings may be absent, patients may be asymptomatic
but have other common biochemical abnormalities, the
technical limitations of screening levels, and differences
in expertise among physicians, the actual prevalence
of WD may be underestimated (5). According to a
haplotype analysis of 660 participants in Hong Kong, the
incidence of WD among Chinese was estimated to be
1/5,400 (20), which indicates that the average mortality
rate of Chinese patients with WD is higher than that in
the American or European population (5).
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In a survey of 500 healthy Korean participants,
the prevalence of WD was lower than 1/3,000 and the
frequency of carriers was 1/27 (21). The molecular
epidemiology of ATP7B in these populations has also
been confirmed by the fact that WD is more prevalent
in Asians than Caucasians (5). While the most common
mutation in Europe and North America is p.H1069Q,
the most common mutation in Asia is p.Arg778L (1).
3. Clinical features
3.1. Nerve damage
In 1932, Cheng described the clinical history of
two patients who are 24 years of age (3). The two
patients clinically presented with impaired motor
movements, involuntary movements (including
tremors), cone dystrophy, peristalsis, and "dancing"
movements (repetitive, complex, and well-coordinated
but involuntary movements). In the 1950s, Zhang
summarized recent studies on WD and concluded that
the major clinical manifestation of WD was neuropathy,
and especially damage to the extrapyramidal system
(22). Neurological manifestations include involuntary
movements, stiffness, tremors, and oropharyngeal
dysfunction such as expectoration and dysphonia (23).
As a patient with WD reaches the age of 20 or 30,
the patient's condition may deteriorate and trembling
may be evident. Muscle stiffness will develop during
movement, fine movement will deteriorate, and the
patient is then likely to exhibit "dancing" movements
(23). Speech difficulties and drooling are the most
common manifestations of WD (23), and they will
appear in the early stages. Other symptoms, including
dystonia, dysfunction, gait abnormalities, ataxia,
autonomic dysfunction, and memory deterioration (5) are
also common in Chinese patients with WD. Psychotic
symptoms are usually nonspecific, such as depression,
mania, personality changes, and mental retardation (23).
3.2. Neurological symptoms
A review of the medical records of patients with WD
at Shengjing Hospital from 1993-2001 indicated that
20.3% (27/133) had neurological symptoms at diagnosis
and 69.9% (93/133) had hepatic symptoms at diagnosis
(24). Hepatic symptoms are mainly liver dysfunction,
including acute or chronic hepatitis, cirrhosis, hepatic
encephalopathy, and fulminant hepatitis. However,
patients without neurological manifestations are likely to
be misdiagnosed. According to one figure, only 33.1%
(44/133) of patients were correctly diagnosed when
initially seen (5).
3.3. K-F rings
K-F rings are a common ophthalmological sign and
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the easiest way to identify WD. The transparent
tissue of the eye provides a unique opportunity to
observe the deposition of copper in tissue (23). A red
or green ring forms around the corneal limbus, and
copper deposition is greater in the upper portion and
lower in the lower portion. Copper is deposited on the
surface of Descemet's membrane and the surface of
endothelial cells (25). At least 50% of patients have
this symptom and it is always present when the central
nervous system is fatigued (23). In a non-randomized
case series, K-F rings were found in 23.1% (12/52) of
patients with liver disease and a neurological disorder
was found in 100% (11/11) (26). If patients have overt
neurological symptoms, the absence of K-F rings cannot
be used to rule out WD (5). Bile excretion is the main
way that the body reduces the copper concentration
and K-F rings are caused by the deposition of copper,
so those rings are also found in patients with chronic
cholestasis (27). Li et al. found that patients with K-F
rings developed symptoms at maturity and that if the
first doctor is poorly informed about WD, then WD
may not be identified, possibly delaying diagnosis (2).
In addition, patients with K-F rings had higher levels
of 24 h urinary copper and lower levels of alanine
aminotransferase (ALT) (28).
3.4. Osseous findings
Patients with WD have a lower bone mineral density
and are prone to osteoporosis and fractures (29).
Osteoarthritis is one of the manifestations of WD.
Osseous findings include osteoporosis (the most
common), facet joint inflammation, osteomalacia,
juvenile osteoarthritis, spinal osteochondritis, fractures,
and heterotopic ossification. Patients with hypercalciuria
had a statistically significant lower bone mineral content
(BMC) and bone mineral density (BMD) than those
without hypercalciuria (30-33).
4. Diagnosis
4.1. Molecular diagnosis
The methods of identifying WD include molecular
diagnosis (laboratory diagnosis), diagnostic imaging (2),
and genetic analysis. Molecular diagnosis has increased
in use. The clinical manifestations of WD include liver
disease, brain and nervous system damage, osteoporosis,
and K-F rings (34). Liver damage may not be identified.
Routine liver function tests are not diagnostic. Tremors
can be a clue to the diagnosis of WD affecting the
nervous system (35). Patients with neurological or
psychiatric symptoms tend to be more often identified
as having WD. The presence of K-F rings at the edge of
the cornea is also diagnostic (23). The study of copper
metabolism is most important. The loss of more than 200
ug of copper within 24 hours is very serious. The loss of

large amounts of proteins can occur in WD and chronic
liver diseases characterized by biliary obstruction and
biliary cirrhosis, but primary liver disease differs from
WD. In WD, the concentration of copper in plasma
increases proportional to that in urine (35). In 1954,
Earl found that copper ion concentration can be detected
in urine. In 1996, Ravlin found that a low level or
undetectable plasma ceruloplasmin could be a rough
indicator of WD. A high level of urinary copper excretion
in the absence of proteinuria and in association with a
low or low-normal plasma copper level will also confirm
the diagnosis. The level of plasma ceruloplasmin that can
be determined by laboratory screening is the first step in
diagnosing WD, followed by the level of copper ions (35).
4.2. Imaging studies
Nuclear magnetic resonance imaging (MRI) of the
brains of patients with WD revealed abnormalities, and
the basal ganglia were the areas most often affected
(36). The main signs of WD are hypointensity on T1weighted images and hyperintensity on T2-weighted
images in the caudate nucleus, thalamus, midbrain,
pons, and cerebellum, although in some rare cases
there is hyperintensity on T1-weighted images and
hypointensity on T2-weighted images (5). Concurrent
signal changes are more common in the basal ganglia,
thalamus, and brainstem (2). Patients with WD have
varying degrees of atrophy of the frontal cortex,
enlargement of the ventricles, and hydrocephalus. The
brain abnormalities identified on MRI can subside after
successful treatment (2), so MRI is a useful way to
monitor the effectiveness of treatment (5).
4.3. Genetic analysis
Genetic analysis has also become routine. WD is caused
by mutations in the ATP7B gene. At present, direct
sequence analysis is the most accurate way to identify
ATP7B mutations. The most common mutations are
point mutations, but other types of mutations have also
been identified, such as small deletions or insertions,
total deletions, and splice site mutations. Previous
studies have indicated that WD in China seems to
have been caused by a number of relatively common
mutations and a number of rare mutations (37). New
ATP7B mutations have been reported very frequently.
Li et al. identified 62 cases of WD, 14 of which
involved new mutations (15). Dong et al. concluded a
long-term study of 632 samples of ATP7B variants from
patients with WD in China between 2004 and 2005, and
they detected 173 variants, 58 of which were new types
of ATP7B (5). Common mutations include p.R778L
with a frequency of 1.7%, p.P992L with a frequency of
2.6%, p.T935M with a frequency of 1.6%, and p.A874V
with a frequency of 3.8% (23). The three most prevalent
alleles were p.R778L, p.P992L, and p.T935M. A study
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Table1. The treatment of WD in Chinese medicine and Western medicine
Items

Medication

Advantages and disadvantages

Suitable patients

Western
medicine

D-PCA

Orally administered;
Promotes copper excretion;
Causes serious adverse reactions.

Not suitable for the treatment of patients with liver disease, (39-40)
patients with severe neurological disorders, patients with
advanced WD, and patients with an allergy to D-PCA.

DMSA

Orally administered;
Promotes copper excretion.

Suitable for mild and moderate neurological symptoms and (41-43)
psychiatric symptoms and PCA intolerance.

Na-DMPS

Injected;
Low toxicity.

Suitable for mild and moderate neurological symptoms and (42)
psychiatric symptoms and D-PCA intolerance.

TETA

Easily absorbed;
Causes mild adverse reactions.

Patients who cannot tolerate D- PCA.

Tetrathiomolybdate
(TM)

Promotes copper excretion;
Causes mild adverse reactions.
Not suitable for long-term use.

Suitable for neurological symptoms, not suitable for long- (44-46)
term treatment.

Zn

Promotes copper excretion.

Treatment of asymptomatic disease and maintenance therapy (41)
after the use of copper chelating agents.

Gandou Decoction
Shugan; Lidan Paidu
Decoction

Adjuvant therapy; Not as effective Mild and moderate patients.
as D-PCA and Na-DMPS; Causes
mild adverse reactions; Can be
used concomitantly with Western
medicine.

Chinese
medicine

Ref.

(40-43)

(41,47-52)

DMSA, dimercaptosuccinic acid; D-PCA, D-penicillamine; Na-DMPS, sodium dimercaptosuccinate; TETA, triethylene tetramine; TM,
tetrathiomolybdate; WD, Wilson's disease.

has suggested that multiple allele-specific PCR be used
to screen for WD (5).
5. Treatment
5.1. D-PCA
Early and lifelong treatment is the key to the treatment
of WD (5). WD is mainly treated with Western
medicine, surgery, hemodialysis, gene therapy, or cell
transplantation (Table 1). Patients with WD have copper
deposits and copper is mainly taken in through food, so
a low copper diet (such as rice, wheat flour, corn, milk,
eggs, white radish, poultry, beef, and rabbit) is secondline treatment after first-line treatment (38). Foods
high in copper like shellfish, nuts, beans, chocolate,
and whole grains should be avoided (23). A high
protein diet should be consumed because the increased
excretion of amino acids can increase urinary excretion,
thereby reducing the deposition of copper. Drug therapy
is mainly excessive copper chelation (5).
D-PCA is the drug of choice for treatment of
WD since it can chelate copper in vivo, promote its
excretion, and effectively reduce the severity of disease.
D-PCA has the advantage of inducing a high level of
urinary copper excretion, but copper is excreted slowly.
Therefore, D-PCA is not suitable for patients with
severe or advanced WD. If D-PCA is administered
over a prolonged period, adverse reactions are not
uncommon, including neurological deterioration, early
symptoms of gastrointestinal diseases and allergic

reactions, leukopenia, thrombocytopenia, hemolytic
anemia, and autoimmune diseases (39). When D-PCA
is administered to mice, levels of both hydroxyl radicals
and free copper in the striatum increase, which may
lead to deterioration of the nervous system, so D-PCA
should be used with caution. D-PCA is contraindicated
for patients with severe neurological symptoms, and
especially patients with muscle stiffening. The most
serious adverse reaction is anaphylaxis, which is
evident as a fever and rash over the first few days. Use
of PCA should immediately be halted when a serious
adverse reaction occurs (5). Similarly, D-PCA should
not be administered to patients with liver disease since
it will increase the burden on the liver, which may lead
to temporary signs of early treatment. Given the impact
of adverse reactions and neurological deficits during
initial treatment, 20-50% patients may be affected,
though those impacts are sometimes irreversible. Some
experts contend that PCA should not be the drug of
choice for treatment of WD (40). In China, however,
D-PCA is still the drug of choice because of its
effectiveness, prevalence, and low price (5).
5.2. Dimercaptosuccinic acid (DMSA) and sodium
dimercaptosuccinate (Na-DMPS)
DMSA is a broad-spectrum metal antidote and an
alternative to maintenance therapy. DMSA was the first
drug used to treat WD in China (5). Dimercaptopropanol
results in a lower level of urinary copper and causes
more severe adverse effects than other drugs, so its use
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has been discontinued (41). Na-DMPS is low in toxicity,
but it is ill-suited for patients with advanced WD and
critically ill patients. Calcium disodium edetate (CaNa2EDTA) has a low toxicity, but zinc and iron are easier to
chelate than copper, so CaNa2-EDTA causes excretion of
a small amount of copper in urine (4). DMSA and NaDMPS are recommended for patients with neurological
and psychiatric symptoms, mild to moderate hepatic
symptoms, and patients who cannot tolerate D-PCA. Use
of DMSA and Na-DMPS is particular to China. Because
these drugs are not mentioned in studies of liver disease
published by the American Society for Liver Disease
Research (42) and the European Research Association
(14). Hu et al. conducted a clinical study using several
heavy metal poisoning antidotes (GSH, DMS, EDTA,
DMPS, PCA, and DMSA) to treat WD (43). PCA was
the most effective oral preparation, followed by DMSA,
while DMPS was the most effective injection, followed
by DMS and CaNa2-EDTA (glutathione (GSH) was only
mildly effective).
5.3. Tetrathiomolybdate
Tetrabromomolybdate (TM) can bind to free copper
in serum and food (4). The use of PCA can aggravate
neurological symptoms in patients with severe
symptoms (44). However, TM rarely causes further
or irreversible nerve damage. Brewer et al. treated 55
patients with WD in the brain (45), and only two had
worsening neurological symptoms. As a result, some
experts recommend using TM without PCA to treat
WD, and TM is considered to be a fast drug that causes
relatively mild adverse reactions. However, excessive
amounts of molybdenum are toxic, and therefore TM is
not used in long-term maintenance therapy (46).
5.4. Zinc
Zn has been recognized as an effective adjuvant to
reduce copper absorption in patients with WD. Yang
used oral zinc sulfate or zinc gluconate to treat patients
with WD and found that urinary copper excretion
increased significantly (41). When patients used zinc
sulfate as part of maintenance therapy, their clinical
symptoms improved significantly in the third year of
follow-up. A study in the US indicated that Zn has
good clinical efficacy in asymptomatic patients and
preclinical patients and in the maintenance phase after
the use of copper chelators (10).
5.5. Traditional Chinese medicine
As adjuvant therapy, Chinese medicine can promote
copper excretion in bile, feces, and urine (4). Suitable
Chinese medicines include Gandou Decoction (41),
Shugan Lidan Paidu Decoction (47), Xiaoyao Powder
(48), Chaihuang Gandou Powder (49), Bushen Jianpi

Decoction (50), and Gandou De-Copper Pills (51). Xue
et al. found that DMPS and Gaudou Decoction can
improve liver function and delay the progression of
liver fibrosis by indirectly enhancing the degradation
of metalloproteinase-1 in the extracellular matrix.
A systematic review of nine randomized controlled
trials indicated that Gaudou Decoction appears to be
effective, safe, and well-tolerated as a single therapy or
adjuvant therapy (52).
5.6. Surgery
Surgery mainly involves a splenectomy and orthotopic
liver transplantation (OLT). The former can treat
patients with WD who have severe spleen hyperactivity
(53). OLT is suitable for decompensated liver disease
or "refractory" disease that cannot be alleviated by
medication alone. OLT is the only viable option for
patients with WD and fulminant liver disease (FHF)
or abdominal problems. However, OLT is not suitable
for patients with neurological symptoms alone because
long-term neurological damage cannot be alleviated
by transplantation (40). Although OLT is an effective
treatment, surgery is a risk and immunosuppression
is painful. Although OLT results in greater long-term
excretion of copper, it is extremely costly (4).
5.7. Cell transplantation
Cell transplantation mainly includes hepatocyte
transplantation and stem cell transplantation. Hepatocyte
transplantation has become the treatment of choice
for abnormal liver metabolism and genetic disorders
in recent years. "In vitro" gene therapy involves
transferring a gene from a donor into the body of a
recipient. Compared to "in vivo" gene therapy, "in vitro"
gene therapy has the advantages of little risk and ease.
However, mature hepatocytes are highly differentiated
somatic cells. Their proliferation capacity is limited and
in vitro proliferation is particularly difficult. In addition,
immune rejection is a possibility (4). However, stem
cell transplantation can solve this problem. In stem
cell transplantation, hepatocytes and bile duct cells can
be obtained from bone marrow cells. Stem cells can
be obtained from donor bone marrow or peripheral
blood and they have greater ability to proliferate than
hepatocytes. In addition, stem cells can also differentiate
into neurons and other cells, so they may have a
therapeutic effect on the neurological symptoms of
WD. An animal study has indicated that gene therapy
and cell transplantation can eventually restore copper
homeostasis and reverse liver disease (54), suggesting
that cell transplantation is the preferable option.
5.8. Hemodialysis
Hemodialysis can reduce the level of copper in patients
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with WD in a short period of time and it can also
remove other toxic substances. It can be used in patients
with severe or end-stage WD (4).
5.9. Genetic counseling

8.

9.

Genetic counseling is also important. Although
heterozygous carriers of defective genes are asymptomatic,
they will pass a defective gene to their offspring if they
marry someone who has similar symptoms. Twenty-five
percent of children of heterozygous carriers are normal,
50% are asymptomatic, and 25% develop WD (23).
Symptomatic treatment and rehabilitation training
are also indispensable. A daily change in symptoms
can also enable patients to actively participate in social
activities.

10.

11.
12.

6. Conclusion
At present, the prevalence of WD is higher in China than
in other countries, and research has made less progress
than it has abroad. Early identification, diagnosis, and
preemptive treatment of WD are critical to improving
patient outcomes (1). A combination of traditional
Chinese medicine and Western medicine is the best way
to treat WD. An individualized treatment program has
been put into practice to study the relationship between
the genotype and phenotype of WD, but this is far from
enough (5). Therefore, appropriate treatments need to be
studied and developed specifically for Chinese patients
with WD.
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Infection after total knee arthroplasty and its gold standard
surgical treatment: Spacers used in two-stage revision arthroplasty
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Summary

Periprosthetic joint infection (PJI) is one of the most devastating postoperative
complications of total knee arthroplasty (TKA). Treatment varies depending on the type
of infection, but two-stage revision arthroplasty using an antibiotic spacer is considered to
be the gold standard of treatment. Several types of spacers are available at the moment,
each with different benefits and indications, and these spacers may be improved in the
future. The primary goals of selecting a given spacer are to locally deliver antibiotics and
to preserve soft tissue. Use of an appropriate spacer subsequently decreases the difficulty
of the second revision, the operating time, and ultimately the risk of postoperative
complications.
Keywords: Total knee arthroplasty (TKA), infection, diagnosis, treatment, spacer

1. Introduction
Total knee arthroplasty (TKA), also known as total
knee replacement (TKR), is one of the more common
and successful orthopedic joint surgeries performed
to treat degenerative diseases of the knee (1-3). The
procedure is commonly performed on patients with
severe osteoarthritis, rheumatoid arthritis, or pigmented
villonodular synovitis with the main aim of relieving
pain and joint dysfunction. Degenerative changes
in the knee commonly occur in the elderly, though
those changes are increasingly prevalent in younger
patients due to changes in lifestyle. The procedure itself
involves significant postoperative pain and involves
a period of rigorous postoperative rehabilitation.
Rehabilitation takes around 6 weeks and involves the
use of mobility aids such as a walker, crutches, or a
cane to compensate for the diminished weight-bearing
capacity of the treated limb (4).
Several postoperative complications can occur after
TKA, including deep vein thrombosis, fractures of the
femoral shaft or periprosthetic fractures, loss of limb
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motion, knee instability, and postoperative infection,
and these complications all affect the overall success
of TKA in different ways (5). Postsurgical prosthesisrelated infections are rare but nonetheless one of the
most devastating postoperative complications (6).
Numerous factors contribute to the rate of infection;
despite the development of infection control, rates of
infection are still as high as 3% (6-8).
2. Diagnosis
At present, there are no optimal criteria for diagnosis of
a periprosthetic joint infection (PJI) after TKA (9). An
accepted definition of PJI is based on the fulfilment of
one of two major criteria: two positive periprosthetic
cultures with phenotypically identical organisms
and/or the presence of a sinus tract communicating
with the prosthesis. PJI is also diagnosed if three of
six minor criteria are fulfilled (Table 1): an elevated
level of serum C-reactive protein (CRP) and an
increased erythrocyte sedimentation rate (ESR), an
elevated synovial fluid white blood cell count (WBC),
changes on a leukocyte esterase test strip, an increased
percentage of synovial fluid polymorphonuclear
neutrophils (PMN%), or a single positive result from
histological analysis of periprosthetic tissue (9).
PJI after TKA primarily presents as symptoms and
signs of infection (6-7,10-11). These include pain in the
affected knee joint, swelling, erythema, effusion, signs
of inflammation, and persistent drainage after TKA.
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Table 1. Threshold values for the minor criteria used to diagnose acute and chronic PJI, as proposed by the International
Consensus Group on Periprosthetic Joint Infection (10).
Criterion

Acute PJI (< 90 days)

Chronic PJI (> 90 days)

C-Reactive Protein (CRP, mm/hr)
Erythrocyte Sedimentation Rate (ESR, mm/hr)
Synovium White Blood Cell (WBC) Count (cells/μL)
Synovium Fluid Polymorphonuclear Neutrophils (PMN%)
Leukocyte Esterase
Histological Analysis of Tissue

No definite threshold was determined
100
10,000
90
+ or ++
> 5 neutrophils per high power field in
5 high-power fields (×400)

30
10
3,000
80
+ or ++
> 5 neutrophils per high-power field
in 5 high-power fields (×400)

These symptoms are accompanied by a limited range of
motion (ROM) beyond what is normally expected after
primary TKA. Symptoms of pain and a limited ROM
differ from regular postoperative pain or lingering pain
and are indications of infection.
Radiological findings may also aid in diagnosing
PJI (6-7). Late-stage findings such as periosteal bone
formation, scattered foci of osteolysis, and subchondral
bone formation suggest the presence of a postoperative
infection. The presence of a radiolucent zone around the
prosthesis is not usually present in acute infections but is
present in chronic infections (6-7). This particularly aids
in assessing the stability of the implant and ultimately
determining the method of treatment. Nuclear imaging
is particularly useful in the diagnosis of PJI as its
results are not affected by the metallic prosthesis. An
example of an imaging technique is the triple-phase
technetium-99 bone scan (TBPS), which is widely used
to identify bone remodelling around the prosthesis (6).
A major disadvantage of TBPS is that it is unable to
distinguish between a septic knee and aseptic loosening
of the implant. Fluro-deoxyglucose positron emission
tomography (FDG-PET) is another nuclear modality
used to diagnose PJI (6). Inflammatory cells express
a high amount of glucose transporters, causing an
excess of deoxyglucose that cannot be metabolized
by cells and that can be identified by a scanner (12).
Although expensive, FDG-PET has been reported to
have a sensitivity of 91% and a specificity of 72% in the
diagnosis of PJI, and results can be obtained relatively
soon after the examination is finished (13).
Numerous treatment options are available for the
management of PJI, but revision surgery is regarded as
the best method of treatment (6-7,10-11). Revision can
be performed either in one or two stages. Two-stage
revision arthroplasty is regarded as the gold standard
for treatment of PJI of the knee (10). Unlike one-stage
revision, two-stage revision requires the patient to
undergo surgical treatment in two stages and the usage
of an interim spacer. Numerous studies have reported
that two-stage revision is more successful at controlling
infection (14-19).
At present, several versions of antibiotic spacers are
available. These spacers fall into three categories: (i)
a spacer made of antibiotic-loaded bone cement over
an endoskeleton or a standard prosthesis (ii), a spacer

made from cement molded intraoperatively (iii), and
prefabricated commercial spacers. These spacers are
divided into articulating spacers (spacers allowing a
degree of limb motion in between revision surgeries)
and static spacers (spacers that immobilize the lower
limb in between the two revision surgeries). In twostage knee revision, the articulating interface can be
cement-on-cement, cement-on-polyethylene, or cementon-metal (7-8).
3. Procedure
Two-stage revision surgery is regarded as the golden
standard for the treatment for PJI. This procedure
can involve the use of static or articulating spacers.
Numerous studies have reported that two-stage revision
surgery and articulating spacers can result in a rate of
infection control as high as 95% in patients with PJI (67,10-11). Hart et al. reported that using this procedure
has a success rate of 87.5% even when including
patients who have undergone multiple surgeries (20-21).
The first stage of the revision involves a complete
debridement of all lingering sources of infection in
the affected joint cavity. This includes the prosthesis
used in the primary TKA, cement, and inflamed tissue
within the joint cavity. An antibiotic-loaded cement is
chosen over regular bone cement to provide high doses
of antibiotics, usually both vancomycin and gentamycin
or tobramycin, that are locally eluted within the
joint cavity. This cement is used in accordance with
postsurgical intravenous antibiotics that are tailored
to the pathogen causing the infection. The duration of
antibiotic administration is continued for at least six to
eight weeks until the infection is eradicated according
to routine blood test results and radiological findings.
Then patients are eligible to undergo the second
surgery.
Other methods of surgical treatment have their own
indications and rate of infection control. Debridement
and irrigation is reported to have a success rate varying
from 16-80%, but this particular procedure is limited
to acute infections, in which the infected prosthesis
is not removed (22-24). One-stage revision surgery is
reported to have a success rate varying from 73-100%
(24-25). However, one-stage revision surgery has a
specific indication: it is performed on patients who
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are unable to withstand the physical stress of multiple
surgeries and on those with an infection that is caused
by a single, non-resistant, non-virulent pathogen (67,10). Arthrodesis and amputation of the affected
knee is usually the last result for patients who have an
uncontrolled infection, life-threatening sepsis, and/or
significant bone loss that cannot be corrected surgically.
Arthrodesis and amputation is not usually chosen and
results in an overall decrease in the patient’s quality of
life (6-7,10).
4. Types of spacers
4.1. Static spacers
Use of a static spacer involves the immobilization of
the affected leg knee during revision surgeries. This
proves to be its main disadvantage but a static spacer is
particularly suitable in situations where patients present
with a severe infection with obvious swelling of the
soft tissues (27-28). The local delivery of antibiotics
provides a stable localized concentration of the
antibiotics used in the bone cement. Preservation of the
joint space and infection control are required for future
revision treatment.
As mentioned earlier, static spacers are used when
patients present with a severe uncontrolled infection or
when patients have ligamentous instability, insufficient
extensor mechanisms, a compromised soft tissue layer
over the joint, or severe bone loss after removal of the
prosthesis implanted during primary TKA.
A study has reported that the main advantages of
static spacers are that they provide better relief for
patients with infected and congested tissues and that
they cost significantly less than articulating spacers (28).
However, other studies have reported that static spacers
yield poor postoperative limb mobility compared to
articulating spacers (6,27-28). A study by Emerson et
al. compared patients who underwent revision surgery
using a static spacer to those who underwent that surgery
using articulating spacers (29), and the study found no
marked differences in infection control for static spacers
(7.7%, 2 out of 26 knees) and articulating spacers (9.1%,
2 out of 22 knees) (P = 0.8). However, the study did
find marked difference in limb mobility outcomes after
the second revision: static spacers resulted in an ROM
of 93.7° and articulating spacers resulted in an ROM of
107.8°. A systematic review by Voleti et al. compared the
results of using static and articulating spacers in revision
treatment and it noted similar results (30). Voleti et al.
analyzed a combination of level III and level IV studies
that involved a total 1,526 patients. Static spacers were
used to treat 654 patients and articulating spacers were
used to treat 857. None of the reviewed studies noted any
marked difference in infection control (12% for static
spacers and 8% for articulating spacers), but they did
note significant differences in the postoperative ROM
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(91° for static spacers and 101° for articulating spacers).
4.2. Articulating spacers
The main advantage of articulating spacers is that they
allow motion of the affected knee in between revision
surgeries. This further facilitates recovery of limb
function, as patients can continue to move the affected
knee even when an interim spacer is used. As with
static spacers, articulating spacers also maintain the
joint space and provide a local effusion of antibiotics.
There are no apparent contraindications to the usage
of articulating spacers. A review by Mazzucchelli et
al. reported that articulating spacers may not be used
in cases where patients are found to have inadequate
soft tissue cover over the knee since it may lead to
problems with wound healing (28). Numerous studies
have also reported that spacer fractures are a common
postoperative complication of using articulating spacers
(31-32). Prefabricated commercial spacers may prove
to be problematic in cases of severe bone loss after
removal of the primary prosthesis. In such cases, static
spacers should be chosen.
Articulating spacers have been found to result in
a greater postoperative ROM with the same rate of
infection control (28). These are several factors for this
better outcome, though the main one is the preservation
of the length and elasticity of extensor mechanisms.
Ambulation in between revision surgeries also prevents
tissue scarring around the knee, quadriceps shortening,
and capsular thickening and contracture (28,33). This
subsequently facilitates future revision surgeries by
reducing surgical exposure and the overall difficulty of
revision (34-35). Several versions of articulating spacer
interfaces are presently available: cement-on-cement,
cement-on-polyethylene, and metal-on-polyethylene.
4.2.1. Articulating spacers with a cement-on-cement
interface
An antibiotic-loaded acrylic cement is used to fabricate
both the femoral and tibial components. Cement-oncement spacers are basically fabricated by a surgeon or
prefabricated. The spacers typically consist of antibioticloaded bone cement, and vancomycin and tobramycin or
gentamycin are usually added. Molds of different sizes
are used to form the femoral and tibial components with
the antibiotic mixture serving as the base. Antibiotics are
added without exceeding 10% of the total weight of the
bone cement to keep from compromising the structural
integrity of the spacer (36-37).
In a study of 24 patients, Durbhakula et al. used
custom molds to fabricate both the femoral and tibial
components (38). Durbhakula et al. used antibiotic
spacers loaded with 2.4 g of tobramycin and 1.0 g of
vancomycin. Postoperative follow-up was conducted
for up to 33 months. Postoperative ROM was found
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to be 104°. A study of similar hand-made spacers by
Villanueva-Martínez et al. reported that ROM was an
average of 80° and that there were reinfections at 5 years
(31).
An example of a commercial prefabricated spacer
is the Interspace Knee temporary knee spacer (Exatech,
Gainesville, FL. USA, sold as the Spacer-K (Tecres,
Verona, Italy) in Europe). This spacer has been
approved by the US Food and Drug Administration
(FDA) for use in the treatment of PJI in two-stage
revision surgeries (27). However, the antibiotic
component of the Interspace Knee spacer has proven to
be a major disadvantage (39). The spacer is available in
three sizes with gentamycin dosages ranging from 0.8 g
to 1.7 g, which is significantly lower than the suggested
dosage of 3.6 g antibiotic per 40 g of bone cement.
Another prefabricated gentamycin/vancomycin-loaded
cement spacer (Spacer-K® or Vancogenx-Space Knee®,
Tecres, Sommacampagna, Italy) is also available. This
spacer is available in four sizes: small, medium, large,
and extra-large (60-, 70-, 80- and 90-mm tibial plateau
dimensions, respectively). These spacers are also preloaded with antibiotics by the manufacturer.
A variation on this type of spacer involves the
addition of a prosthetic stem into both the tibial and
femoral intramedullary canals. The prosthetic stem is
fabricated using 3 mm K-wires that are then coated
with an antibiotic cement mixture. Only the proximal
part of the stem and the prosthesis component are fixed
onto the bone surface.
4.2.2. Articulating spacers with a cement-on-polyethylene
interface
In a study of 28 patients, Evans et al. used 40 g of
Palacos R cement (Zimmer) along with 4.8 g of
tobramycin and 4.0 g of vancomycin to fabricate
articulating cement spacers (40). The cement spacer was
either hand-made or prepared using a disposable mold.
A stemmed, posterior-stabilized, polyethylene femoral
component was coated with the prepared cement mixture
and implanted as an interim spacer. Evans et al. obtained
a success rate of up to 75% in the knees that were
operated on. Few studies have described the use of this
type of spacer, and the overall feasibility of this type of
spacer needs to be studied further.
A possible benefit of this type of spacer is the
omission of the tibial component, thus reducing operating
time and surgical difficulty. A shorter operating time
increases the overall success of this method of treatment.

using a spacer with a cement-on-polyethylene interface.
An articulating spacer is fabricated by autoclaving
the removed component. The re-sterilized femoral
component is reinserted during the same surgery. The
femoral component articulates with a new polyethylenetibial component instead of a tibial component made
of regular cement. A polyethylene patellar component
with pegs removed is used in 40% of the patients.
The antibiotic cement used was Simplex-P cement
(Howmedica, Rutherford, NJ) along with tobramycin,
mixed at a ratio of 4.8 g of tobramycin to 40 g of cement.
This method of cement preparation is used to fabricate
the femoral, patellar, and polyethylene inserts for the
tibial component.
In a study of 26 patients by Hoffman et al. (41),
reimplantation was successful in all but one patient who
died of non-spacer related complications. The overall
follow-up for those patients was 31 months (range: 1270 months). None of the patients had poor results, and
72% of the patients had excellent results. Postoperative
ROM increased an average of 30° in terms of the arc
of motion. No problems with wound healing, deep vein
thrombosis, or pulmonary emboli were noted.
PROSTALAC® (prosthesis with antibiotic-loaded
acrylic cement, DePuy Synthes, Warsaw, IN) is a
commercial prefabricated spacer with a metal-onpolyethylene interface that has been available since 1987.
The spacer consists of tibial and femoral components,
both consisting of antibiotic-loaded cement, along with
a bicondylar metal shell on the femoral component
and a complementary polyethylene insert on the tibial
component. The spacer is available in different sizes and
thicknesses (42).
5. Conclusion
Numerous versions of arthroplasty spacers are available
for clinical use. At present, there is no clear consensus
on the best way to select a spacer. There are no
apparent differences in infection control by static and
articulating spacers, but numerous studies have found
that articulating spacers yield a greater postoperative
ROM. Numerous aspects must be considered to
determine which type of articulating spacer will be
appropriate. Patient age, severity of infection, and even
cost must be included in that determination. In general,
the main purpose of using a spacer in revision TKA is
for effective infection control.
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Summary

Nasu-Hakola disease (NHD) is a rare autosomal recessive leukoencephalopathy caused by
a loss-of-function mutation of either TYROBP (DAP12) or TREM2 expressed in microglia.
A rare variant of the TREM2 gene encoding p.Arg47His causes a 3-fold increase in the risk
for late-onset Alzheimer's disease (LOAD). A recent study demonstrated that a rare coding
variant p.Ser209Phe in the ABI family member 3 (ABI3) gene, a regulator of actin cytoskeleton
organization, confers risk of developing of LOAD, although the pattern of ABI3 expression
in AD and NHD brains with relevance to microglial pathology remains to be characterized.
We investigated the cell type-specific expression of ABI3 in the brains derived from four
non-neurological controls (NC), ten AD and five NHD cases by immunohistochemistry. We
identified an intense ABI3 immunoreactivity chiefly on a subset of microglia with ramified or
amoeboid morphology located in the grey matter and the white matter of the frontal cortex
and the hippocampus of NC, AD, and NHD cases. The immunolabeled area of ABI3-positive
microglia was not significantly different among NC, AD, and NHD cases due to great variability
from case to case. The clusters of ABI3-immunoreactive microglia were found exclusively in
AD brains and they were associated with amyloid plaques. Although these observations do
not actively support the view that ABI3-immunoreactive microglia play a central role in the
development of leukoencephalopathy in NHD brains and the neurodegeneration in AD brains,
the intense expression of ABI3 on microglia might regulate their migration under conditions of
health and disease in the central nervous system (CNS).
Keywords: ABI3, Alzheimer's disease, leukoencephalopathy, microglia, Nasu-Hakola disease

1. Introduction
Nasu-Hakola disease (NHD), also designated
polycystic lipomembranous osteodysplasia with
sclerosing leukoencephalopathy (PLOSL; OMIM
221770), is a rare autosomal recessive disorder,
characterized by progressive presenile dementia and
formation of multifocal bone cysts, caused by genetic
mutations of either TYROBP(DAP12) or TREM2 (1).
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Clinically, the patients with NHD show recurrent
bone fractures during the third decade of life, and a
frontal lobe syndrome during the fourth decade of
life, and progressive dementia and death until the fifth
decade of life (2). Pathologically, the brains of NHD
patients exhibit extensive demyelination designated
leukoencephalopathy, astrogliosis, accumulation of
axonal spheroids, and remarkable activation of microglia
predominantly in the white matter of frontal and temporal
lobes and the basal ganglia (3). Although NHD patients
are clustered in Japan and Finland, approximately
200 NHD cases are presently reported worldwide.
TREM2 and DAP12 constitute a receptor/adaptor
signaling complex expressed exclusively on osteoclasts,
dendritic cells, macrophages, and microglia (4). It is
generally supposed that a complete loss of function of
the TREM2-DAP12 signaling pathway in microglia
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induces leukoencephalopathy in NHD. Thus, NHD is a
primary disease of microglia termed "microgliopathy"
(5), although the mechanisms how functionally aberrant
microglia evoke leukoencephalopathy remain unknown.
Alzheimer's disease (AD) is characterized by the
hallmark pathology comprised of widespread amyloid-β
(Aβ) deposition, neurofibrillary tangle (NFT) formation,
extensive neurodegeneration, and profound activation
of microglia in the brain (6). The complex interaction
between multiple genetic and environmental factors
affecting various molecular pathways plays a key role
in AD, although the precise molecular mechanism
underlying AD remains largely unknown.
Microglia, resident myeloid cells in the central
nervous system (CNS), play a pivotal role in maintenance
of brain homeostasis, along with progression of
neurodegenerative diseases (7). Microglia originate
from erythromyeloid progenitors in the yolk sac and
populate the CNS during early embryonic development
(8). Microglia actively survey the surrounding
microenvironment with dynamic processes. A battery
of the genes, such as TREM2, BIN1, ABCA7, PICALM,
CASS4, HLA-DRB1, MS4A6A, ZCWPW1, INPP5D and
CD33, whose polymorphic variants modulate the risk
of late-onset AD (LOAD), are expressed abundantly in
microglia (9). The most notable example is a significant
association between an approximately 3-fold increase
in the risk for LOAD and a rare variant of the TREM2
gene encoding p.Arg47His located in the ligand binding
domain of TREM2 (10). These observations suggest that
a partial loss of function of the TREM2-DAP12 signaling
pathway in microglia causes amyloid pathology, tau
pathology, and neurodegeneration in AD.
Recently, by genotyping using a whole-exome
microarray followed by de novo genotyping and
analysis of imputed genotypes, a three-stage casecontrol study of 85,133 subjects identified rare coding
missense variants associated with LOAD (11). They
are composed of a protective variant of p.Pro522Arg
in PLCG2, a risk variant of p.Ser209Phe in ABI3,
and a risk variant of p.Arg62His in TREM2. Among
them, the Phe209 allele of ABI3 showed consistent
evidence for increasing the LOAD risk with a minor
allele frequency (MAF) of 0.011 in cases and 0.008 in
controls. However, the pattern of expression of ABI3
in the brains of AD, along with NHD with relevance to
microglial pathology remains unknown. In the present
study, for the first time, we attempt to clarify the cell
type-specific expression of ABI3 in the brains of AD
and NHD by immunohistochemistry.
2. Materials and Methods
2.1. Human brain tissues
The brain autopsies were performed at the National
Center Hospital, National Center of Neurology and

Psychiatry (NCNP), Japan, Kohnodai Hospital,
National Center for Global Health and Medicine
(NCGM), Japan, and affiliated hospitals of Research
Resource Network (RRN), Japan. The comprehensive
examination by established neuropathologists (YS
and TI) validated the pathological diagnosis. In all
cases, written informed consent was obtained. The
Ethics Committee of the NCNP for the Human Brain
Research, the Ethics Committee of the NCGM on the
Research Use of Human Samples, and the Human
Research Ethics Committee (HREC) of the Meiji
Pharmaceutical University (MPU) approved the present
study.
For immunohistochemical studies, serial sections of
the frontal cortex and the hippocampus were prepared
from four subjects who died of non-neurological
causes (NC), composed of a 63-year-old man who
died of prostate cancer and acute myocardial infarction
(NC1), a 67-year-old man who died of dissecting
aortic aneurysm (NC2), a 57-year-old man who died
of alcoholic liver cirrhosis (NC3), and a 61-year-old
man who died of rheumatoid arthritis with interstitial
pneumonia (NC4), ten AD patients, composed of a
68-year-old woman (AD1), a 70-year-old woman
(AD2), a 68-year-old woman (AD3), a 56-year-old man
(AD4), a 59-year-old man (AD5), an 81-year-old man
(AD6), a 68-year-old woman (AD7), an 80-year-old
man (AD8), a 72 year-old man (AD9), and a 77-yearold woman (AD11), and five NHD patients, composed
of a 42-year-old man (NHD1), a 48-year-old woman
(NHD2), a 44-year-old man (NHD3), a 32-year-old
woman (NHD4), and a 38-year-old man (NHD5). The
homozygous mutation of a single base deletion of 141G
(c.141delG) in exon 3 of DAP12 was identified in
NHD1, NHD2, and NHD5, while the genetic analysis
was not performed in NHD3 or NHD4. All AD cases
were satisfied with the Consortium to Establish a
Registry for Alzheimer's Disease (CERAD) criteria for
diagnosis of definite AD (12). They were categorized
into the stage C of amyloid deposition and the stage VI
of neurofibrillary degeneration, following the Braak's
staging (13).
2.2. Immunohistochemistry
After deparaffination, tissue sections were heated in
10 mM citrate sodium buffer, pH 6.0 by autoclave at
110℃ for 15 min in a temperature-controlled pressure
chamber (Biocare Medical, Pacheco, CA, USA). They
were treated at room temperature (RT) for 15 min
with 3% hydrogen peroxide-containing methanol to
block the endogenous peroxidase activity. They were
then incubated with phosphate-buffered saline (PBS)
containing 10% normal goat serum at RT for 15 min to
block non-specific staining, followed by incubation in a
moist chamber at 4℃ overnight with rabbit polyclonal
anti-ABI3 antibody (HPA017345; Atlas Antibodies,
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Bromma, Sweden) or rabbit polyclonal anti-Iba1
antibody (Wako Pure Chemical, Tokyo, Japan) for a
marker specific for microglia. The specificity of antiABI3 antibody was validated by western blot analysis of
recombinant human ABI3 protein expressed in HEK293
cells, which were transfected with the pcDNA4/HisMax
TOPO vector (Thermo Fisher Scientific, Carlsbad, CA,
USA) containing the full-length ABI3 sequence. After
washing with PBS, tissue sections were incubated at RT
for 30 min with horseradish peroxidase (HRP)-conjugated
secondary antibody (Nichirei, Tokyo, Japan), followed
by incubation with diaminobenzidine tetrahydrochloride
(DAB) substrate (Vector, Burlingame, CA, USA), and
DAB enhancing solution (Vector) for detection of ABI3
immunolabeling. They were processed for a counterstain
with hematoxylin. Negative controls underwent all the
steps except for exposure to primary antibody. In limited
experiments, double immunolabeling was performed
using rabbit anti-ABI3 antibody and mouse monoclonal
antibodies against glial fibrillary acidic protein (GFAP)
(GA5; Nichirei, Tokyo, Japan), neuronal nuclei antigen
(NeuN) (1B7; Abcam, Cambridge, UK), 2',3'-cyclic
nucleotide 3'-phosphodiesterase (CNPase) (11-5B;
Sigma, St. Louis, MO, USA), gp91phox (Abcam),
or amyloid-β peptide (12B2; Immunobiological
Laboratories, Gunma, Japan), followed by incubation
with HRP-conjugated or alkaline phosphatase-conjugated
anti-rabbit or anti-mouse secondary antibody and
exposure to DAB substrate and Warp Red chromogen
(Biocare Medical).
2.3. Quantification of ABI3 immunoreactivity
To quantify immunolabeled areas, the images derived
from three fields of the white matter or the grey matter
per each section were captured at a 200× magnification
on the Olympus BX51 universal microscope. They
were then processed for quantification by using ImageJ
software (National Institute of Health, Bethesda, MD,
USA). The ABI3-immunolabeled area was calibrated
by the Iba1-immunolabeled area. The differences in the
ABI3/Iba1 ratio among NC, AD, and NHD subjects were
evaluated statistically by one-way analysis of variance
(ANOVA) followed by post-hoc Tukey's test.
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Diagnostics, Tokyo, Japan) with SYBR Green I and
a primer set composed of 5'catgcatatggagaaggtggcc3'
and 5'tgcctgttcttgacagctgcgt3' for detection of a 200
bp product of the ABI3 gene (NM_016428.2). The
expression levels of ABI3 were standardized against the
levels of glyceraldehyde-3-phosphate dehydrogenase
(G3PDH) detected in the corresponding cDNA samples.
All the assays were performed in triplicate.
3. Results
First of all, we validated the specificity of anti-ABI3
antibody HPA017345 by western blot analysis of Xpresstagged recombinant human ABI3 protein expressed
in HEK293 cells (Figure 1, panels a, b). Then, by
immunohistochemistry using HPA017345, we identified
an intense expression of ABI3 immunoreactivity chiefly
on a subset of microglia with ramified or amoeboid
morphology located in the grey matter and the white
matter of the frontal cortex and the hippocampus derived
from NC, AD, and NHD subjects (Figures 2-4, panels
a-d). ABI3 immunoreactivity was found to be located
in the cytoplasm. We occasionally found inconsistent
staining of capillary walls, and perivascular and
intravascular macrophages/monocytes. In AD brains,
some of ABI3-immunoreactive microglia formed the
clusters and they were often closely associated with
amyloid deposition (Figure 3, panels c, d). In contrast,
the clusters of ABI3-expressing microglia were almost
undetectable in both NC and NHD brains. By double
immunolabeling, the expression pattern of ABI3
overlapped with that of gp91phox, a marker of microglia
(15) (Figure 5, panel a), whereas GFAP-positive
astrocytes, CNPase-positive oligodendrocytes, and
NeuN-positive neurons did not express ABI3 (Figure 5,
panels b-d), suggesting that astrocytes, oligodendrocytes
and neurons do not express discernible levels of ABI3

2.4. Quantitative RT-PCR analysis
To investigate the effects of inflammatory mediators on
ABI3 expression, v-myc-immortalized human microglial
cells named HMO6 (14), incubated in 10% fetal bovine
serum (FBS)-containing Dulbecco's Modified Eagle's
Medium (DMEM), were exposed for 24 hours to 1 μg/
mL lipopolysaccharide (LPS; Sigma), recombinant
human IFNγ, IL-4, IL-13 or TGFβ1 (50 ng/mL each;
Peprotech, London, UK), followed by extraction of total
cellular RNA. For quantitative RT-PCR (qPCR) analysis,
cDNA was amplified by PCR on LightCycler 96 (Roche

Figure 1. The specificity of ABI3 antibody. Western blot
of non-transfected HEK293 cells (lane 1) and the cells
transfected with the vector containing the full-length ABI3
sequence (lane 2). (a) ABI3, (b) Xpress tag, and (c) G3PDH
as a loading control.
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Figure 2. Expression of ABI3 in NC brains. (a) the frontal
lobe white matter, ABI3, (b) the same area of (a), Iba1, (c) the
CA1 region of the hippocampus, ABI3, and (d) the same area
of (c), ABI3.

Figure 3. Expression of ABI3 in AD brains. (a) the frontal
lobe white matter, ABI3, (b) the granular cell layer of the
dentate gyrus of the hippocampus, ABI3, (c) the frontal
cortex, ABI3 (dark brown), amyloid-β (red), and (d) the same
area of (c), ABI3 (dark brown), amyloid-β (red).

Figure 4. Expression of ABI3 in NHD brains. (a) the frontal
lobe white matter, ABI3, (b) the frontal cortex, ABI3, (c) the
frontal lobe white matter, ABI3, and (d) the granular cell layer
of dentate gyrus of the hippocampus, ABI3.

Figure 5. Expression of ABI3 in AD brains. (a) the
periventricular white matter of the the hippocampus, ABI3 (dark
brown), gp91phox (red), (b) the periventricular white matter
of the hippocampus, ABI3 (dark brown), GFAP (red), (c) the
temporal lobe white matter, ABI3 (dark brown), CNPase (red),
and (d) the frontal cortex, ABI3 (dark brown), NeuN (red)

in the human brain. By quantitative analysis, the
immunolabeled area of ABI3-positive microglia was not
significantly different among NC, AD, and NHD cases
in the grey matter (p = 0.8689) and the white matter (p
= 0.8237) due to great variability in the area of ABI3immunolabeled microglia from case to case (Figure 6).
These observations do not actively support the view that
ABI3-immunoreactive microglia play a central role in
the development of leukoencephalopathy in NHD brains
and the neurodegeneration in AD brains. In HMO6
cells, a culture model of human microglia, the treatment
with TGFβ1 but not with LPS, IFNγ, IL-4 or IL-13
significantly elevated ABI3 mRNA expression levels (p
= 0.0001) (Figure 7).

as a risk variant for LOAD, although the expression
of ABI3 in the human brain tissues remains to be
determined (11). NHD is regarded as microgliopathy
due to the complete loss of function of the TREM2DAP12 signaling pathway in microglia, while AD
is characterized by the partial loss of function of this
pathway. Therefore, we attempted to investigate the
pattern of ABI3 expression with relevance to microglial
pathology in both AD and NHD brains. As a result, we
identified an intense ABI3 immunoreactivity almost
exclusively on a subset of microglia in NC, AD, and
NHD brains.
ABI3 belongs to the Abelson-interactor (ABI) family
of proteins, including ABI1, ABI2 and ABI3, which
serve as a class of cytoplasmic molecular adaptors.
Both ABI1 and ABI2 were originally identified as a
binding partner for the c-ABL kinase, a non-receptor
tyrosine kinase, whose activation induces cell growth,

4. Discussion
A recent study identified p.Ser209Phe in the ABI3 gene
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Figure 7. Quantitative RT-PCR analysis of ABI3 expression
in HMO6 microglia in culture. HMO6 cells were exposed
for 24 hours to 1 μg/ml lipopolysaccharide (LPS), recombinant
human IFNγ, IL-4, IL-13 or TGFβ1 (50 ng/mL each), followed
by extraction of total cellular RNA that is processed for qRTPCR. The expression levels of ABI3 were standardized against
the levels of G3PDH.

Figure 6. Quantitative analysis of ABI3 expression on
microglia in NC, AD, and NHD brains. (a) The ABI3immunolabeled area/Iba1-immunolabelled area ratio, the grey
matter of the frontal cortex, and (b) The ABI3-immunolabeled
area/Iba1-immunolabeled area ratio, the white matter of the
frontal cortex.

transformation, and cytoskeletal organization. ABI3
was initially cloned as a new molecule including Srchomology 3 (SH3) domain (NESH) (16). Members
of ABI family encode a protein containing an aminoterminal homeodomain homologous region (HHR), a
proline-rich (PR) region, and a carboxy-terminal SH3
domain. They constitute the WAVE regulatory complex
(WRC) that regulates actin cytoskeleton organization
(17,18). WRC is a macromolecular complex, composed
of five-subunit proteins that include ABI (ABI1, ABI2
or ABI3), WAVE (WAVE1, WAVE2 or WAVE3),
Nap1, PIR121/Sra1, and HSPC300 (19). WRC regulates
Arp2/3-mediated actin filament nucleation and actin
network assembly in response to the Rac GTPase.
WRC containing ABI3 is functionally distinct from that
containing ABI1 (17,18). Both ABI1 and ABI2 but not
ABI3 promote the c-ABL-mediated phosphorylation
of WAVE2, since ABI3 does not directly interact with
c-ABL (17,18). WAVE2 phosphorylation by c-ABL
activates WRC, leading to formation of lamellipodial
membrane protrusions. A linker region between the PR
region and the SH3 domain of ABI1 is crucial for its
interaction with c-ABL (18).
At present, the precise biological function of ABI3
in microglia remains unknown. ABI3 expression is often
lost in invasive cancer cells (20). This is attributable to
transcriptional silencing by methylation of specific CpG
sites located within the ABI3 promoter (21). Forced

expression of ABI3 in v-src-transformed NIH3T3 (SRD)
cells, thyroid cancer cells, or colon cancer cells inhibits
cell growth, invasiveness and migration, and enhances
cellular senescence in vitro and reduces the tumor growth
and metastasis in vivo, indicating that ABI3 acts as a
tumor suppressor gene (20,22). In contrast, treatment
of SRD cells overexpressing ABI3 with a tyrosine
kinase inhibitor imatinib mesylate markedly promotes
formation of invadopodia, actin-rich ventral membrane
protrusions with extracellular matrix-degrading activity,
and enhances the metastatic potential (18,23). Microglia,
along with macrophages, are capable of producing
podosomes, a matrix-degrading ventral cell surface
structure similar to invadopodia (24). These observations
suggest that ABI3 expressed on microglia in NC, AD,
and NHD brains might positively regulate their motility
and migration capacity via formation of podosomes,
particularly when the activity of c-ABL tyrosine kinase
is suppressed. In contrast, ABI3 mRNA expression is
upregulated in TREM2-deficient microglia that exhibit a
reduction in chemotaxis and migration (25).
Forced expression of ABI3 suppresses proliferation
of thyroid and colon cancer cells (22). ABI3 expression
in these cells increases the percentage of cells located
in G0/G1 phase by upregulating the cell cycle inhibitor
p21WAF1 and downregulating ERK phosphorylation and
E2F1 expression. Therefore, the possibility exists that an
intense expression of ABI3 on microglia in NC, AD, and
NHD brains might negatively regulate cell proliferation.
The SH3 domain of ABI3 interacts with p21-activated
kinase (PAK), whose activation positively regulates cell
motility. The SRD cells overexpressing ABI3 show a
significant decrease in PAK2 phosphorylation at Thr402
(20). Forced expression of ABI3 in thyroid cancer cells
substantially reduced the phosphorylation of AKT
at both Thr308 and Ser473 and GSK3β at Ser9 (26).
ABI3 is phosphorylated at Ser342 by signaling through
the PI3K/AKT pathway. Non-phosphorylated form of
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ABI3 is preferentially incorporated in WRC, while the
phosphorylated form represents an inactive protein not
included in the complex. ABI3 serves as a downstream
mediator of the PI3K/AKT pathway that disrupts WRC
via phosphorylation of ABI3 (26).
Microglia adopt two distinct activation phenotypes,
composed of a proinflammatory and neurotoxic
"classical" activation (M1) phenotype by exposure
to LPS and IFNγ and an anti-inflammatory and
neuroprotective "alternative" activation (M2) phenotype
following treatment with IL-4 and IL-13 (27). We
found upregulation of ABI3 mRNA expression in
HMO6 microglial cells by exposure to TGFβ1 but not
by LPS, IFNγ, IL4 or IL-13. TGFβ1 plays a pivotal
role in development and maintenance of microglia both
in vitro and in vivo (28). Microglia is lost in the CNSspecific TGFβ1 deficient mice that exhibit progressive
motor paralysis and death by 23-25 weeks of age,
indicating that TGFβ1 acts as a major differentiation
and survival factor for microglia (28). TGFβ1-treated
microglia show a quiescent phenotype that resembles
M0 cells (29). Importantly, TGFβ1 promotes microglial
clearance of amyloid-β (30). We identified an intense
ABI3 immunoreactivity on the microglia associated
with amyloid plaques in AD, possibly related to their
migration onto amyloid plaques.
In conclusions, we found that ABI3 is expressed
almost exclusively on a subset of microglia in NC, AD,
and NHD brains. The pattern of ABI3 expression was
similar among the cases, although the clusters of ABI3immunoreactive microglia were found predominantly
in AD brains, associated with amyloid plaques. The
biological implications of an intense expression of
ABI3 on microglia in AD and NHD brains remain to be
clarified.
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Summary

Interferon stimulated gene 20-kDa (ISG20) has been implicated in the pathology
of osteoarthritis (OA) and it has been separately found to be responsive to estrogen
stimulation. OA disproportionately affects women, and especially older women, suggesting
some role of reproductive hormones in its pathology. The current study characterized
the expression of ISG20 following stimulation with estradiol (E2) and proinflammatory
cytokines in OA synovial fibroblasts (OASFs). E2 and the proinflammatory cytokines
interleukin-6 (IL-6), lipopolysaccharide (LPS), and tumor necrosis factor α (TNF-α) were
used to stimulate OASFs in vitro. The expression of ISG20 before and after stimulation was
detected using quantitative real-time polymerase chain reaction (RT-qPCR) and Western
blotting. E2 and proinflammatory cytokine (IL-6, LPS and TNF-α) stimulation significantly
induced the expression of ISG20 both at the messenger RNA (mRNA) and protein level.
Moreover, the induction was time- and dose-dependent. Small interfering RNA (siRNA) was
transfected into OASFs, and expression of the inflammatory factors interleukin-1α (IL-1α),
IL-6, and interleukin-10 (IL-10) was detected using RT-qPCR. Silencing ISG20 with siRNA
inhibited the expression of IL-1α, IL-6, and IL-10. Thus, expression of ISG20 was regulated
by estradiol and proinflammatory factors, while ISG20 in turn regulated the expression of
other inflammatory factors. These data support the contention that ISG20 plays a role in
the inflammatory process of OA.
Keywords: Osteoarthritis, ISG20, Estradiol, proinflammatory factor, inflammation

1. Introduction
Osteoarthritis (OA) is a severe, chronic, progressive
inflammatory disease of the joints, and particularly the
knee. Affected joints are painful and have restricted
function, which could lead to long-term disability (1).
The pathogenesis of OA has yet to be fully understood,
but is thought to be associated with sex, increasing
age, trauma, wound healing, cartilage metabolic
abnormalities, and immune abnormalities (2,3).
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Indeed, OA disproportionately affects women, and its
prevalence is higher among older individuals. Women
over the age of 50 years have a higher incidence of
OA, so the menopause-related changes in hormone
levels are hypothesized to contribute to arthritis (4). As
the global population continues to age, understanding
the pathogenesis of OA will become increasingly
important.
Interferons (IFNs) comprise a family of secretory
proteins chiefly characterized by their ability to
induce cellular antiviral proteins (5). The interferonstimulated genes (ISGs) produce proteins that act as
antiviral effectors. One of these, interferon stimulated
gene 20-kDa (ISG20), is an RNA exonuclease, and its
expression can be induced by IFN types I (IFNα and
IFNβ) and II (IFNγ) in various cell lines. ISG20 can
cleave single-stranded RNA and DNA and it plays a
key role in mediating the antiviral activity of IFN (6-
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9). Expression of ISG20, also called HEM45 (HeLa
estrogen-modulated, band 45), in human cervical cancer
cells increases when stimulated with estrogen (10). Thus,
ISG20 appears to be responsive to hormonal signals.
Recent evidence has also implicated ISG20 in the
pathology of OA. Indeed, the messenger RNA (mRNA)
level of ISG20 is lower in the synovial tissues of patients
with OA than that in patients with rheumatoid arthritis
(RA) (11). A recent study by the current authors found
that inflammatory mediators such as lipopolysaccharide
(LPS), interleukin-6 (IL-6), and tumor necrosis factor α
(TNF-α) can stimulate ISG20 production in OA synovial
fibroblasts (OASFs), indicating that ISG20 may act as a
"sensor" in OASFs to exacerbate inflammation. However,
the mechanism responsible for this function has yet to be
identified. In order to determine how ISG20 contributes
to the inflammation of OASFs, the current study
characterized the expression and pathogenic signaling
pathway of ISG20 in RASFs during inflammation.
Since estradiol (E2) and proinflammatory factors play
important roles in OA, this study also assessed the
expression of ISG20 in response to stimulation with E2
and proinflammatory cytokines. These findings should
identify the role of ISG20 in the pathogenesis of OA.
2. Materials and Methods
2.1. Synovial tissues
Synovial tissues (STs) were provided by Shandong
Provincial Hospital. Tissues were collected during
knee replacement surgery from patients with OA.
All participants provided written informed consent
to participate in this study, and the study plan was
approved by the ethics committee of the Shandong
Academy of Medical Sciences.
2.2. Cell culture and treatment
Synovial tissue was macerated and incubated with
type II collagenase (1 mg/mL, Sigma-Aldrich) in
Dulbecco's modified Eagle medium (DMEM, HyClone,
Thermo Scientific) for 6 h at 37°C in 5% CO2 (Thermo
Scientific). The tissue was treated with 0.25% trypsin
(Solabio) diluted in a phosphate-buffered saline
(PBS) solution at a volume equivalent to the DMEM.
Cells were filtered and cultured overnight in DMEM,
supplemented with 10% fetal bovine serum (FBS,
HyClone, Thermo Scientific), penicillin (100 IU/
mL), and streptomycin (100 µg/mL, Gibco) for three
passages. OASFs from passages 4-6 that tested negative
for CD14, CD3, CD19, and CD56 expression according
to flow cytometry were used is this study.
OASFs were cultured for 18 h at a density of 2-4 ×
104/well in DMEM supplemented with 2% FBS. Then
cells were cultured in the presence of E2, IL-6, LPS, or
TNF-α. In order to avoid inclusion of other substances,
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E2 was diluted with certified charcoal-stripped FBS (BI,
04-201-1A) and serum without phenol red (MACGENE,
CM15020).
2.3. Inhibition of ISG20 expression with small interfering
RNA (siRNA)
Cultured OASFs were transfected with siRNA at
200 nmol/L using a HiPerFect transfection reagent
(QIAGEN, Germany) according to the manufacturer's
protocol. The cells were harvested for analysis 24
h after transfection. The sequence of siISG20 was
5'-GGCTACACAATCTACGACA-3'; a scrambled
siRNA (5'-GGCTACACAATCTACGACA-3') was used
as the negative control.
2.4. Quantitative real-time PCR (RT-qPCR)
Total RNA was extracted from cultured cells and human
tissues using a TRIzol Reagent (Invitrogen) according to
the manufacturers' protocol. RNA was reverse-transcribed
using a ReverTra Ace qPCR RT Kit (Toyobo). RTqPCR was conducted using a LightCycler 480 (Roche)
with the following amplification protocol: denaturation
at 95°C for 10 min, 40 cycles of denaturation at 95°C
for 10 s, annealing at 60°C for 1 min, and extension
at 72°C for 1s. Primers for RT-qPCR were also
designed in accordance with the consensus sequence.
GAPDH was used as an internal loading control.
The sequences of primers were as follows: GAPDH
5'-GCACCGTCAAGGCTGAGAAC-3' (forward) and
5'-TGGTGAAGACGCCAGTGGA-3' (reverse); ISG20
5′- TGTTCTGGATGCTCTTGTGC-3′ (forward) and
5′- GCACTGAAAGAGGACATGAGC-3′ (reverse);
ESR1 5′- GTCGCCTCTAACCTCGGG-3′ (forward) and
5′- GCTTTGGTGTGGAGGGTCAT -3′ (reverse). All
primers were synthesized by BioSune (Shanghai, China).
Relative messenger RNA (mRNA) levels were measured
using the 2-Δcycle threshold (2-ΔCT) method.
2.5. Western blotting
Whole cell lysates were separated using SDSpolyacrylamide gel electrophoresis (SDS-PAGE) and
transferred onto a polyvinylidene difluoride membrane
(Amersham Biosciences, Little Chalfont, UK). Western
blotting was performed using anti-ISG20 (1:1000,
ABCAM, ab154393). Tubulin (1:1000, ABCAM,
ab7291) was used as a loading control for nuclear and
cytoplasmic proteins.
2.6. Statistical analysis
Statistical analysis was performed using the Statistical
Package for Social Sciences, version 17.0 (SPSS, USA).
Data from cytological experiments were analyzed with
the Student's t-test or chi-square test. P < 0.05 was
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considered statistically significant in all calculations.
3. Results
3.1. E2 can stimulate the expression of ISG20 in OASFs
Women over the age of 50 have a higher incidence
of OA, which suggests that changes in reproductive
hormone levels may promote arthritis. In particular, E2
secretion decreases at menopause (12). To investigate
whether ISG20 is responsive to E2, RT-qPCR and
Western blotting were used to examine the expression
of ISG20 in OASFs after stimulation with estradiol
(E2). ISG20 expression increased significantly after
stimulation with 10-8 mol/L of E2 for 6 h (p < 0.01)
(Figure 1A and 1B). Western blotting (Figure 1C)
verified that the protein product was consistent with
increased ISG20 expression according to RT-qPCR.
3.2. ISG20 is sensitive to extra-cellular stimulation with
IL-6, TNF-α, and LPS
To understand the pathological role of ISG20 in OA
inflammation, the current study first investigated whether
ISG20 expression is responsive to various inflammatory
factors implicated in OA. Indeed, IL-6 (I), LPS (II),
and TNF-α (III) treatments induced ISG20 expression
in OASFs to varying degrees (Figure 2A, 2B, and 2C).
Moreover, the expression of ISG20 increased in a dosedependent manner in response to stimulation.
3.3. The role of ISG20 in regulating inflammatory
factors in OASFs
Since the expression of ISG20 increased significantly

after stimulating OASFs with E2 and pro-inflammatory
cytokines, the current authors hypothesized that ISG20
may participate in inflammatory processes in OA. To
test this hypothesis, siRNA was used to knock down
expression of ISG20. After verifying the efficiency of
the knockdown, RT-qPCR was used to detect its effect
on expression of inflammatory factors interleukin-1α
(IL-1α), IL-6, and interleukin-10 (IL-10), which play
an important role in the inflammatory phenomenon of
osteoarthritis (12). Results indicated that transfection of
200 nmol/L of siRNA-ISG20 for 24 hours significantly
down-regulated the level of ISG20 mRNA expression
compared to the control group (Figure 3A, p < 0.05).
Moreover, RT-qPCR results indicated that knockdown
of ISG20 in OASFs promoted lower levels of IL-1α,
IL-6, and IL-10 expression (Figure 3B and 3C).
4. Discussion
The incidence of OA in women increases abruptly after
menopause and is accompanied by a decrease in E2
secretion (13). E2 is the main estrogen in women who
are premenopausal and postmenopausal. The estrogen
level in joint fluid correlates with the level in blood,
and E2 levels in joint fluid are similarly correlated with
estrogen levels in serum from women with OA (14).
These findings suggest that levels of hormones such
as E2 change, increasing the incidence of OA. The
current study found that an appropriate concentration
of E2 can stimulate ISG20 expression in OASFs. This
is consistent with results of studies indicating that E2
stimulation upregulates ISG20 expression in human
cervical cancer cells and BD5, MDA-L3, MCF-7, and
HepG2 cells (10).
Nonetheless, the function of E2 in OA-related

Figure 1. Effect of E2 on ISG20 in OASFs. (A) RT-qPCR was used to detect the effect of 10-8 mol/L of E2 on ISG20 in OASFs
at different times; (B) RT-qPCR was used to detect ISG20 after OASFs were stimulated with E2 at serial concentrations for 6
h. The p value in A and B represents each of the times/doses compared to the control. *p < 0.05, **p < 0.01, ***p < 0.001; (C)
Western blotting and RT-qPCR were used to detect ISG20 after OASFs were stimulated 2with E2 at serial concentrations for 6 h.
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Figure 2. Proinflammatory factors can stimulate ISG20 in OASFs. OASFs were treated with10 ng/mL of IL-6 (A), TNF-α (B),
or LPS (C) for 24 h in the presence or absence of a vehicle control. The expression of ISG20 was detected with RT-qPCR and
Western blotting (D). The p value in A, B, and C represents each of the doses compared to the control. All results are presented as
the mean ± s.e.m. of three independent experiments performed in triplicate.*p < 0.05, **p < 0.01.

Figure 3. ISG20 is required for the production of inflammatory factors in OASFs. RT-qPCR was used to detect the efficiency
of siRNA ISG20 (A) and the expression of inflammatory factorsIL-1α, IL-10, and IL-6 after the interference (B and C). *p < 0.05,
**p < 0.01.

inflammation is still debated. Martín-Millán and
Castaneda hypothesize that estrogen plays a dual role
as both an anti-inflammatory and a pro-inflammatory
agent in the pathogenesis of OA (15). In contrast, de
Klerk et al. suggest that there is no convincing evidence
of a link between estrogen and OA (16). However, the
current finding that ISG20 expression could be induced
in OASFs by E2 and OA-related proinflammatory
factors supports previous contentions that E2 may be
pro-inflammatory in OA.
Inflammation is a common symptom of OA and is
characterized by the presence of immune cells and the
secretion of cytokines. Inflammatory factors are highly
expressed in OA synovial tissue compared to normal
synovial tissue (3). The current findings indicate
that inflammatory factors IL-6, LPS, and TNF-α can
promote ISG20 mRNA expression. At the same time,
knocked down expression of ISG20 with specifically
targeted siRNA promotes the down-regulation of
inflammatory cytokines such as IL-6, IL-1α, and

IL-10. Thus, ISG20 may play a role in promoting
inflammation in OASFs.
In summary, the current study found that ISG20
can be regulated by estradiol and proinflammatory
factors such as IL-6, LPS, and TNF-α, and that, in turn,
ISG20 can regulate the expression of the inflammatory
cytokines IL-6, IL-1α, and IL-10 in OASFs. These
findings help to understand the pathogenesis of OA,
and particularly that among older women, and may lead
to new therapeutic targets.
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Summary

The interferon-inducible transmembrane proteins (IFITMs) are a family of small
transmembrane proteins belonging to the interferon (IFN)-stimulated gene (ISG)
superfamily and strongly induced by IFNs. In this paper, we studied the expression
profile of IFITMs in 32 organ tissues. The IFITM mRNA expression profile showed that
IFITM1, IFITM2 and IFITM3 were expressed in each tissue, especially, in spermatophore,
spermaduct, testicle and epididymis. The expression of IFITM1, IFITM2 and IFITM3
showed a trend from high to low. Except for IFITM3 and IFITM6, the others IFITMs were
highly expressed in the bone marrow, and the expression level of them was higher in the
tibia than that in other parts of the long bones. In liver, the relative expression of IFITM1
and IFITM3 was higher than that of other members. The expression level of IFITM5 was
the highest in bone marrow, successively in pancreas, and it was low in skin, smooth muscle
and fat. Interestingly, the expression profile of IFITM2 and IFITM7 in tissues was similar to
IFITM5. The expression of IFITM2, IFITM5 and IFITM10 were higher in smooth muscle
than that in skeletal muscle. IFITM2, IFITM5, IFITM7 and IFITM10 were both highly
expressed in esophagus and trachea. In addition, the expression of IFITM6 in eyes was high,
and also in pancreas, gallbladder and bone. In the present study, we systematically analyzed
the mRNA expression profile of IFITMs in 32 organ tissues, providing the foundation for
the study of the function of the IFITMs.
Keywords: Rat, IFITMs, gene expression

1. Introduction
Interferons (IFNs), a group of low molecular
glycoproteins synthesized by host cells, was discovered
by Isaacs, who studied the interference factor about
influenza virus in chick embryo chorioallantoic
membrane (1). The following interferons are classified as
type I, including IFN-α and IFN-β, and type II including
IFN-γ only (2). INFs are a family of proteins that are
released by a variety of cells in response to infections
caused by viruses. A high level of antiviral protection
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is achieved by IFN-α, IFN-β and IFN-γ. Antiviral
activity of interferons is based on the induction and
regulation of innate and acquired immune mechanisms.
By binding to transmembrane receptors, INFs interact
with target cells activating the JAK/STAT pathways,
but also other signaling pathways (3). This leads to
induction and activation of many antiviral agents, such
as protein kinase RNA-activated (PKR), the expression
of interferon inducible transmembrane proteins (ISGs),
ribonuclease 2-5A pathway, and Mx proteins, as well
as numerous apoptotic pathways. As a result of the
protective effect of interferons, virus binding to cells is
stopped. Interferon inducible transmembrane protein
(IFITM) is a key class of proteins in the ISGs-regulated
expression products (4). The IFITM family has different
functions, including the control of cell proliferation,
promotion of homotypic adhesion, prevention of viral
infection, maturation of bone matrix mineralization,
regulation of germ cell development, etc (5-7).
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The human IFITM family consists of 5 members,
namely IFITM1, IFITM2, IFITM3, IFITM5 and
IFITM10, located on chromosome 11. Differently, the
mice IFITM family includes IFITM1, IFITM2, IFITM3,
IFITM5, IFITM6, IFITM7 and IFITM10. Except for
IFITM7 located in chromosome 16, other genes in mice
are located on chromosome 7. IFITM1, expressed in
leukocytes and endothelial cells, has anti-proliferation
functions and promotes homotypic adhesion (5,8,9).
In many cell lines, IFITM2 could cause the cell cycle
to stagnate and p53-dependent apoptosis (10). IFITM3
can inhibit the proliferation of cells (11-13). As a host
immune barrier, IFITM1, IFITM2 and IFITM3 play
an important role in the process of defense against
respiratory virus invasion (14-17). Recently, they also
have been reported as biomarkers of several tumors
(11,18-20). IFITM5 is a IFITM-like protein, only
expressed in human and mouse bone, especially in
osteogenesis cells (21). The point mutation of IFITM5
causes osteogenesis imperfecta type V (22), and the
overexpression of the mutant gene could promote Saos2
cell line apoptosis (23). IFITM6 was strongly expressed
in spleen macrophages of tumor bearing mice. The
IFITM10 sub-family is divided into two groups: aquatic
and terrestrial types, suggesting that IFITM10 might be
associated with adaptation to the aquatic environment.
In addition, IFITM10 with CTSD can be used as a
molecular marker for breast cancer (24). So far, no one
has reported the function of IFITM7.
In the present study, we analyzed the expression
pattern of IFITMs in different tissues of rats, providing
a theoretical foundation for further research on their
function.
2. Materials and Methods
2.1. Rat tissue collection
Rats (Wistar rats, male, 6-week-old) were purchased
from the Animal Experimental Center of Shandong
University. The study tissues compromised 32 organ
tissues, including lung, heart, spleen, stomach, pancreas,
liver, gallbladder, kidney, small intestine, large intestine,
esophagus, trachea, cartilage, humerus, ulna, thighbone,
tibia, eye, ear, skin, hair, spermatophore, spermaduct,
epididymis, testis, skeletal muscle, smooth muscle, fat,
brain, bone marrow and blood, etc. Each portion was
frozen in liquid nitrogen and stored at -80°C until RNA
was extracted. Total RNA was isolated with Trizol
reagent (Invitrogen) according to the manufacturer's
instructions.
2.2. Primer design
According to the IFITM family gene sequence on
GenBank, primers were designed using https://
lifescience.roche.com. Three pairs of primers were

designed for each IFITM gene, according to the Ct
value and the peak melting curve.
2.3. Reverse transcription (RT)-PCR analysis
Total RNA was isolated with Trizol reagent (Invitrogen)
according to the manufacturer's instructions. RNAs
from organ tissues were reverse-transcribed using
PrimeScript™ RT Master Mix (Perfect Real Time)
(Takara Biotechnology (Dalian) Co. Ltd.), and cDNAs
of IFITMs were amplified by PCR using mice IFITMs
specific primers. RT of RNA was performed in a final
volume of 20 μL containing Random Primer (100 pmol/
μL) of 1 μL, dNTP (10 mM) of 1 μL, 4 μg total RNA
and diethyl pyrocarbonate (DEPC)-treated water. After
incubation at 65°C for 5 min, 4 μL 5×PrimerScript
Buffer, 0.5 μL RNase Inhibitor (40 U/μL) and 1 μL
RNase (200 U/μL) were added, then the reaction was
incubated at 30°C for 10 min, 42°C for 60 min, 75°C
for 15 min and 4°C for 20 min. Quantitative PCR was
performed using LightCycler 480 (Roche). Quantitative
PCR was performed using LightCycler 480 (Roche). PCR
was performed in a final volume of 40 μL containing
10 μL SYBR Green Master I (Roche), 1 μL upstream
primers (10 mol/μL) and 1 μL downstream primers (10
mol/μL), 0.4 μL cDNA and 7.6 μL DEPC-treated water.
PCR was performed for 40 cycles (denaturation at 94°C
for 5 s, annealing at 55°C for 15s and extension at 72°C
for 15 s). The IFITMs mRNA copy numbers in organ
tissues were normalized to mRNA copy numbers of the
house keeping gene, β-actin to give a value ∆Ct. Other
samples were then normalized to the lung sample giving
∆∆Ct and finally the amount of IFITMs in organ samples
relative to the lung sample was expressed as 2−ΔΔCt. This
final value was used to determine the expression profile
in 32 organ samples.
3. Results
3.1. RT-qPCR primer design and screening
The primers used for beta-actin (control) were
5'-CCAGAGCAAGAGAGGTAT-3' (forward) and
5'-CTGTGGTGGTGAAGCTGTAG-3' (reverse). The
primer sequences of IFITMs are listed in supplementary
Table S1. According to the Ct value and the peak
melting curve, the best pairs we obtained are listed in
Table 1 and used in our study.
3.2. mRNA expression profiles of IFITMs in different
tissues
According to the RT-PCR, we obtained a result that
the IFITM1, IFITM2 and IFITM3 genes of the rat
were expressed in all 32 organ tissues examined
(Figure 1). In bone marrow, the relative expression
levels of IFITM1 and IFITM2 were higher, whereas
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Table 1 Ct value of IFITM genes by RT-QPCR
Name

Mean Ct

SD

IFITM1-1
IFITM1-2
IFITM1-3
IFITM2-1
IFITM2-2
IFITM2-3
IFITM3-1
IFITM3-2
IFITM3-3
IFITM5-1
IFITM5-2
IFITM5-3
IFITM6-1
IFITM6-2
IFITM6-3
IFITM7-1
IFITM7-2
IFITM7-3
IFITM10-1
IFITM10-2
IFITM10-3
β-Actin

33.90
33.96
34.76
33.66
33.00
33.01
32.92
33.11
36.37
37.91
37.74
37.92
32.71
37.29
33.53
30.92
32.11
31.79
40
40.00
31.53
26.61

0.211974841
0.424617475
0.21007935
0.140118997
0.146401275
0.321299445
0.130128142
0.31214313
0.482942371
0.160934769
0.972950838
0.077674535
0.176729549
0.362261416
0.167431578
0.102632029
0.317647603
0.060277138
0
0
0.17691806
0.060827625

Note: the marked primer was chosen to use in our study.
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IFITM3 was lower. In spleen, stomach, pancreas, liver,
gallbladder and kidney, the relative expression levels of
IFITM1 and IFITM3 were higher. Except for IFITM1,
the expression levels of IFITM2 and IFITM3 were
strong in skin and fat, while the relative expression
levels of IFITM2 and IFITM3 were higher in skeletal
muscle than in smooth muscle. In addition, the relative
expression levels of IFITM1, IFITM2 and IFITM3 in
bone were lower, however those in spermatophore were
highest and in epididymis were lowest in tissues of the
reproductive system.
The relative expression levels of IFITM5 and
IFITM10 in the bone marrow were highest, and
IFITM5 and IFITM10 were highly expressed only in
esophagus, trachea, skull, bone, eye, ear, hair and skin,
whereas they were expressed at a lower level in large
intestine, small intestine, brain, blood and the tissues
of the reproductive system. In smooth muscle, IFITM5
and IFITM10 expression was significantly higher than
that in skeletal muscle. The relative expression level of
IFITM5 was higher in pancreas and IFITM5 was also
expressed in fat (Figure 2).

Figure 1. The relative expression of IFITM1(1A), IFITM2(1B) and IFITM3(1C) in different rat tissues.
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Figure 2. The relative expression of IFITM5 and IFITM10 in different rat tissues.

Figure 3. The relative expression of IFITM6 in different rat tissues.
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Figure 4. The relative expression trends of IFITM2 and IFITM7 in different rat tissues.

The expression level of IFITM6 was the highest in
eye, higher in pancreas, gallbladder and bone, and very
low in spleen, intestine, brain and the tissues of the
reproductive system (Figure 3). The expression level
of IFITM7 was similar to IFITM2, with the highest in
skin, higher in the esophagus, eye, ear, hair, skeletal
muscle, smooth muscle and bone marrow, and lower in
other tissues (Figure 4).
4. Discussion
Interferon inducible transmembrane (IFITM) proteins,
playing an important role in cell proliferation,
adhesion and immune system regulation, are a recently
discovered family of cellular anti-viral proteins that
restrict the replication of a number of enveloped and
non-enveloped viruses. IFITM proteins are located in
the plasma membrane and endosomal membranes, the
main portals of entry for many viruses. The interferoninducible transmembrane proteins (IFITMs) are a
family of small transmembrane proteins belonging to
the ISG superfamily and strongly induced by IFNs
(25). The IFITM proteins are the distinct restriction
factors known to block viral entry, including restriction
of virus fusion with the late endosomal or lysosomal
compartments and penetration into the cytoplasm (4,26).
It has been shown that gene cluster IFTIM1, 2, and

3, the immune-related genes, are critically involved
in immune defense against a broad variety of viruses,
including influenza virus, dengue virus, filoviruses,
coronavirus, hepatitis C virus, lyssaviruses, and West
Nile virus (14,27-29). Bailey showed that IFITM3
was expressed in the epithelial cells of the airway
and visceral pleura, while IFITM1 and IFITM2 had
low expression in other parts of the body (30). In our
study, they were expressed in lung and trachea, but
also expressed in other tissues. These findings are
consistent with previous research that IFITM1, IFITM2
and IFITM3 were widely expressed in the human
body (4), and had a differential expression profile in
the development of primordial germ cells (13). The
relative expression levels of IFITM2 and IFITM3
in skin were significantly higher than those in other
tissues, suggesting that IFITM2 and IFITM3 may be
related to antiviral defense. In testis and epididymis,
spermatophore and spermaduct, IFITM1, IFITM2
and IFITM3 expression showed a trend from high to
low, while IFITM5, IFITM6, IFITM7 and IFITM10
expression is very low. IFITM7 expression is similar
to that of IFITM2, indicating that they have a similar
function. Moffatt reported that IFITM5 is related to
calcium deposition in bone (21). We found that IFITM5
was not only expressed in bone, but also expressed
in bone marrow, skin, pancreas and smooth muscle,
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and this is inconsistent with previous studies that
IFITM5 was only expressed in bone. The reason for
this difference may be that the specific expression of
IFITM5 in bone is only in certain mammals (21). In
the zebrafish model, IFITM5 was expressed in brain,
muscle and liver tissues with no expression in bone; in
the chicken model, its expression was high in muscle
and liver, low in brain and ovary, but none in bone
(31). Therefore, the expression level of IFITM5 in
bone is different in various species, indicating that the
IFITM5 gene may have other functions other than bone
mineralization.
In addition, IFITM10 was highly expressed in the
bone marrow; in smooth muscle, its expression was
significantly higher than that in skeletal muscle; in the
tissues of the intestinal and reproductive systems, it was
unexpressed. Thus, the expression profile of IFITM10
is similar to that of IFITM5. Their distribution may be
related to their gene homology (31), suggesting that
IFITM10 and IFITM5 have similar functions. It is
reported that IFITM10 was expressed in the brain and
spleen of mice, whereas not expressed in bone (31). The
expression level of IFITM10 in chicken was decreased
with the continuous development of embryonic germ
cells (32). IFITM10 had been reported in spleen tissues,
and we found that IFITM10 was also expressed in
esophagus, trachea, bone and muscle. IFITM6 was
highly expression in macrophages (7), however, our
results showed that IFITM6 was highly expressed in
eye but not in spleen. There are still a few studies on
IFITM6, IFITM7 and IFITM10. Currently, researchers
pay more attention to the mechanism of their resistance
to virus invasion and their relationship with tumors
(30,33). In the present study, mRNA expression profile
of IFITMs in different tissues was systematically
compared and analyzed in rats, providing a favorable
reference for revealing the functions of IFITMs. Next,
we will analyze the protein expression profile of the
IFITM family members.
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Supplemental Data
Supplementary Table S1. the IFITM primer sequence of rat
Gene name

Upstream primer sequence (5'-3')

Downstream primer sequence (5'-3')

IFITM1-1
IFITM1-2
IFITM1-3
IFITM2-1
IFITM2-2
IFITM2-3
IFITM3-1
IFITM3-2
IFITM3-3
IFITM5-1
IFITM5-2
IFITM5-3
IFITM6-1
IFITM6-2
IFITM6-3
IFITM7-1
IFITM7-2
IFITM7-3
IFITM10-1
IFITM10-2
IFITM10-3
β-Actin

TGAGATCTCCACGCCTGAC
GCTGAGATCTCCACGCCTG
CGACAACCACCACAATCAAC
CTGGTCCCTGTTCAATACGC
GGTCTGGTCCCTGTTCAATA
CGGTAGTCTTTCAGTCGCTTTC
CTGGTCCCTGTTCAATACGC
GTCTGGTCCCTGTTCAATAC
TCAACATGCCCAGAGAGGT
ATCTGTGCTGCCTTGGTTTC
CTGTGCTGCCTTGGTTTCCT
GCTGGTCCACTCTGTCAAGG
CTGGTCCACATTCAGCACA
TGTGGTTTACATCAACAGTGACA
GGGTTTCATTGCCTATGTCTACTC
GTGTTCAACGTGCCCAGAG
ACGCTCTTCATGAACTTCTGC
TGGTCTGGTCCCTGTTCAAT
GACACCACAGAGGTGAACGA
AGTAGGTGAGCGGTACTGGTG
TGGGAACAAAGTGGAGTGCT
GGCAATGAGCGGTTCCGAT

CCACCATCTTCCTGTCCCTA
ACCATCTTCCTGTCCCTAGA
CCATCTTCCTGTCCCTAGACTTC
CATCTTCCTGTCCCTGGACTT
CACCATCTTCCTGTCCCTGGA
TGTGGACAGATATACGAAGGT
ACCATCTTCCGATCCCTAGAC
CCACCATCTTCCGATCCCTAG
CCATCTTCCGATCCCTAGACT
GCTTTGGAGCCATACTGCTT
TTTGGAGCCATACTGCTTTG
GTCCCAGGAGCAGCAATG
CATCTTCCTGTCCCTGGACTT
CATCTTCCTGTCCCTGGACTT
TGATAAGTATGATGAAGCAGACGAC
ATTGAACAGGGACCAGACCA
TCTGCCGATCCCTACACTTC
TCTGCCGATCCCTACACTTC
GCTTCTTGTCCCGAACTTTG
GCCTGGGAATCCAGAAGG
CAGCCAGAGCCTGACTCAC
TGCCTGGGTACATGGTGGT
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Summary

Patients with acute myeloid leukemia (AML) often have a poor prognosis due to drug
resistance, which is regarded as a tough problem during the period of clinical therapeutics.
It has been reported that autophagy, an important event in various cellular processes,
plays a crucial role in mediating drug-resistance to cancer cells. Our study attempts to
comparatively investigate the differences of basic and induced autophagic activity between
drug-sensitive and multidrug-resistant AML cells. The level of basic autophagy in K562/
ADM cells was higher than that in K562 cells, which could be characterized by more
cytosolic contents-packaged autophagic vacuoles in K562/ADM cells when compared to
that in K562 cells. The observation of MDC staining showed that the fluorescent intensity
of autophagosomes in K562/ADM cells was stronger than that in K562 cells. The expression
of Beclin1 and the ratio of LC3-II to LC3-I were distinctly higher in K562/ADM cells,
however, P62 protein was relatively lower in K562/ADM cells. Furthermore, we found that
nutrient depletion could induce autophagic activity of both cell lines. However, autophagic
activity of K562/ADM cells was always maintained at a higher level in contrast with K562
cells. ADM (Adriamycin) was also capable of inducing autophagic activity of K562 and
K562/ADM cells, but the autophagic alteration in K562 cells appeared earlier. Taken
together, our findings suggest that autophagy exerts an important effect on formation and
maintenance of drug-resistance in AML cells.
Keywords: Autophagic activity, drug-resistance, acute myeloid leukemia

1. Introduction
Acute myeloid leukemia (AML) is a highly malignant
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hematological neoplasm, which is characterized by high
morbidity, poor prognosis and high cost of treatment,
leading it to be a malignant neoplasm with one of
the highest mortality rates (1). Plenty of therapeutic
drugs have been used to treat patients with AML and
good efficacy has been achieved (2). However, among
those refractory patients, both drug resistance and
poor prognosis appeared (3). Therefore, it is urgent
to investigate the differences between drug-resistant
and -sensitive AML cells, which may contribute to
dissection of mechanisms in drug resistance.
Autophagy is an important cellular process associated
with lysosome-mediated self-degradation in eukaryotic
cells (4). According to different manners of substrate
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degradation, autophagy is mainly classified into three
categories including microautophagy, chaperonemediated autophagy (CMA) and macroautophagy (5).
Macroautophagy, referred to autophagy hereinafter,
exerts its function through formation of autophagosomes
and subsequently being fused with lysosomes, triggering
substances being degraded by acid hydrolases.
Consequently, the catabolites including amino acids, fatty
acids, nucleotides and so on are recycled in cytoplasm
to reenter biological energy pathways, ultimately
maintaining structure and metabolism of cells (6).
It has been reported that multiples of ATG
(autophagy-related) proteins are recruited to tightly
regulate the occurrence of autophagy, during which
LC3 (microtubule- associated protein 1 light-chain 3)
plays critical roles in elongation and completion of
the autophagosome. In this process, the protein LC3
is cleaved at its C-terminus by Atg4B, resulting in
formation of LC3-Ⅰ. Subsequently, LC3-Ⅰ conjugates
with PE (phosphatidyl ethanolamine) and leads
generation of the form of membrane-bound LC3 that
called LC3-Ⅱ. LC3-Ⅱ is employed to the membrane of
the autophagosome and specifically mediates elongation
of the autophagosome. Therefore, the ratio of LC3Ⅱ to LC3-Ⅰ will become larger when the quantity of
autophagosomes increases (7). In addition to the shift of
LC3-Ⅰ to LC3-Ⅱ, another crucial ATG protein P62 that
interacts with ubiquitinated proteins through its UBA
domain (ubiquitin-associated domain) and then delivers
them to LC3-Ⅱ via another domain LIR (LC3-interacting
region) will be finally degraded in the autolysosome,
so the level of P62 has a contrary relationship with
autophagic activity (8).
Over the past few decades, basal autophagy was
reported to remove misfolded proteins and damaged
organelles to maintain cellular quality and health,
involved in many physical processes of cells such as
cellular turnover, differentiation and development (911). Abnormal basal autophagy can lead to various
human diseases including cancer, neurodegenerative
disorders, autoimmunity disease and inflammation
(12-15). Autophagy can be induced in response to
several stressors including: nutrient deprivation,
chemotherapeutics, hypoxia, pathogen infection and
endoplasmic reticulum stress (16-18). A larger body of
research has reported that autophagy which is promoted
by chemotherapeutic drugs in cancer cells, is related
to drug-resistance of tumor cells (19-21). Autophagy
is activated by doxorubicin in human colon cancer
LoVo cells, and this autophagic activation reduces the
sensitivity of cancer cells to doxorubicin (22). Enhanced
autophagy is a survival mechanism of drug-resistant
esophageal cancer cells treated with cisplatin (23). In
contrast, elemene can reverse the drug resistance of
the cisplatin-resistant lung adenocarcinoma cells by
promoting autophagy (24). To clarify the relationship
between autophagy and drug-resistance of AML cells,
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we tried to compare autophagic activity between K562/
ADM cells and ADM-sensitive K562 cells in different
environments such as the basic state, starvation and
ADM treatment.
2. Materials and Methods
2.1. Chemicals and antibodies
ADM was purchased from Kangbao biochemical
industry company (Wuhan); HCQ (hydroxychloroquine)
was bought from Tokyo Chemical Industry; MTT was
obtained from Sigma; newborn bovine serum was
from Rongye biotech company (Lanzhou); RPMI 1640
medium from Gibco; anti-P62, anti-LC3, anti-Beclin1
was from Cell Signaling Technology; anti-β-actin was
from Biovision; HRP-linked anti-rabbit or anti-mouse
IgG antibodies were from Boster biological technology
company (Wuhan).
2.2. Cell lines and culture
Human ADM-resistant AML cell line (K562/ADM
cells) and its parental cell line (K562 cells) were
both from Medical experimental center of Lanzhou
University. K562/ADM and K562 cells were grown
in RPMI 1640 Medium supplied with 10% inactivated
newborn bovine serum and 2 mmol/L L-glutamine at
37℃ in a humid atmosphere containing 5% CO2. The
viability of all cultured cells was determined for up to
95% before experiments were performed.
2.3. Cell proliferation assay (MTT)
Cells were seeded in 96-well plates at a density of
1×105 cells/mL in triplicate and were cultured with
ADM at indicated concentrations and times at 37℃.
MTT (5 mg/mL, 10 µL) was added to each well and
cultured for another 4 h, and then 100 µL of acidifying
sodium dodecyl sulfate (10%) was added to dissolve
the formazan. 24 hours later, optical density (OD)
was measured at 570 nm with a Powerwave X plate
reader (Bio-Tek, USA). Cell proliferation inhibition
rates were calculated using the following formula: cell
proliferation inhibition rate = [(ODcontrol – ODexperiment)/
ODcontrol] × 100% (25).
2.4. MDC staining
MDC has been reported to distinctively mark
autophagic vesicles (26). Cells were harvested and
washed twice with PBS. After resuspending in 1 mL
of PBS, cells were stained with 1 µL of MDC stocksolution (50 mmol/L) of which terminal concentration
reached 0.05 mmol/L for 30 min at 37℃ in the dark
(27). Subsequently, cells were gently washed with
PBS three times and observed under an IX81 inverted
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microscope (Olympus, Japan).
2.5. Transmission electron microscope detection
Cells were fixed with glutaraldehyde overnight at 4℃.
On the next day, after rinsing with PBS three times
each for 5 min, cells were fixed for 1.5 h with osmic
acid. Next, cells were rinsed with PBS again and
dehydrated in the following steps: 50% alcohol for 10
min, 70% alcohol for 10 min, 90% alcohol for 10 min,
100% alcohol for 10 min, 100% acetone for 10 min
twice. Subsequently, cells were embedded in an epoxy
resin overnight and then solidified for 12 h at 45℃.
Following slicing into sections, cells were stained with
uranyl acetate and lead citrate. Finally, the ultrastructure
of cells was observed under a JEM1230 transmission
electron microscope (JEOL, Japan) (28).
2.6. Real-Time quantitative RT-PCR
Total RNA was isolated from cells with a Trizol kit
following the manufacturer's specifications. Both the
concentrations and purity of extracted RNA samples
were determined by spectrophotometer. 500 ng of
each RNA sample was used to synthesize cDNA with
Prime Script RT Master Mix (Takara). Real-time PCR
was performed with SYBR Premix Taq Ⅱ (Takara) and
primers. The primers used are as follows: beclin1 forward:
5'-ACCTCAGCCGAAGACTGAAG-3', beclin1 reverse:
5'-AACAGCGTTTGTAGTTCTGAC-3'; β-actin forward:
5'-TGCTCCTCCTGAGCGCAAGTA-3', β-actin reverse:
5'–CCACATCTGCTGGAAGGTGGA-3'. After the
procedure was completed, the relative mRNA levels
of genes indicated were analyzed by software RotoGene6.0 (29).
2.7. Western blotting
C e l l s w e r e l y s e d i n R I PA b u ff e r w i t h P M S F
(PMSF:RIPA=1:100) for 30 min on ice and then
centrifuged for 15 min. Protein concentration of the
supernatant was measured using a BCA protein assay

kit. Equal amounts of protein from cell extracts were
separated by SDS-PAGE (sodium dodecyl sulfate
polyacrylamide gel electrophoresis) and transferred
onto a PVDF (polyvinylidene fluoride) membrane (30).
The membrane was incubated with primary antibodies
overnight at 4℃ and then with secondary antibodies
conjugated with horseradish peroxidase. Finally, the
protein level was determined using a chemiluminescent
approach in a dark room.
2.8. Statistical analysis
All data were statistically analyzed with the student's
t-test by utilizing SPSS 17.0 software. P-value < 0.05
was considered statistically significant.
3. Results
3.1. ADM inhibits the proliferation of K562 cells
greater than K562/ADM cells
To investigate the sensitivities of K562/ADM and
K562 cells to chemotherapeutic drug, we treated these
two cell lines with a gradually increased concentration
of ADM for different times as indicated. The MTT
assay showed that ADM inhibited the growth of K562/
ADM and K562 cells to various extents, and ADMinduced cytotoxicity in both cell lines was dose- and
time-dependent (Figure1A and 1B). We calculated IC50
values of ADM for K562 and K562/ADM cells, which
showed that IC50 values of ADM for K562 cells for
12 h, 24 h, 48 h were 2.63 ± 0.12, 1.04 ± 0.04, 0.25
± 0.05 µmol/L respectively and the corresponding
values for K562/ADM cells were 54.19 ± 0.87, 46.46
± 4.36, 15.44 ± 0.81 µmol/L (Figure1C). The degree of
ADM-resistance for K562/ADM cells was 20.6~62.9
fold greater when compared with that of K562 cells,
suggesting K562/ADM cells have more potential for
resistance to ADM than K562 cells.
3.2. K562/ADM cells show higher basic autophagic
activity than K562 cells

Figure 1. ADM inhibits the proliferation of K562 cells greater than K562/ADM cells. (A) K562/ADM cells were exposed to 1.5, 3,
6, 12 and 24 µmol/L ADM for 12, 24, 48 h, and then MTT assay was performed to detect cell viability; (B) K562 cells were treated
with 0.09, 0.18, 0.375, 0.75, 1.5 µmol/L ADM for 12, 24, 48h separately, and then MTT assay was performed to determinate cell
proliferation; (C) IC50 values of ADM for K562 and K562/ADM cells. Results are all presented as the mean ± Standard Deviation (SD)
of four separate experiments. **p < 0.01 versus K562 cells.
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Figure 2. K562/ADM cells show higher basic autophagic activity than K562 cells. (A) Autophagic morphology was observed by
fluorescent microscopy followed by MDC staining (×100) (a); Autophagosomes were observed by transmission electron microscope
(×8,000) (b); (B, C) Expression levels of LC3, P62 and Beclin1 were detected by Western blot; (D) Relative expressions of beclin1
mRNA in two cell lines were analyzed by real-time quantitative RT-PCR. Values are mean ± SD of three separate experiments. **p <
0.01 versus K562 cells.

To explore the relationship between autophagy
and ADM resistance, we first measured the basic
autophagy activities of K562/ADM and K562 cells.
After observation of autophagosomes in cells under
the fluorescent microscope followed by MDC staining,
we found that K562 cells exhibited weak fluorescent
intensity in the cytosol, whereas some bright foci could
be seen in K562/ADM cells (Figure 2A). A similar
result was also found using the transmission electron
microscope, a gold standard for determining autophagic
activity, which showed more cytosolic contentspackaged autophagic vacuoles in K562/ADM cells
when compared with K562 cells (Figure 2A). To further
verify the results above, we examined other autophagic
indicators such as LC3 and P62/SQSTM1. As shown
in Figure 2B and 2C, K562/ADM cells showed a much
higher ratio of LC3-Ⅱ to LC3-Ⅰ and relatively lower
P62 levels when compared with K562 cells, indicating
that K562/ADM cells had a higher level of autophagy
flux. In addition, beclin1 is one of the specific genes
involved in autophagy regulation. Our results displayed

the level of Beclin1, mRNA expression or protein
expression, was much higher in K562/ADM cells
compared to K562 cells, indicating that Beclin1 might
be involved in regulating basic autophagy of these two
cell lines (Figure 2C and 2D).
3.3. Starvation-induced autophagic activity of K562/
ADM and K562 cells
To compare the different autophagic variations between
K562/ADM and K562 cells in nutrition depletion, we
cultured the cells in serum- and amino acid-free EBSS
(Earle's Balanced Salt Solution) for different times.
After observing with the fluorescent microscope, we
found abundant fluorescent puncta distributed in the
cytosol of K562/ADM and K562 cells starved for 1h,
which showed stronger fluorescent intensity relative
to untreated cells (Figure 3A). A huge number of
typical autophagic vesicles were also observed using
the transmission electron microscope in the cytosol
of starved cells (Figure 3B). Western blot results
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Figure 3. Starvation-induced autophagic activity of K562/ADM and K562 cells. (A) K562/ADM and K562 cells were cultured
in EBSS for 0 h (a), 1 h (b), autophagic morphology was observed under a fluorescent microscope (×100); (B) Two cell lines were
cultivated in EBSS for 0 h (a), 1 h (b), autophagosomes were observed by transmission electron microscopy (×8,000); (C) K562/
ADM and K562 cells were cultured in EBSS for 0 h,1 h, 2 h, 4 h, 6 h. The levels of LC3, P62 and Beclin1 were determined by
Western blot. (D, E, F) Densitometric analysis of LC3-Ⅱ/LC3-Ⅰ, Beclin1 and P62 normalized to β-actin in K562/ADM and K562
cells starved for 0 h,1 h, 2 h, 4 h, 6 h; (G) Relative expressions of beclin1 mRNA in two cell lines starved for 0 h,1 h, 2 h, 4 h, 6 h
were analyzed by real-time quantitative RT-PCR. Values are presented as mean ± SD of three separate experiments. *p < 0.05, **p < 0.01
versus control cells (starvation for 0 h).

described that both the expression of Beclin1 and the
ratio of LC3-II to LC3-I reached peak value in 1hour
of starvation and then gradually decreased while the
degradation of P62 reached peak value after 2~4
hours of starvation. However, according to LC3-Ⅱ
level variation, it was found that autophagic activity
of K562/ADM cells always maintained a higher level
in contrast with that of K562 cells (Figure 3C-3F).
Additionally, the results of RT-PCR indicated beclin1
mRNA expression was enhanced in two cell lines after
starvation (Figure 3G). Taken together, autophagy
is induced in K562/ADM and K562 cells in a state

of nutrition depletion, however, starvation-induced
autophagic activity of K562/ADM cells is significantly
stronger than K562 cells.
3.4. ADM potentiates autophagic activity of K562/ADM
and K562 cells
To explore the different autophagic appearance in two
cell lines with ADM exposure, K562/ADM and K562
cells were treated with 35 µmol/L and 0.75 µmol/L of
ADM separately for 12 h or 24 h. Observing through
the fluorescent microscope and transmission electron
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microscope, ADM enhanced the intensity of fluorescent
dots and the amount of autophagic vacuoles in cytosol
of both cell lines (Figure 4). The same results were also
obtained in cells with exposure to HCQ, a recognized
autophagy inhibitor (Figure 4). To investigate whether
HCQ can inhibit ADM-induced autophagy, K562/ADM
and K562 cells were pre-treated with 16 µmol/L and 4
µmol/L HCQ respectively for 3 h before exposure to
ADM. We found HCQ resulted in upregulated intensity
of fluorescent dots and increased autophagic vacuoles
in K562/ADM and K562 cells with ADM treatment
(Figure 4).
It is acknowledged that the accumulation of
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autophagic vacuoles is attributed either to up-regulated
autophagosome generation or to down-regulated
autophagosome degradation (31). As Figure 5 showed,
ADM induced the rise of the LC3-Ⅱ/LC3-Ⅰ ratio and
Beclin1 expression along with a fall of P62 level, which
suggested that ADM promoted autophagy flux and the
accumulation of autophagic vacuoles induced by ADM
should be attributable to up-regulated autophagosome
generation. However, ADM-induced autophagic
alteration happened earlier in K562 cells with ADM
treatment for 12 h than in K562/ADM cells exposed to
ADM for 24 h. In addition, HCQ led to an increased
ratio of LC3-Ⅱ/LC3-Ⅰ and up-regulated P62 level in

Figure 4. The morphological changes of autophagy in ADM-induced K562 and K562/ADM cells. K562/ADM and K562 cells
were respectively treated with 35 and 0.75 µmol/L of ADM alone for 24 h, or 16 and 4 µmol/L of HCQ alone for 12 h, or were
pre-treated with HCQ for 3 h before exposure to ADM for 24 h. (A) Autophagy morphology was observed under a fluorescent
microscope (×100); (B) Cellular ultrastructure was observed by transmission electron microscopy (×8,000).
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the two cell lines, indicating HCQ hindered autophagy
progression and the accumulation of autophagic
vesicles induced by HCQ was derived from restrained
degradation of autophagy. Furthermore, HCQ increased
the level of LC3-Ⅱ and P62, and had a diminishing
effect on Beclin1 level in the case of cells exposed to
ADM, implying that HCQ was capable of inhibiting
ADM-induced autophagic activity by blocking the

degradation of the autophagosome. The relative
expression alteration of beclin1 mRNA detected by RTPCR was consistent with that analyzed by Western blot.
4. Discussion
Most AML patients are prone to acquire chemotherapy
resistance, which remains a troublesome obstacle for

Figure 5. ADM potentiates autophagic activity of K562/ADM and K562 cells. K562/ADM cells were exposed to ADM (35 µmol/L)
alone for 12 or 24 h, or treated with HCQ (16 µmol/L) alone for 12 h, or pre-treated with HCQ for 3 h before treatment with ADM
for 12 or 24 h. The same procedures were applied to K562 cells with different drugs concentration. In detail, K562 cells were treated
with ADM (0.75µmol/L) alone for 12 or 24 h, or HCQ (4 µmol/L) alone for 12 h, or treated with ADM for 12 or 24 h followed by
administration of HCQ for 3 h. (A) Western blot analysis for translation of LC3-Ⅰ to LC3-Ⅱ was performed on lysates from cells
treated as above; (B) Densitometric analysis of LC3-Ⅱ/LC3-Ⅰ normalized to β-actin; (C) Expression level of P62 was quantified by
Western blot; (D) Densitometric analysis of P62 was normalized to β-actin; (E) Beclin1 level was monitored by Western blot; (F)
Densitometric analysis of Beclin1 normalized to β-actin; (G) Beclin1 mRNA relative expression was detected by RT-PCR. Values
are mean ± SD of three separate experiments. **p < 0.01versus untreated cells. #p < 0.05, ##p < 0.01 versus ADM-treated cells.
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clinical therapy. Emerging evidence suggests that anticancer therapeutic agents can induce autophagy of
cancer cells (32), which may have a vital effect on drugresistance. Autophagy inhibition by CQ (chloroquine)
significantly enhances the sensitivity of DOX-resistant
human acute myelocytic leukemia HL60 cells to DOX
(33). Heterogeneous nuclear ribonucleoprotein K
(hnRNP K) may be associated with the development
of ADM resistance in AML by augmenting autophagy
(34). Inhibition of WAVE1 expression enhances the
sensitivity of leukemia cells to chemotherapy by
downregulating autophagy (35). All this research
indicates that autophagy is a mechanism involved in
chemotherapy resistance of various leukemia cells. To
further elucidate this problem, it is required to analyze
the differences of autophagic variation between AML
chemoresistant K562/ADM cells and sensitive K562
cells.
K562/ADM cells are a multidrug-resistant cell line
acquired by exposing K562 cells to step-wise increasing
concentrations of ADM. It is characterized by being
resistant not only to ADM, but also to mitoxantrone,
homoharringtonine, rubidomycin and etoposide (36).
K562/ADM cells appear to have sophisticated cross
drug-resistance to all these anti-cancer drugs with quite
different structures and functions. Our experiments
also showed that the IC 50 of K562/ADM cells was
20.6~62.9 fold greater than that of K562 cells, verifying
that K562/ADM cells were highly resistant to ADMinduced proliferation inhibition and apoptosis.
Here, we found that basic autophagy in K562/
ADM cells was distinctly higher than that in K562
cells, which could be indicated by more cytosolic
contents-packaged autophagic vacuoles, higher Beclin1
expression level and LC3-Ⅱ/LC3-Ⅰ ratio, and lower
P62 level in K562/ADM cells. Similar results are also
obtained in a multiple myeloma cell line, Pan et al. (37)
reported that expression level of LC3-Ⅱ was higher in
DOX-resistant RPMI8226/DOX cells than in DOXsensitive RPMI8226/S cells. Similarly, compared with
K562 cells, there is an increased PI3K/AKT/mTOR
signaling and enhanced autophagic activity in imatinibresistant human chronic myelogenous leukemia K562R
cells (38).
We further investigated the different autophagic
appearance between K562 and K562/ADM cells under
serum depletion. A report has described that activation
of autophagy is critical for cancer cellular survival
under nutrient starvation (39). Another report also
demonstrates that CD133-positive glioma cells exhibit
higher survival under starvation conditions, which
depends on induction of autophagy (40). Furthermore,
autophagy induced by amino acid starvation is
accelerated in the multidrug-resistant cells when
compared to parental cells, resulting in enhanced cell
survival capacity (41). Here, we found that starvationinduced autophagic activity of K562/ADM cells was
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significantly stronger relative to that of K562 cells,
which may decipher why K562/ADM cells possess
potent resistance to extra stressors. In conclusion, our
results showed K562/ADM cells exhibited a higher
basic and starvation-induced autophagy, indicating
autophagy exerts a vital effect on formation and
maintenance of drug-resistance in AML cells.
It is generally accepted that ADM, a canonical
anthracycline chemotherapeutic drug, can induce
cell death with apoptosis being involved (42). More
evidence shows that ADM is also capable of inducing
autophagy (43). Here we found that ADM induced
autophagy in both K562/ADM and K562 cells, but the
autophagic alteration in K562 cells appeared earlier,
which might be attributed to its lower basic autophagic
activity. In addition, HCQ suppressed autophagy flux
through blocking degradation of autophagosomes. In
line with this result, a recent study showed HCQ could
inhibit late stage of the autophagy process by hindering
lysosomal acidification (44). We also found that
HCQ inhibited ADM-induced autophagic activity by
restraining the degradation of the autophagosome.
Taken together, our findings suggest that autophagy
exerts an important effect on formation and maintenance
of drug-resistance in AML cells, however, the
mechanism is still not clearly defined and is required to
be investigated further and more deeply. However, our
findings provide some insight into understanding the
relationship between autophagy and chemoresistance in
AML patients.
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Summary

Cardiac transthyretin-related (ATTR) amyloidosis is a severe cardiomyopathy for
which therapeutic approaches are currently under development. Because non-invasive
imaging techniques such as cardiac magnetic resonance imaging and echocardiography
are non-specific, the diagnosis of ATTR amyloidosis is still based on myocardial biopsy.
Thus, diagnosis of ATTR amyloidosis is difficult in patients refusing myocardial biopsy.
Furthermore, myocardial biopsy does not allow 3D-mapping and quantification of
myocardial ATTR amyloid. In this report we describe a 99mTc-DPD-based molecular
imaging technique for non-invasive single-step diagnosis, three-dimensional mapping and
semiquantification of cardiac ATTR amyloidosis in a patient with suspected amyloid heart
disease who initially rejected myocardial biopsy. This report underlines the clinical value of
SPECT-based nuclear medicine imaging to enable non-invasive diagnosis of cardiac ATTR
amyloidosis, particularly in patients rejecting biopsy.
Keywords: Cardiac ATTR amyloidosis, nuclear cardiac imaging, quantification, amyloid burden,
myocardial biopsy, cardiac magnetic resonance imaging

1. Introduction
Cardiac transthyretin-related (ATTR) amyloidosis is
a rare but severe form of restrictive cardiomyopathy,
which is associated with clinical features of heart
failure and adverse outcomes (1). Currently new
promising therapeutic options based on pharmacological
stabilization of tetrameric TTR are currently under
development for the treatment of hereditary ATTR
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amyloidosis (1,2). However, ATTR amyloidosis is
often challenging to diagnose, since non-invasive
imaging techniques such as cardiac magnetic resonance
imaging and echocardiography are non-specific. Thus,
the diagnosis of ATTR amyloidosis is still based on
myocardial biopsy, which is associated with a risk of
several complications, including cardiac tamponade,
myocardial perforation, hematoma, transient right
bundle branch block, transient arrhythmias, tricuspid
regurgitation, and occult pulmonary embolism (3).
Moreover, myocardial biopsy does not allow a
3D-mapping and quantification of myocardial ATTR
amyloid. Here we describe a 99mTc-DPD-based molecular
imaging technique for non-invasive single-step diagnosis,
three-dimensional mapping and semiquantification
of cardiac ATTR amyloid in a patient with suspected
cardiac amyloidosis who initially rejected myocardial
biopsy.
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2. Case Presentation
We report the case of a 76-year-old man who presented
in 2016 with progressive dyspnea on exertion (New York
Heart Association class III). The patient denied chest
pain, syncope or palpitations. Furthermore, he reported
a history of progressive sensorimotor polyneuropathy.
Relevant coronary artery disease had previously been
ruled out using coronary angiography. A 12-lead-ECG
showed atrial fibrillation and low voltage (Figure 1A).
Echocardiography revealed diastolic dysfunction with
cardiac hypertrophy (septum thickness 15 mm) and
preserved left ventricular ejection fraction. Consistent
with heart failure with preserved ejection fraction
(HFpEF), NT-proBNP levels were elevated (4,983 pg/
mL). Contrast-enhanced cardiac magnetic resonance
imaging (CMR) showed a ubiquitous subendocardial
late gadolinium enhancement indicating cardiac storage
disease (Figure 1B) and raised the suspicion of cardiac
amyloidosis. Additional echocardiographic strain
imaging demonstrated inhomogeneous strain patterns
with reduced mid and basal myocardial longitudinal
strain, whereas apical segments were unaffected (Figure
1C). Laboratory testing for sarcoidosis, hemochromatosis
and monoclonal gammopathies proved negative.
Because all diagnostic results showed classical - though
unspecific - characteristics of cardiac ATTR amyloidosis,
we planned myocardial biopsy to confirm the diagnosis.
However, the patient rejected myocardial biopsy due to
personal reasons.
In light of potential treatment options for ATTR
amyloidosis with agents such as diflunisal or tafamidis
(1,2), we were challenged using a non-invasive technique
1. to confirm the diagnosis of cardiac ATTR amyloidosis
and 2. to quantify disease severity and clinical relevance
for the patient.
3. Results and Discussion
3.1. Non-invasive diagnosis of cardiac ATTR amyloidosis
A
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Gillmore and colleagues reported recently that
99m
Technetium-3,3-diphosphono-1,2-propanodicarboxylic
acid (99mTc-DPD) could be used to diagnose cardiac ATTR
amyloidosis with excellent sensitivity (> 99%) and high
specificity (~86%) (4). Although the exact mechanism
is not completely understood, 99mTc-DPD shows highly
preferential, potentially calcium-dependent, uptake in
myocardial amyloid infiltrations caused by extracellular
deposits of destabilized and dissociated TTR-tetramers
which form fibrils consisting of misfolded TTR-subunits
in a cross β-sheet structure (1,5).
In our patient, we performed a dual-phase bone
scintigraphy after injection of 705 MBq 99mTc-DPD
using a dual-head system for image acquisition (ECAM,
Siemens Healthcare, Erlangen, Germany). Whole body
scans were obtained at 5 min and 3 h p.i. revealing
inhomogeneous cardiac uptake (Figure 2). Considering
the patient's symptoms, clinical history and previous
diagnostic steps, the criteria for non-invasive diagnosis
of ATTR amyloidosis proposed by Gillmore and
colleagues were fulfilled (4).
3.2. Quantification and 3D-mapping of cardiac ATTR
amyloidosis
Quantification of myocardial disease severity is
important to determine clinical relevance of disease and
treatment success of emerging therapeutic strategies for
cardiac ATTR amyloidosis. However, quantification and
3D-mapping of cardiac ATTR amyloidosis using 99mTcDPD apart from visual assessment of planar images or
heart-to-contralateral ratio is unknown (5).
First, we performed 3D-mapping of cardiac amyloid
deposits and performed single photon emission
computed tomography (SPECT, Symbia, Siemens
Healthcare, Erlangen, Germany) 3.5 h p.i., which
showed inhomogeneous tracer distribution within the
heart with relative tracer absence in the apex, apical and
mid-cavitary anterolateral wall, whereas the remaining
myocardium revealed avid 99mTc-DPD uptake (Figure

B

C

Figure 1. (A), 12 lead ECG revealing atrial fibrillation and low voltage. (B), Late gadolinium enhancement (LGE) Inversion
Recovery-Sequence (4-chamber-view), showing subendocardial to diffuse intramyocardial LGE. (C), 2D strain analysis of
a 2 chamber-view showing preserved longitudinal strain of the apical LV-segments in contrast to the impaired longitudinal
strain of the medial and basal LV-segments ("apical sparing").
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Figure 2. (A), Left: Whole body scans 5 min and 3 h p.i. showing inhomogeneous cardiac 99mTc-DPD retention. Right section:
Cardiac SPECT/CT 3,5 h p.i. with regionally variable tracer distribution and relative tracer absence in the apex and midcavitary anterolateral wall. (B), 99mTc-DPD scan in a control patient on the same day. Neither analogous planar imaging 3 h p.i.
nor SPECT/CT 3,5 h p.i. reveales cardiac tracer uptake.

Figure 3. (A), Fusion of SPECT dataset 3,5 h p.i. and
CMR (Inversion Recovery-Sequence, 4-chamber-view) in
corresponding axial alignment demonstrates congruent
99m
Tc-DPD uptake and LGE with unaffected apical
segments. (B), Nuclear cardiac imaging using a multidetector SPECT system. Left: 99mTc-sestamibi scans (cationic
complex exclusively characterizing unscathed mitochondria
and vital cardiomyocytes), rest-only myocardial perfusion
examination. Upper row: The summary screen of the main
cardiac axes outlines no significant perfusion defects under
resting conditions. Middle: 3- and 2-dimensional polar mapping.
No significantly impaired left ventricular tracer uptake
compared to the reference database (99mTc-sestamibi). Depiction
as Defect Blackout Map. Bottom row: SRS ("Summed Rest
Score"), semiquantitatively reflecting the extent of the perfusion
defect (SRS ≤ 4 was regarded as normal). Right: 99mTc-DPD
scans 4 h p.i.. Tracer uptake in areas of presumed TTR-deposits.
Upper row: The summary screen shows left ventricular 99mTcDPD defects in the apex and mid-cavitary anterolateral wall.
Middle: The 3- and 2-dimensional Defect Blackout Maps show
a significantly impaired apical and mid-cavitary anterolateral
tracer uptake (reference database 99mTc-sestamibi), which
was regarded as unaffected myocardium. Bottom row: SNAS
("Summed Mon-Amyloid Score"), semiquantitatively reflecting
the extent of suspected TTR-free myocardium.

2). Then, SPECT and CMR data were merged into one
image and both showed identical diseased and healthy
segments of the heart (Figure 3A), suggesting that the
late gadolinium enhancement observed in CMR could
be explained by amyloid deposits.
For direct quantification of cardiac ATTR
amyloidosis, we applied a method analogous to the
well-established and validated techniques used in
myocardial perfusion SPECT (6): A multi-detector
SPECT system (Discovery NM 530c, GE Healthcare,
Chicago, Illinois, USA) optimized for cardiac imaging
and photon energy ranges between 40-200keV (99mTc:

Figure 4. (A), Histology of cardiac biopsy. At the top on
the left: eosinophilic deposits, hematoxylin and eosin stain
(H&E), ×400 magnification. At the top on the right: acellular
amorphic deposits, Congo red stain, ×400 magnification. At
the bottom on the left: typical fluorescence signal of amyloid
in a Congo red stained section viewed by fluorescence
microscopy, ×200 magnification. At the bottom on the
right: strong immunostaining of the amyloid deposits with
an anti-transthyretin-antibody, ×400 magnification. (B),
Ultrastructural analysis of the cardiac biopsy by electron
microscopy reveals the presence of irregular formed fibres.

140keV) was utilized to obtain 99mTc-DPD scans 4 h
p.i. (Figure 3B, right section). Additional myocardial
perfusion SPECT (7-day time interval) after injection
of 388 MBq 99mTc-sestamibi were used to quantify
viable myocardium and revealed no significant
perfusion defects under resting conditions (Figure 3B,
left section). Semiquantitative analysis of myocardial
perfusion and left ventricular amyloid were assessed
using polar mapping (Figure 3B, middle), a three- or
two-dimensional (voxel- or pixel-based) depiction of
the study's normalized cardiac activity counts compared
with a reference database (99mTc-sestamibi) and followed
by blacking out regions below a defined threshold of
database activity (Defect Blackout Map). For additional
semiquantitative scoring of myocardial perfusion
defects or amyloid deposits, polar maps comprising 17
segments were generated, each of which was assessed
separately with a score between 0 (i.e. no deviation
between database and study) and 4 (i.e. significant
deviation) (Figure 3B, bottom row). Concerning
myocardial perfusion under resting conditions, the
total score is referred to as "summed rest score" (SRS),
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which, inter alia, reflects areas of myocardial scar tissue
(6). Finally, to quantify left ventricular ATTR amyloid
burden, we propose to introduce a reciprocal "summed
non-amyloid score" (SNAS), which presumably reflects
the extent of unaffected myocardium. Its theoretical
range extends from SNAS = 0, i.e. massive 99mTcDPD uptake reflecting a homogeneously affected left
ventricle, to SNAS = 68, i.e. no 99mTc-DPD uptake and
therefore no detectable cardiac ATTR amyloidosis.
3.3. Myocardial biopsy confirmed imaging diagnosis
On the basis of these new results, the patient gave
informed consent to undertake myocardial biopsy.
Ultrastructural analysis by electron microscopy revealed
the presence of irregular formed fibrils and large deposits
of amyloid were found in Congo red stained tissue
sections showing a typical green birefringence under
polarized light and a characteristic fluorescence signal
in fluorescence microscopy (Figure 4). The amyloid
deposits were immunostained with an antibody directed
against transthyretin (Figure 4A). No immunostaining
was found with antibodies directed against lambdaand kappa light chain (not shown). Later genotyping
subclassified wild-type ATTR amyloidosis, as a
consequence the patient was referred to a specialized
center to assess further treatment options.
4. Conclusion

planning in patients who refuse myocardial biopsy,
but also regarding disease monitoring and response to
therapy.
Our report stresses the clinical value of 99mTc-DPDbased nuclear medicine imaging to provide a quick
and accurate diagnosis of cardiac ATTR amyloidosis,
particularly in patients refusing biopsy. Furthermore,
we describe for the first time a widely available SPECTbased technique for single-step diagnosis, threedimensional mapping and semiquantification of cardiac
ATTR amyloidosis. Future studies are warranted to
evaluate the suitability of 99mTc-DPD-based quantification
of myocardial ATTR amyloidosis for disease monitoring
and its response to medical therapy.
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Summary

Altered global methylation levels revealed LINE-1 methylation in young mothers of Down
syndrome (DS) compared to controls suggesting the possibility of impaired DNA methylation
causing abnormal segregation of chromosome 21. Methylene Tetrahydrofolate Reductase
(MTHFR) is one of the major enzymes of the folate metabolism pathway. MTHFR gene
polymorphism has been associated with maternal risk for DS. Studies have revealed that
increased MTHFR promoter methylation results in the reduction of MTHFR protein activity
further leading to increased risk of various diseases. The aim of this study is to compare the
levels of MTHFR promoter methylation in all three study groups. A total of 120 subjects were
recruited for the study and was divided into the following three groups: Group I (mothers of
DS without Congenital Heart Defects (CHD), n = 40); Group II (mothers of DS with CHD, n
= 40); and Group III (age matched control mothers, n = 40). Genomic DNA was isolated from
2 ml peripheral blood and bisulfite treatment was done to convert all unmethylated cytosines
into uracil followed by PCR amplification for MTHFR promoter region and Sanger's
sequencing. Results showed that there was a two fold increase in methylated promoter region
of MTHFR gene in group II compared to other groups. None of the methylation pattern
was observed in the control group. MTHFR promoter methylation affects folate metabolism
which is known to play a role in chromosomal breakage, abnormal chromosomal segregation
and genomic instability and therefore a developmental defect in the form of congenital
cardiac anomaly.
Keywords: Down syndrome, congenital heart defects, MTHFR promoter, sequencing

1. Introduction
Aberrant DNA methylation has been associated with
several diseases like cancers (1,2), diabetes (3) or
neurological diseases including Down syndrome (DS)
(4). DNA methylation leads to the addition of a methyl
group at 5' carbon of cytosine, which can bring changes
in DNA structure, altering the set patterns of gene
expression.
Congenital heart defects (CHD) account for a major
portion of life-threatening birth defects. Atrioventricular
Septal Defect (AVSD) and Ventricular septal defects
*Address correspondence to:
Prof. Sarita Agarwal, Department of Genetics, Sanjay Gandhi
Postgraduate Institute of Medical Sciences, Lucknow 226014,
India.
E-mail: saritasgpgi@gmail.com

(VSD) are common cardiac malformations in DS
cases (5,6). The relationship between DS and maternal
genetic polymorphism in folate/homocysteine
metabolism is well established. Folate is essential for
various cellular processes viz., synthesis of DNA,
RNA, methylation and embryonic developmental
processes including the cardiovascular system (7,8).
Folate deficiency may lead to stunted growth, anemia,
weight loss, digestive disorders and behavioral issues.
Reports of in vivo studies showed a decreased level of
folate causes hypomethylation leading to DNA strand
breakage and abnormal segregation of chromosomes
(9,10). Changes in folate metabolism lead to an increase
in DNA hypomethylation due to an altered DNA
methylation pattern thereby further increasing the risk
of chromosome nondisjunction (11).
Altered global methylation levels reveal LINE-1
methylation in young mothers of DS thus suggesting
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the possibility of impaired DNA methylation in
mothers of DS children causing abnormal segregation
of chromosome 21 (12). Also maternal folic acid
supplementation has been associated with a decreased
risk of congenital heart defects in DS babies (13).
The methylenetetrahydrofolate reductase (MTHFR)
gene is reported to be associated with the risk of CHD
in DS. It was also reported that promoter methylation
regulates MTHFR gene and increased MTHFR
promoter methylation was seen in DNA isolated from
cancer patients, patients with cardiovascular or renal
disorders, and placental DNA from women with preeclampsia. It was also observed that as the level of
promoter methylation in MTHFR gene increases, the
MTHFR protein activity is reduced, thereby increasing
the risk of various diseases (14,15). In this study, we
investigated MTHFR promoter methylation levels in
mothers of DS, mothers of DS with CHD and matched
healthy control mothers.
2. Materials and Methods
2.1. Study Subjects
A total of 120 subjects recruited in the present study
included three groups: Group I comprised of mothers
of DS without CHD (n = 40); Group II had mothers of
DS with CHD (n = 40); and Group III included agematched control mothers (n = 40). DS subjects were
recruited from outpatient clinics of 2 tertiary care
institutes in India, after obtaining informed consent.
The DS were enrolled in the study after confirmation
of karyotype and echocardiography to confirm the
presence or absence of AVSD. Quantitative Fluorescent
– Polymerase Chain Reaction (PCR) was also done
on DNA samples for confirmation of DS using
standard protocols. Ethical clearance was from the
ethics committee of the Institute where the work was
performed. Peripheral blood samples were available
from all hundred and twenty women and the age of all
the women ranged from 18 to 44 years.
2.2. Bisulfite treatment and sequencing
Genomic DNA was isolated from 2 mL peripheral
blood using standard Phenol Chloroform method
and quantified using Nanodrop spectrophotometer
(NanoDrop Thermo Scientific). The EpiTect Bisulfite
Kit (Qiagen, Milan, Italy) was used to convert
all unmethylated cytosines into uracil. Bisulfite
conversion of genomic DNA is divided into 4 steps:

denaturation, sulphonation, hydrolic deamination and
alkali desulphonation. Double-stranded genomic DNA
was first converted into single stranded before the
sulphonation step which proceeds with the addition of
bisulphite to cytosine. Later hydrolic deamination of
the cytosine-bisulphite derivative was done in order
to give a uracil-bisulphite derivative. Finally, alkali
desulphonation removed the sulphonate group through
alkali treatment which finally gave uracil. Bisulphite
treatment deaminated cytosine to uracil in singlestranded DNA. PCR amplification finally amplified
uracil to thymine and 5' Methyl cytosine residues to
cytosine, further distinguishing methylated CpGs from
unmethylated CpGs by the presence of a cytosine "C"
versus thymine "T" residue after sequencing.
PCR amplification was done for the MTHFR
promoter region. The CpG islands present in the
5'-untranslated promoter region of MTHFR; from +
30 to 184 from the TSS (transcription start site) was
studied. This region contains seven CpG islands and
the methylation levels of these CpG islands were found
to be associated with gene expression levels in human
lung cancer cells (16).
Table 1 shows the details of PCR reaction and
primers including: the sequence of primers used,
annealing temperature (Ta), amplicon length, the
location of promoter region studied and the number
of CpG islands it contained. PCR products were
visualised by standard ethidium bromide-agarose gel
electrophoresis. PCR purified products were directly
sequenced using an ABI 310 Automated Sequencer
(ABI, Foster City, CA, USA).
3. Results and Discussion
The age range of the mothers with DS babies was 18-45
years, with median age of 28.5 years. In the DS babies
with cardiac defects, the most common cardiac defect
was AVSD, comprising 62.5% cases. Other cardiac
defects included VSD, atrial septal defects (ASD) and
Tetralogy of Fallot (TOF). Mothers of DS with cardiac
defects were in Group II for the study.
The sequencing results of bisulfite converted
genomic DNA for all three groups showed that there
was a two fold increase in methylated promoter region
of MTHFR gene in group mothers of DS having CHD
compared to mothers of DS without CHD. However,
no methylation was observed in age matched control
mothers group (Figure 1). Figure 2 shows the pictorial
representation of CpG island frequencies in all three
study groups. CpG island methylation frequencies

Table 1. Sequence of primers, annealing temperature (Ta), amplicon size and number od CpG sites present
S.No.
1

Primer Sequences
F: 5'TTTTAATTTTTGTTTGGAGGGTAGT-3'
R: 5'AAAAAAACCACTTATCACCAAATTC-3'

Ta

Amplicon length

CpG sites

55°C

155bp

7
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Figure 1. Results of Sanger's sequencing using Bisulfite
converted DNA of both non- methylated and methylated
(patient's sample). The highlighted text in the nonmethylated and methylated sequences shows all seven CpG
sites which were methylated in patient's. Given below is the
electropherogram of methylated patient's sample.

Figure 2. Pictorial representation of CpG island frequencies
in all three groups. CpG island methylation frequencies were
found to be 24.4% and 75.6% in Group I and II respectively.
Note: No methylation was observed in group III.

were found to be 24.4% and 75.6% in Group I and II
respectively. No methylation was seen in the control
group.
Decreased folate level has been linked to aberrant cell
growth, impaired DNA methylation and chromosomal
damage (9,10). The presence of CHD in DS accounts
for 40% to 50% in which AVSD is the most common
form of CHD followed by VSD. Thyroid abnormalities
are also common in DS patients (17). Studies are now
focused on why some defects are more common in
DS children. The role of epigenetics is considered
important in causation of developmental defects.
A case-control study from Spain reported absence
of maternal folic acid supplementation was more
frequent in DS with atrioventricular septal defects (OR
= 1.69, 95% CI = 1.08 - 2.63) or atrial septal defects
(OR = 1.69, 95% CI= 1.11 - 2.58) compared to DS
without CHD (18). Thus, maternal supplementation
with folic acid is likely to be associated with reduced
risk of CHD in DS. This study revealed a significant
difference in methylation profiles in DNA isolated from
blood compared to DNA isolated from heart tissues.
Further, 22 samples from the heart showed increased
methylation in fetuses having DS compared to fetuses
having normal karyotypes (19,20). The present
paper focuses on the presence of CHD due to genetic
polymorphism present in the genes of folate metabolism
to their occurrence in DS offspring. MTHFR is one of
the major enzymes involved in the folate/homocysteine
metabolism pathway and MTHFR gene polymorphism

has been associated with maternal risk for DS progeny
(21,22,23). Several congenital complications are
reported in an individual with DS. Most of them
are affected by maternal carbon metabolism and
consequently can lead to epigenetic changes and hence
impaired chromosome segregation (24). The promoter
methylation of a gene is an epigenetic event which
leads to reduced expression of genes.
A similar study was conducted by Coppede et
al. in 2015 (7) in Italian mothers of DS along with
age-matched controls who conceived before 35
years of age. Authors have investigated MTHFR
promoter methylation levels and also searched for
correlation between MTHFR promoter methylation and
micronucleus frequency and found an increase in the
methylation level in mothers of DS when compared to
controls (33.3 ± 8.1% vs. 28.3 ± 5.8%; p = 0.001). The
frequency of micronucleated lymphocytes was also
found to be higher in mothers of DS group than control
mothers (16.1 ± 8.6‰ vs. 10.5 ± 4.3‰; p = 0.0004) and
it correlated with MTHFR promoter methylation levels
(r = 0.33; p = 0.006). The study concluded that MTHFR
methylation is likely to contribute to the increased
genomic instability observed in DNA isolated from
mothers of DS, and could play a role in the risk of birth
of a child with DS as well as in the onset of age related
diseases in those women. We investigated a CpG island
in the MTHFR promoter region in three groups (mothers
of DS with CHD, mothers of DS without CHD and
controls) and the methylation status was found to be
elevated in mothers of DS with CHD highlighting
the essential role of MTHFR promoter methylation
in occurrence of both CHD and DS in women of
reproductive age. These studies indicate that MTHFR
promoter methylation can be used as a biomarker for
screening mothers of DS for the presence of CHD
in these populations. However, this is the only study
reported in the literature which shows the association of
MTHFR promoter methylation with the occurrence of
CHD in mothers of DS. Furthermore, these studies can
also be conducted in other ethnic groups with a larger
sample size to confirm these findings.
In conclusion, MTHFR promoter methylation
affects folate metabolism, which is known to play a
role in chromosomal breakage, abnormal chromosomal
segregation and genomic instability and therefore a
developmental defect in the form of congenital cardiac
anomaly. The present study thus clearly highlights the
association of MTHFR promoter hypermethylation in
mothers of DS having DS babies with cardiac defects.
We reported increased promoter methylation in mothers
of DS with CHD when compared to mothers of DS
without CHD and healthy control mothers.
Acknowledgements
This research was supported by the Department

www.irdrjournal.com

Intractable & Rare Diseases Research. 2017; 6(4):295-298.
of Science and Technology, Ministry of Health,
Government of India (DST/Inspire fellowship/2012/499).
The study was also supported by Indian Council of
Medical Research. We are highly grateful to Sanjay
Gandhi Post Graduate Institute of Medical Sciences
(SGPGIMS), Lucknow, UP; for providing the
infrastructure for research work.

14.

References
1.
2.
3.

4.

5.
6.
7.

8.

9.
10.

11.

12.

13.

Heyn H, Esteller M. DNA methylation profiling in the
clinic: Applications and challenges. Nat Rev Genet. 2012;
13:679-692.
Das PM, Singal R. DNA methylation and cancer. J Clin
Oncol. 2004; 22:4632-4642.
Fradin D, Le Fur S, Mille C, Naoui N, Groves C, Zelenika
D, McCarthy MI, Lathrop M, Bougneres P. Association
of the CpG methylation pattern of the proximal insulin
gene promoter with type 1 diabetes. PLoS One. 2012;
7:e36278
Jin S , Lee YK ,Lim YC, Zheng Z, Lin XM, Ng DP,
Holbrook JD, Law HY, Kwek KY, Yeo GS, Ding C.
Global DNA hypermethylation in Down syndrome
placenta. Plos Genetics. 2013; 9:e1003515.
Asim A, Kumar A, Muthuswamy S, Jain S, Agarwal S.
Down syndrome: An insight of disease. J Biomed Sci.
2015; 22:41.
Hoffman JI, Kaplan S. The incidence of congenital heart
disease. J Am Coll Cardiol. 2002; 39:1890-1900.
Coppedè F. The genetics of folate metabolism and
maternal risk of birth of a child with Down syndrome and
associated congenital heart defects. Front Genet. 2015;
25; 6:223.
Canfield MA, Collins JS, Botto LD, Williams LJ, Mai
CT, Kirby RS, Pearson K, Devine O, Mulinare J, National
Birth Defect Preventin Network. Changes in the birth
prevalence of selected birth defects after grain fortification
with folic acid in the United States: Findings from a multistate population-based study. Birth Defects Res A Clin
Mol Teratol. 2005; 73:679-689.
Fenech M. Cytokinesis-block micronucleus assay evolves
into a "cytome" assay of chromosomal instability, mitotic
dysfunction and cell death. Mutat Res. 2006; 600:58-66.
Fenech M. Micronuclei and their association with
sperm abnormalities, infertility, pregnancy loss, preeclampsia and intra-uterine growth restriction in humans.
Mutagenesis. 2011; 26:63-67.
James SJ, Pogribna M, Pogribny IP, Melnyk S, Hine RJ,
Gibson JB, Yi P, Tafoya DL, Swenson DH, Wilson VL,
Gaylor DW. Abnormal folate metabolism and mutation
in the methylenetetrahydrofolate reductase gene may be
maternal risk factor for Down syndrome. Am J Clin Nutr.
1999; 70:495-501.
Boˇzovi'c IB, Stankovi'c A,ˇZivkovi'c M, Vranekovi'c
J, Kapovi'c M, Brajenovi'c-Mili'c B. Altered LINE-1
methylation in mothers of children with Down syndrome.
PLoS One. 2015; 10:e0127423.
Bean LJ, Allen EG, Tinker SW, Hollis ND, Locke AE,

15.

16.

17.
18.
19.

20.

21.

22.

23.
24.

298

Druschel C, Hobbs CA, Leary'O, Romitti PA, Royle
MH,Torfs CP, Dooley KJ, Freeman SB, Sherman SL.
Lack of maternal folic acid supplementation is associated
with heart defects in Down syndrome: A report from the
national Down syndrome project. Birth Defects Res A
Clin Mol Teratol. 2011; 91:885-893.
Khazamipour N, Noruzinia M, Fatehmanesh P, Keyhanee
M, Pujol P. MTHFR promoter hypermethylation in
testicular biopsies of patients with non-obstructive
azoospermia: The role of epigenetics in male infertility.
Hum Reprod. 2009; 24:2361-2364.
Wei LK, Sutherland H, Au A, Camilleri E, Haupt LM, Gan
SH, Griffiths LR. Apotential epigenetic marker mediating
serum folate and vitamin B12 levels contributes to the risk
of ischemic stroke. Biomed Res Int. 2015; 167976.
Botezatu A, Socolov D, Iancu IV, Huica I, Plesa A,
Ungureanu C Anton G. Methylenetetrahydrofolate
reductase (MTHFR) polymorphisms and promoter
methylation in cervical oncogenic lesions and cancer. J
Cell Mol Med. 2013; 17:543-549.
Dayal D, Jain P, Panigrahi I, Bhattacharya A, Sachdeva
N. Thyroid dysfunction in children with Down syndrome.
Indian Pediatr. 2014; 51:751-752.
Serra-Juhé C, Cuscó I, Homs A, Flores R, Torán N, PérezJurado LA. DNA methylation abnormalities in congenital
heart disease. Epigenetics. 2015; 10:167-177.
Guéant JL, Caillerez-Fofou M, Battaglia-Hsu S, Alberto
JM, Freund JN, Dulluc I, Adjalla C, MAurya F, Merle C,
Nicolas JP, Namour F, Daval JL. Molecular and cellular
effects of vitamin B12 in brain, myocardium and liver
through its role as co-factor of methionine synthase.
Biochimie. 2013; 95:1033-1040.
Rotondo JC, Bosi S, Bazzan E, Di Domenico M, De
Mattei M, Selvatici R, Patella A, Marci R, Toqnon M,
martini F.Methylenetetrahydrofolate reductase gene
promoter hypermethylation in semen samples of infertile
couples correlates with recurrent spontaneous abortion.
Hum Reprod. 2012; 27:3632-3638.
Wu W, Shen O, Qin Y, Niu X, Lu C, Xia Y, Song
L, Wang X. Idiopathic male infertility is strongly
associated with aberrant promoter methylation of
methylenetetrahydrofolate reductase (MTHFR). PLoS
One. 2010; 5:e13884.
Vaissière T, Hung RJ, Zaridze D, Moukeria A, Cuenin C,
Fasolo V,Ferro G, paliwal A, Hainaut P, Brennan P, Tost
J, Boffetta P, Herceq Z. Quantitative analysis of DNA
methylation profiles in lung cancer identifies aberrant
DNA methylation of specific genes and its association
with gender and cancer risk factors. Cancer Res. 2009;
69:243-252.
Obeid R. The metabolic burden of methyl donor
deficiency with focus on the betaine homocysteine
methyltransferase pathway. Nutrients. 2013; 5:3481-3495.
Blom HJ, Smulders Y. Overview of homocysteine
and folate metabolism: With special references to
cardiovascular disease and neural tube defects. J Inherit
Metab Dis. 2011; 34:75-81.
(Received October 13, 2017; Revised November 21, 2017;
Accepted November 23, 2017)

www.irdrjournal.com

299

Intractable & Rare Diseases Research. 2017; 6(4):299-303.

Brief Report

DOI: 10.5582/irdr.2017.01037

Steroid-resistant nephrotic syndrome caused by co-inheritance of
mutations at NPHS1 and ADCK4 genes in two Chinese siblings
Hongwen Zhang, Fang Wang, Xiaoyu Liu, Xuhui Zhong, Yong Yao, Huijie Xiao*
Department of Pediatric, Peking University First Hospital, Beijing, China;

Summary

Hereditary nephrotic syndrome often presents with steroid-resistance and onset within
the first year of life. Mutations in genes highly expressed in podocytes have been found
in two thirds of these patients, especially NPHS1 and NPHS2 among at least 29 genetic
causes that have been discovered. We reported two siblings with steroid-resistant nephrotic
syndrome caused by co-inheritance of mutations at NPHS1 (c.1339G>A, p.E447K) and
ACDK4 (c.748G>C, p.D250H) genes. The siblings presented with steroid-resistant nephrotic
syndrome and pathological lesions of focal segmental glomerulosclerosis (FSGS), while the
elder sister also developed hypertension, renal failure and cardiac dysfunction.
Keywords: Steroid-resistant nephrotic syndrome, NPHS1, ADCK4, China

1. Introduction
Nephrotic syndrome is the most common glomerular
disease encountered during childhood. It is
characterised by significant proteinuria (early morning
urine protein with creatinine ratio greater than 200
mg/mmol) leading to hypoalbuminaemia (plasma
albumin of less than 25 g/L). Following the reduction
in circulating proteins there is a drop in plasma oncotic
pressure which manifests as generalised edema. The
clinical triad of edema, nephrotic range proteinuria and
hypoalbuminaemia defines nephrotic syndrome. This
triad is typically accompanied by dyslipidaemia with
elevated plasma cholesterol and triglycerides (1).
Nephrotic syndrome can be classified by the etiology
into primary (hereditary), secondary and idiopathic
one. Hereditary nephrotic syndrome often presents with
steroid-resistance and onset within the first year of life,
sometimes beginning at late childhood or even adulthood.
Mutations in genes highly expressed in podocytes have
been found in two thirds of these patients, especially
NPHS1, NPHS2, WT1, LAMB2 and ADCK4 among the
discovered at least 29 genetic causes (2-7).
Released online in J-STAGE as advance publication November
27, 2017.
*Address correspondence to:
Dr. Huijie Xiao, Department of Pediatric, Peking University
First Hospital, No.1 Xi An Men Da Jie, Beijing 100034, China.
E-mail: huijiexiao2@hotmail.com

We reported here steroid-resistant nephrotic
syndrome caused by co-inheritance of mutations at
NPHS1 and ACDK4 genes in two Chinese siblings.
2. Materials and Methods
2.1. Participants
This work was carried out with human research ethics
approval from the Peking University First Hospital,
and it followed the guidelines of the 2000 Declaration
of Helsinki and the Declaration of Istanbul 2008. All
patients and their family members gave their consent
for inclusion in this study.
2.2. Methods
Genetic analysis was performed in the genetics
laboratories of MyGenostics biotechnology companies
in China, using "the hereditary nephrotic syndrome
panel" which includes NPHS1, NPHS2, ADCK3,
ADCK4, PLCE1, WT1, CD2AP, ACTN4, TRPC6,
INF2, LMX1B, LAMB2, GLA, ITGB4, SCARB2, COQ2,
COQ4, COQ9, PDSS2, MTTL1, CRB2, MIF, APOL1,
and SMARCAL1 (8,9). In order to exclude Alport
syndrome, COL4A3, COL4A4, and COL4A5 gene were
also analyzed.
Genomic DNA was isolated from peripheral blood
of the siblings and their parents using the salting-out
method. Target sequences of exons and their flanking
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sequences about 50 bp were captured using Agilent
probes and sequenced using a NGS sequencer Genome
Analyser IIx (GAIIx, Illumina) and Illumina/Solexa
platforms. The expected segregation of putative
mutations was confirmed in families, whenever
possible, and their absence was confirmed in SNPs
databases of common benign variants (http://exac.
broadinstitute.org/, http://www.1000genomes.org/,
http://snp.ims.u-tokyo.ac.jp and http://www.ncbi.nlm.
nih.gov/projects/SNP/). Human Splicing Finder (http://
www.umd.be/HSF/) and Mutation tasting (http://
mutationtaster.org/) were used for analysis on splicing
mutation and other mutations, respectively. If a novel
mutation was found, 100 normal Chinese controls
would be examined directly using PCR amplification
and sequencing techniques.
2.3. Case presentation
Case 1: An 11-year-old girl (elder sister) was hospitalized
to our hospital on October 11, 2013 with the complaint
of edema and proteinuria for 22 months, dyspnea and
weakness for 8 months. She was found with edema 22
months ago, which wasn’t taken seriously. Dyspnea and
weakness appeared 8 months ago. Laboratory tests in
local hospital showed anemia (hemoglobin 77.3 g/L),
abnormal renal function (Scr 927 μmol/L, BUN 23 mol/
L), proteinuria (174 mg/kg/24h) and hypoalbuminemia
(25 g/L). Renal biopsy yielded 33 glomeruli under
light microscopy, which included 4 globally sclerotic
glomeruli, the others showed mesengial hypercellularity
and matrix hyperplasia with 6 focal segmental sclerosis,
tubular epithelia vacuolar and granular degeneration
without atrophic tubules and interstitial fibrosis.
Immunohistochemical studies showed moderate granular
C3 and IgM staining of the basal membranes and
mesangium. Electron microscopy revealed glomerular
basement membrane (GBM) to be not abnormal; no
electron-dense deposits were identified within the
mesangial and GBM; mesangial hypercellularity and
matrix increase combined with sclerosis were present.
She was given hemodialysis and maintenance therapy.
Her anuria lasted for three months, and she came to our
hospital for further diagnosis and treatment.
There was no abnormal birth and past medical
history, but a consanguineous family history of father
and mother being first cousins.
At admission, her blood pressure was high (140/90
mmHg). Her height was 140 cm, weight was 30 kg and
pulse was 120 beats per minute. Physical examination
showed cardiac dilatation with a grade 2 precordial
systolic murmur, hepatomegaly and splenomegaly
(6 and 5 cm below rib cage, respectively). No
neurodevelopmental and ophthalmologic deficits were
observed. Laboratory tests in our hospital revealed
hemoglobin to be 90 g/L, Scr 739 μmol/L and BUN
22. 2 mol/L; type B natriuretic peptide was 4982 pg/
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mL. Her liver function was normal. There was no
evidence of virus infection such as Epstein-Barr virus,
cytomegalovirus or hepatitis virus. Autoimmune profile
was within normal range including compliments, antinuclear antibody, anti-double-stranded DNA antibody,
and anti-neutrophil cytoplasmic antibodies. Ultrasonography and MRI showed atrophy of renal bodies
(6.0 × 2.5 vs. 6.0 × 2.2 cm), the border of cortex
and medulla was not clear but without polycystic
lesions. No cysts were found in liver and pancreas.
Echocardiography showed left ventricular enlargement
and hypertrophy, with a decreased ejection fraction (EF)
value of 10 percent.
Because their parents were consanguineous and
her litter brother (see case 2) also had steroid-resistant
nephrotic syndrome, hereditary nephrotic syndrome
was suspected.
Case 2: A 2-year and-7-month-old boy (litter
brother) was hospitalized to our hospital on November
07, 2013 with a complaint of edema and proteinuria for
7 months. Laboratory tests in the local hospital showed
proteinuria (189 mg/kg/24h), hypoalbuminaemia
(22.5 g/L) hypercholesterolemia (6.12 mmol/L) and
microscopic hematuria (RBC 10~30/HP). His renal
function was abnormal (Scr 28 μmol/L and BUN 2.6
mol/L). He was treated for nephrotic syndrome with full
dose of prednisone for 8 weeks without response. The
subsequent courses of cyclophosphamide pulse therapy
(total 150mg/kg) proved futile. He came to our hospital
together with his elder sister for further diagnosis and
treatment.
There was no abnormal birth and past medical
history, but a consanguineous family history of father
and mother being first cousins.
At admission, his blood pressure was normal
(95/65 mmHg). His height and weight were normal.
Physical examination showed no positive signs. No
neurodevelopmental and ophthalmologic deficits were
observed. Laboratory tests in our hospital revealed
heavy proteinuria (158 mg/kg/24h); urine microalbumin
was 2290 while α1-microglobin was 18.6 mg/L.
Albuminaemia (23.8 g/L) and cholesterolemia (8.45
mmol/L) were also shown positive. Scr was 28 μmol/
L, BUN was 3.1 mol/L and hemoglobin was 140 g/
L. There was no evidence of virus infection such
as Epstein-Barr virus, cytomegalovirus or hepatitis
virus. Autoimmune profile was within normal range
including compliments, anti-nuclear antibody, antidouble-stranded DNA antibody, and anti-neutrophil
cytoplasmic antibodies. Ultra-sonography and MRI
showed enlarged renal bodies (7.5 × 3.2 vs. 7.3 × 3.0
cm), the border of cortex and medulla was not clear,
with enhanced echo and without polycystic lesions.
No cysts were found in liver and pancreas. Brain MRI
showed no abnormal findings. Echocardiography
showed normal heart function with an EF value of
69 percent. Renal biopsy yielded 46 glomeruli under
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Table 1. Genetic analysis results of the families
Gene
NPHS1
ADCK4

Case 1
c.1339G>A (p.E447K), Hom*
c.748G>C (p.D250H) Hom

Father

Case 2
c.1339G>A (p.E447K) Hom
c.748G>C (p.D250H) Hom

c.1339G>A (p.E447K) Het*
c.748G>C (p.D250H) Het

Mother
c.1339G>A (p.E447K) Het
c.748G>C (p.D250H) Het

*: Hom: homozygous; Het: heterozygous.

light microscopy, which included 3 globally sclerotic
glomeruli, the others showed mesengial hypercellularity
and matrix hyperplasia with 5 focal segmental sclerosis,
tubular epithelia vacuolar and granular degeneration
with interstitial fibrosis. Immunohistochemical studies
showed moderate granular C3 (1+ ~ 2+) staining of the
mesangium. Electron microscopy revealed irregular
thickening and segmental layering of the glomerular
basement membrane, segmental fusion of the epithelial
foot process; no electron-dense deposits were identified;
mesangial hypercellularity and matrix increase combined
with sclerosis were present.
Because their parents were consanguineous and
his elder sister (see case 1) also had steroid-resistant
nephrotic syndrome, hereditary nephrotic syndrome was
suspected.
3. Results and Discussion
Genetic analysis results showed that both of the
siblings carried a homozygous mutation in exon 11
c.1339G>A (p.E447K) in the NPHS1 gene and a
homozygous mutation in exon 9 c.748G>C (p.D250H)
in the ADCK4 gene. Their father and mother carried
the same heterozygous mutations as the siblings. The
parents showed no proteinuria, hematuria, and their
renal function was normal. No variations were found on
NPHS2, WT1, COL4A3, COL4A4 and other associated
genes. See Table 1.
The p.E447K mutation of NPHS1 was found
in the SNPs databases rs28939695, A = 0.0070/35
and 0.002898/347 in 1000Genomes and ExAX,
respectively. Mutation tasting analysis showed amino
acid sequence changed heterozygously in TGP or
ExAC, known disease mutation at this position (HGMD
CM004008), protein features might be affected, known
disease mutation could be pathogenic. And it was not
found in 100 normal Chinese controls.
The p.D250H mutation of ADCK4 was found 3 in
ExAX (19-41209497-C-T, A = 2.514e-05) but not in
1000Genomes. Mutation tasting analysis showed that
amino acid sequence was changed, protein features
might be affected. And also it was not found in 100
normal Chinese controls.
The elder sister was changed from hemodialysis to
peritoneal dialysis, given metoprolol tartrate, losartan
potassium, coenzyme Q10 synthetic and maintenance
therapy. With a follow-up of 24 months, her renal
function remained stable (Scr 368 ~ 453 μmol/L, BUN

12.5 ~ 18.8 mol/L) and blood pressure was normal (100
~ 120/75 ~ 90 mmHg) while her heart function showed
no improvement (EF value of 15 ~ 25 percent).
The litter brother was treated with prednisone
and tacrolimus for 6 months, his proteinuria variated
from 86 to 136 mg/kg/24h. Prednisone and tacrolimus
were withdrawn after the genetic diagnosis, he was
also given coenzyme Q10 synthetic and maintenance
therapy. With a follow up of 24 months, his renal
function showed a slight increase (Scr 45 ~ 56 μmol/
L, BUN 6.8 ~ 11.5 mol/L), blood pressure remained
normal (90 ~ 115/60~85 mmHg), proteinuria variated
between 86~136 mg/kg/24h, heart functionwas normal
(EF value of 62 ~ 71 percent).
Nephrotic syndrome (NS) is a clinicopathological
entity characterized by proteinuria, hypoalbuminemia,
peripheral edema, and hyperlipidemia. It is the most
common cause of glomerular disease in children and
adults. Classically, 80% of cases in the pediatric age
group are steroid sensitive nephrotic syndrome (SSNS),
while the remaining 20% are called steroid-resistant
nephrotic syndrome (SRNS). SRNS is characterized
by a rapid progression to end-stage kidney disease
(ESKD) with apathological lesion of focal and segmental
glomerulosclerosis (FSGS), and it is the most common
glomerular cause of ESKD (10). Inherited structural
defects of the glomerular filtration barrier are responsible
for a large proportion of SRNS cases (2-7). Classically,
mutations in the NPHS1 and NPHS2 genes have been
distinguished by their implications in familial congenital
(onset at birth to 3 month) and in childhood-onset (later
than 3 month) cases, respectively (5,11). Furthermore,
it has recently been shown that mutations in NPHS1
also account for a nonnegligible proportion of infantile,
childhood and adult-onset SRNS cases (12-14). ADCK4
gene, which located on chromosome 19q13.2 and
encodes the aarF domain containing kinase 4, is now
well-known as a single-gene cause of SRNS (15-17).
However, there was no report on SRNS caused by coinheritance of mutations of NPHS1 and ACDK4 genes.
Our two siblings both presented with SRNS
and pathological lesions of focal segmental
glomerulosclerosis (FSGS), the elder sister also had
hypertension, renal failure and cardiac dysfunction. They
were from a consanguineous family. Genetic analysis
showed that both of the siblings carried a homozygous
mutation c.1339G>A (p. E447K) in the NPHS1 gene and
a homozygous mutation c.748G>C (p. D250H) in the
ADCK4 gene. Their father and mother carried the same
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mutations heterozygously as the siblings but without any
abnormal manifestations.
Both of the mutations are analyzed by Mutation
tasting to be disease-causing. The E447K mutation
of NPHS1 had been reported previously in congenital
nephrotic syndrome (CNS), which is within motif Ig5
and is unlikely to affect the function of nephrin because
both glutamic acid and lysine are hydrophilic (18).
However, the onset ages of the siblings are 9-year and
2-year old respectively, they are childhood and infantile
nephrotic syndrome but not CNS. The onset ages of
SRNS caused by ADCK4 mutation are generally late
that range from 7 ~ 21 years old when patients develope
ESRD to 7 ~ 23 years old when they were found with a
renal pathology of FSGS (16). ADCK4 is thought to be
an important differential diagnosis to consider in case
of adolescent-onset multidrug-resistant proteinuria with
FSGS on biopsy (15). We are not sure which mutation
is the main genetic cause of our SRNS siblings although
their pathologic results are both FSGS.
There are reports on digenic inheritance of NPHS1
and NPHS2 mutations in congenital FSGS (19), TRPC6
and NPHS1 mutations in FSGS (20), respectively. We
confirm an overlap in the NPHS1/ADCK4 mutation
spectrum with a unique characterization which results
in a second hit and appears to modify the phenotype.
This may result from an epistatic gene interaction,
and provides a rare example of multiple allelic hits
being able to modify an autosomal recessive disease
phenotype in humans. The elder sister showed ESRD
and especially severe heart function failure, besides
relating to ESKD and hypertension itself, which might
be explained by the D250H in ADCK4 gene. Our
findings provide the first evidence for a functional interrelationship between NPHS1 and ADCK4 in human
nephrotic disease, thus underscoring their critical role
in the regulation of glomerular filtration (19).
Coenzyme Q10 (CoQ10) is an essential component
of eukaryotic cells and is involved in crucial
biochemical reactions such as the production of ATP in
the mitochondrial respiratory chain, the biosynthesis
of pyrimidines, and the modulation of apoptosis.
CoQ10 requires at least 13 genes for its biosynthesis
(21). Mutations in these genes cause primary CoQ10
deficiency, a clinically and genetically heterogeneous
disorder. To date mutations in 8 genes (PDSS1, PDSS2,
COQ2, COQ4, COQ6, ADCK3, ADCK4, and COQ9)
have been associated with CoQ10 deficiency presenting
with a wide variety of clinical manifestations. Onset
can be virtually at any age, although pediatric forms
are more common. Symptoms include those typical
of respiratory chain disorders (encephalomyopathy,
ataxia, lactic acidosis, deafness, retinitis pigmentosa,
hypertrophic cardiomyopathy), but some (such as
steroid-resistant nephrotic syndrome) are peculiar to
this condition (22).
Primary CoQ10 deficiency is caused by mutations
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in COQ genes, while secondary deficiencies are
related to defects in genes not directly involved in
CoQ10 biosynthesis, or to non-genetic factors such
as fibromyalgia. The peculiarity of CoQ10 deficiency
among mitochondrial disorders is that patients respond
well to oral supplementation with CoQ10, making this
the only currently treatable mitochondrial disorder.
High-dose oral CoQ10 supplementation can stop the
progression of the encephalopathy (23) and also of
the renal manifestations in patients with COQ2 (24),
COQ6 (25) and ADCK4 (16) mutations. However, oral
CoQ10 supplementation showed no response on heart
function in our elder sister, maybe because it was too
late for her disease course. It is known that oral CoQ10
supplementation treatment should start as early as
possible in the course of the disease, because, although
it is possible to stop the progression of the disease, once
damage in critical organs such as heart or kidney is
established, only minimal recovery is possible (24). It
needs further follow up to observe whether oral CoQ10
supplementation could delay or prevent ESRD and
heart problem in our litter brother. It was a pity that we
could not detect the levels of CoQ10 in our two cases.
In conclusion, we were the first to report two
childhood SRNS cases with FSGS caused by coinheritance of mutations at NPHS1 and ACDK4 genes
in China, one case also developed ESRD and presented
with especially severe heart function failure. Our
findings provide the first evidence for a phenotype interrelationship between NPHS1 and ADCK4 in human
nephrotic disease.
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Summary

Inflammatory fibroid polyps (IFP) are an extremely rare entity that arise within the
submucosa of the gastrointestinal tract, and represent less than 0.1% of all gastric polyps.
They are most commonly localized to the gastric antrum, small intestines and recto-sigmoid
colon. IFPs are most commonly found incidentally upon endoscopic evaluation in the absence
of symptoms. Presenting symptoms depend on the location of the tumor, although polyps
located in the stomach most commonly present with epigastric pain and early satiety. Classic
histologic features include perivascular onion skinning of spindle cells with an abundance of
eosinophilic infiltration. The prompt diagnosis and management of IFP is essential due to its
underlying risk for intussusception, outlet obstruction and acute hemorrhage. In addition,
recent evidence has shown that IFP is driven by an activating mutation in the platelet derived
growth factor receptor alpha (PDGFRA) gene, suggesting a neoplastic etiology. Herein, we
discuss a case of a 65-year-old woman with an inflammatory fibroid polyp of the gastric
antrum who initially presented with early hypovolemic shock and melena. Diagnosis was
made by endoscopic visualization, biopsy and immunohistochemical analysis.
Keywords: Inflammatory fibroid polyp, vanek tumor, gastric polyp, platelet derived growth factor
receptor alpha, benign neoplasms of the gastrointestinal tract

1. Introduction
Inflammatory fibroid polyps (IFP) are an extremely rare
entity that arise within the gastrointestinal tract, and
represent less than 0.1% of all gastric polyps (1). These
lesions most commonly affect older adults, especially
those localizing to the gastric antrum. In children, IFPs
more commonly occur in the small intestines and present
as intussusception (2). IFPs arise from the submucosa and
penetrate through the lamina propria leading to bulging
of the mucosal layer. Rarely, they can ulcerate through
the mucosa causing hemorrhage, leading to progressive
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blood loss and symptoms related to hypovolemic shock.
Herein, we discuss a case of an adult woman who
initially presented with a recent history of orthostatic
hypotension and melena who was found to have an
IFP of the gastric antrum evaluated by endoscopic
visualization, biopsy and immunohistochemical analysis.
A discussion involving the pathological characterization
and management of IFP, followed by a brief review of
the literature, is included in this article.
2. Case Report
A 65-year-old Puerto Rican woman with a past medical
history of hypertension and asthma first presented
to the emergency department with a one-day history
of lightheadedness and a recent fall at home. The
patient endorsed feeling generally unwell for several
days, associated with two weeks of diarrhea, and
was recovering with bed rest at home. On the day of
presentation, while attempting to stand up from bed,
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the patient immediately felt dizzy and eventually
lost consciousness. She awoke on the floor, denying
convulsive limb movements, tongue biting, or postevent confusion, and came to the hospital for further
evaluation.
The patient was initially found to be hypotensive
and tachycardic. While taking a urine sample, the
patient noticed black, tarry stools. She denied any
abdominal pain, nausea, vomiting, dysphagia, early
satiety or use of iron supplementation. The patient
denied having an upper endoscopy or colonoscopy in
the past and was not currently taking anticoagulation or
antiplatelet therapy. Family history was significant for
a maternal grandmother and niece with stomach cancer.
Physical examination revealed dry mucous membranes,
reduced skin turgor and guaiac positive stool. Initial
laboratory studies revealed a hemoglobin of 8.3 mg/dL
and mean corpuscular volume of 91.6 fL with normal
electrolytes and kidney function.
The patient was admitted to the hospital and given
aggressive intravenous (IV) fluid resuscitation. A chest
radiograph and computed tomography (CT) scan of the
head were both negative for acute changes. CT abdomen/
pelvis revealed an antral mass, measuring 1.82 × 2.08 cm
in greatest diameter, protruding within the gastric lumen
with associated sub-centimeter perigastric lymph nodes
(Figure 1). No other sources of acute hemorrhage were
identified. Upper endoscopy revealed a 3 cm ulcerated,
semi-sessile mass in the gastric antrum with evidence of
recent hemorrhage (Figure 2). An endoscopic ultrasound
of the antral mass showed it to be derived from the
submucosa and extending through the mucosa, with no
evidence of invasion to surrounding organs. A repeat
upper endoscopy was completed for tumor resection
using a snare technique.
Pathological evaluation showed a nodular
proliferation of bland spindle cells, small vessels, and
an eosinophil-rich inflammatory infiltrate localized
primarily to the submucosa with extension into

the mucosa of the gastric antrum (Figure 3A-D).
Immunohistochemistry analysis revealed positive
staining for CD34 and negative staining for CD117,
supporting the diagnosis of an inflammatory fibroid
polyp. The patient tolerated the procedure and recovered
without complications. Upon two-week followup evaluation, the patient's symptoms had resolved
completely. An outpatient colonoscopy revealed no
abnormalities.

The inflammatory fibroid polyp, also known as a Vanek
tumor/polyp, was first reported in 1949 by Vanek (3). The
term inflammatory fibroid polyp was first proposed in
1953 by Helwig and Ranier (4). As a result, IFP has now
been defined as a benign lesion of the GI tract derived
from the submucosa. It is characterized pathologically
by the presence of CD34 staining spindle cells, a
prominent network of blood vessels, fibromyxoid stroma
and an inflammatory infiltrate, typically dominated by
eosinophils. Perivascular spindle cell "onion skinning" is
present in about half of the lesions (5,6).
IFP must be differentiated from other benign and
malignant spindle cell lesions including gastrointestinal
stromal tumor (GIST), leiomyoma, leiomyosarcoma,
schwannoma, and inflammatory myofibroblastic
tumors (6,7). Definite diagnosis is made by
immunohistochemical analysis. IFPs are most commonly
positive for vimentin and CD34, and negative for S100,
CD117 and desmin (5,7,8). The most common site of IFP
was first reported at the gastric antrum (70%) followed
by the small intestines (20%) in 1986 (9). However, the
largest series of IFP to date (83 specimens) found the
most commonly involved site to be the large intestines
(37%), followed by the gastric antrum (23%) and small
intestines (20%) (5).
The true pathogenesis of IFP is currently unknown.
Historically, the etiology was thought to be the result of

Figure 1. CT Abdomen with IV Contrast depicting a 1.82 ×
2.08 cm mass of the antrum of the stomach. There are small
subcentimeter perigastric nodes identified.

Figure 2. Upper endoscopy identifying a 3 cm large,
submucosal, ulcerated, semi-sessile mass located in the
gastric antrum.

3. Discussion
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Figure 3: Pathological examination of case. (A), Low-power image of the inflammatory fibroid polyp showing a predominantly
submucosal, nodular proliferation with extension into the mucosa (H&E, 20×); (B), Immunohistochemical stain for CD34 shows
characteristic diffuse positivity in the lesional cells (20×); (C), Higher power image of the lesion infiltrating into and effacing
mucosal architecture (H&E, 40×); (D), High-power image showing the primary constituents of the lesion: bland spindled cells,
small vessels, and eosinophil-rich mixed inflammatory infiltrate (H&E, 200×).

an inflammatory response to an underlying granuloma.
The development of a submucosal granuloma is often
associated with an irritating stimulus (e.g. trauma,
tuberculosis, helicobacter pylori, Crohn disease,
sarcoidosis) (10). However, IFP has been showed to
occur more frequently in patients with a family history
of gastrointestinal polyps (11). More recently, in the
first genetic study involving IFP, activating mutations
in the platelet-derived growth factor receptor alpha
(PDGFRA) gene were present in 70% of cases (12).
This evidence suggests instead that IFP may represent
a true neoplastic lesion driven by activating mutations
in PDGFRA. However, no evidence of invasive growth
or aggressive metastatic spread has been reported to our
knowledge.
The therapeutic strategy of IFP can be viewed
similar to that of other benign gastrointestinal polyps.
More than 90% of gastrointestinal polyps discovered
by routine endoscopic evaluation are present in
asymptomatic patients and have no malignant potential
(13). However, these polyps cannot be distinguished
from those that require further intervention by gross
examination alone. Therefore, histological analysis is
always indicated in determining the polyp type and
presence of underlying dysplasia (14). Additional
diagnostic modalities including immunohistochemistry
staining, tandem biopsies, and endoscopic ultrasound
(EUS) may also be necessary to correctly identify the

polyp type (13).
Once the diagnosis of IFP is made, the decision to
resect the polyp should be based on both the clinical
presentation of the patient and the expertise of the
gastroenterologist. Patients presenting with early
satiety, chronic epigastric pain, or obstruction should
undergo resection. Those who present with an acutely
bleeding polyp should be treated swiftly by localizing
the lesion and achieving adequate hemostasis. Once
the patient is stabilized, eventual polyp resection is
suggested to avoid similar adverse events in the future.
Following IFP resection, pathological analysis should
be initiated to confirm the diagnosis and rule out any
potential for malignancy. Finally, because IFPs have no
documented malignant potential, routine endoscopic
follow-up is not recommended for both post-operative
and asymptomatic patients (13).
A MEDLINE review of the literature published
from 2000-2017 was conducted using the search
t e r m s " ( S t o m a c h n e o p l a s m s [ M e S H Te r m s ] )
AND inflammatory fibroid polyp" to evaluate the
characteristics of IFPs localized to the stomach. A total
of 37 cases were identified (Table 1), with ages ranging
from 19-93 year-old, averaging 64.3, including 19
women (51.4%) and 18 men (48.6%) (8,15-37). The
gastric antrum was the most commonly involved site, n =
22 (59.5%), followed by the pyloric and pre-pyloric area,
n = 5 (13.5%), gastric cardia, n = 2 (5.4%), gastric body,
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50, M

73, F

61, F

60, F

64, F
73, M

51, F

69, M

71, F

19, M
60, M
65, F

Shalom, 2000 (31)

Daum, 2003 (8)

Fuke, 2003 (19)
Hirasaki, 2003 (21)

Nishiyama, 2003 (26)

Shigeno, 2003 (32)
Aydin, 2004 (15)

Matsuhashi, 2004 (23)

Zinkiewicz, 2004 (37)

Hirasaki, 2005 (22)

Paikos, 2007 (27)

Bhatti, 2008 (16)

Ramachandra, 2008 (28)

Tanaka, 2008 (33)

Yen, 2010 (36)

Saritas, 2011 (30)

Woodward, 2011 (34)
Yamashita, 2011 (35)

Ergun, 2012 (18)

Mucientes, 2012 (25)

Rossi, 2012 (29)

He, 2013 (20)
Mitsui, 2015 (24)
Bilgin, 2016 (17)

Pre-pyloric
Antrum
Stomach NOS

Pre pyloric

Antrum

Antrum

Antrum
Antrum

Antrum

Stomach NOS

Antrum

Cardia

Antrum

Pre-pyloric

Pyloric

Cardia

Pre-pyloric

Body
Antrum

Antrum

Antrum (9)
Stomach NOS (5)
Antrum
Antrum

Antrum

Location

6
0.15
N/A

6

0.9

3

1 × 1 × 0.8
N/A

6×4

1.0

0.1 × 0.2

5

N/A

3.0 × 5.0

0.2

0.25 × 0.39

2.0

6.2 × 3.1
0.2

N/A

2 × 1.3 × 1.2
0.9 × 0.6

0.4 – 5.0

5.5 × 3

Largest diameter (cm)

Sessile
Pedunculated with erosion
Pedunculated tumor

Rounded with central ulcer

Polypoid

Pedunculated round polyp
Smooth, flat elevation,
with ulceration
Polypoid

Pendunculated mass

N/A

Pedunculated

Polypoid with small ulcer

N/A

Polypoid

Broad based pyramidal with
ulceration at apex
Pedunculated with ulcer
Broad based polypoid with
normal mucosa
Elevated lesion with central
reddish depression
Polypoid with central ulcer
with necrotic tissue
Protruding lesion

(9) surface erosions or
ulcerations
Polypoid
Protruding lesion

Polypoid, two ulcers

Gross Appearance

Anorexia, nausea,
early satiety
Anemia and hyperpyrecia
Found on EGD
Post prandial abdominal pain,
projectile vomiting

Epigastric pain and
weight loss
Epigastric pain

Epigastric pain and
vomiting
Chest discomfort
Found incidentally on EGD

Presented for Anemia
evaluation
Found incidentally EGD

Found during yearly
checkup on radiograph
Epigastric f with projectile
vomiting
Abdominal pain, tachycardia,
epigastric tenderness
Epigastric pain

Dysphagia, epigastric pain

N/A

Melena, pallor, tachycardia
Dyspepsia

Found incidentally

Asymptomatic
Found incidentally

N/A

Epigastric pain

Presenting Symptoms

N/A
H pylori positive
Increased 18F-FDG uptake,
gastric outlet obstruction

Superficial early gastric
carcinoma in submucosa
N/A

N/A

History of GERD
N/A

Anemia

N/A

N/A

N/A

Tumor was obstructing
duodenal bulb
Perforated viscus

Recurred after endoscopic
excision one year ago
H. pylori +

H. pylori +

Anemia
Gastric adenocarcinoma
close to IFP, H. pylori +
Gastric adenocarcinoma,
H. pylori +, anemia
Anemia
N/A

H. pylori + (2)

H. Pylori +

Associated Findings

EGD, esophagogastroduodenoscopy; ESD, endoscopic submucosal dissection; F, female; H, Pylori +, Helicobacter Pylori Positive; M, Male; N/A, not available; NOS, not otherwise specified.

Age, Gender

Reference, Year, (Ref.)

Table 1. Review of inflammatory fibroid polyp cases

Gastric resection with
Roux-en-Y reconstruction
Partial gastrectomy
Partial gastrectomy
Total resection

Subtotal gastrectomy

Endoscopic polypectomy

N/A
N/A

Endoscopic submucosal
dissection
Endoscopic polypectomy

Laparoscopic transgastric
excision
Endoscopic polypectomy

Billroth II gastrectomy

Endoscopic polypectomy

Regressed with H pylori
eradication
Proximal gastrectomy, local
lymphadenectomy
ESD

Endoscopic polypectomy
Endoscopic polypectomy

Endoscopic polypectomy

Endoscopic polypectomy
Endoscopic polypectomy

Antrectomy with truncal
vagotomy
N/A

Treatment

307
Intractable & Rare Diseases Research. 2017; 6(4):304-309.

Intractable & Rare Diseases Research. 2017; 6(4):304-309.
n = 1 (2.7%), and the stomach not otherwise specified,
n = 7 (18.9%). Gross morphology, when available, was
most commonly described as polypoid or pedunculated,
n = 14 (66.7%), followed by sessile, protruding, or
rounded, n = 7 (33.3%). Associated ulceration or erosion
of the tumor was often present, n = 18 (48.6%). Tumor
size ranged from 0.15 to 6.2 cm in greatest diameter,
with an average of 2.33 cm. Helicobacter pylori testing
was positive in seven cases (18.9%). The most common
presenting symptom was epigastric pain, n = 7 (18.9%)
followed by anemia, n = 6 (16.2%). The most common
treatment modality was endoscopic polypectomy, n = 10
(47.6%), followed by surgical gastrectomy, n = 9 (42.9%),
and endoscopic submucosal dissection (ESD) (4.8%).
One case regressed after helicobacter pylori eradication.
Complications were rarely reported, with three cases
(8.1%) developing gastric adenocarcinoma in close
proximity to the IFP and two cases resulting in gastric
outlet obstruction (5.4%). Only one polyp (2.7%) was
described as having recurred after treatment.

The case herein represents a rare entity leading to the
common presentation of an acute upper gastrointestinal
hemorrhage. IFP remains one of the rarest benign
tumors of the gastrointestinal tract, and appears most
commonly in the gastric antrum and the rectosigmoid
colon. Its pathogenesis is not completely understood.
However, it is now widely viewed as a PDGFRAdriven benign neoplasm. Patients rarely present with
symptoms, but may endorse epigastric pain, early
satiety or symptoms related to obstruction. Diagnosis
is made primarily with endoscopic biopsy, however
additional studies including immunohistochemistry
analysis may be required. Therapeutic management
is based on the patient's clinical presentation and the
expertise of the procedural team. Resection is generally
recommended for symptomatic patients and for
bleeding IFP lesions. Routine endoscopic evaluation is
not indicated due to the lack of evidence for malignant
transformation and recurrence.
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Summary

A 15 year old girl presented with complaints of prolonged fever and recurrent episodes
of hemoptysis. Initial investigation showed pancytopenia and radiological imaging
was suggestive of necrotizing pneumonia. Subsequently, mucor was isolated from
bronchoalveolar lavage fluid, but even on appropriate medications her condition kept
deteriorating. She had multiple bouts of hemoptysis and a repeat imaging of chest showed
dissemination of mucormycosis to pulmonary vein and heart. Bone marrow biopsy
identified acute lymphoblastic leukemia (ALL) as the cause of pancytopenia. She was
planned for bronchial artery embolization and chemotherapy for ALL, but consent was not
given and she left our institute against medical advice. Our case highlights the importance
of keeping a high index of suspicion for disseminated mucormycosis in neutropenic patients,
as any delay in diagnosis and treatment could have grave consequences.
Keywords: Cardiac mucormycosis, acute lymphoblastic leukemia, galactomannan

1. Introduction
Fever in neutropenic patient is a medical emergency
and warrants extensive evaluation and appropriate
management. The risk of infection increases with severity
and duration of neutropenia (1). Bacterial infections are
the most common cause of neutropenic fever. Fungal
infection often complicates these individuals and can
have myriad presentations. Most of these invasive fungal
infections are caused by Candida and Aspergillus spp.
Mucormycosis is a rare infection in neutropenic patients
and carries a grave prognosis (2).
Mucorales are responsible for life threatening
mucormycosis infection in the immunocompromised.
Increasing incidence of this infection has recently been
observed in the immunocompromised population.
This includes patients with uncontrolled diabetes

especially in ketoacidosis, on prolonged steroid or
broad spectrum antibiotic therapy, on voriconazole
prophylaxis, hematological malignancies, hematopoietic
stem cell transplants, burns and penetrating trauma.
The aggressive, angio-invasive nature of the disease,
coupled with weakened host defenses is responsible
for its devastative consequences (3). There has been
an increase in the incidence of mucormycosis in recent
times, yet it still largely remains under-diagnosed.
Disseminated mucormycosis is the least common type
and mostly begins in lung and then disseminates to other
sites. Dissemination of pulmonary mucormycosis to
heart is unusual and diagnosis is often made on autopsy,
antemortem diagnosis of this entity is very rare and only
three such cases have been reported so far (4-6). We
present a rare case of disseminated mucormycosis having
pulmonary and cardiac involvement in a young girl with
previously undiagnosed hematological malignancy.

Released online in J-STAGE as advance publication November
14, 2017.

2. Case Report
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A 15 year old girl presented in medical emergency of
our institute on 26th July 2017, with a five month history
of continuous, low grade fever with early satiety and
easy fatigability, productive cough for one month which
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was associated with recurrent episodes of epistaxis
and hemoptysis. She was treated at a local hospital and
found to have pancytopenia and pneumonia. She was
managed with blood transfusions along with antibiotics
and referred to our institute for further management.
On examination, she had tachycardia and
tachypnea, with pallor and significant submandibular
lymphadenopathy. There was bronchial breath
sounds with crepitations over the left infrascapular
and infraaxillary regions of the chest. Preliminary

Figure 1. Chest X ray showing left middle and lower zone
opacity with blunted left costophrenic angle.

investigations revealed pancytopenia with hemoglobin 5.6 gm/dL, total leucocyte count (TLC) - 1,400/cu mm,
platelets – 45,000/cu mm and an absolute neutrophil count
of 980/cu mm. Her peripheral smear was suggestive of
pancytopenia with normocytic normochromic anemia.
Serum Vitamin B12, folate and Lactate Dehydrogenase
(LDH) levels were normal.
Chest X Ray showed heterogeneous opacity
over left middle and lower zone with blunting of left
costophrenic angle (Figure 1). A Contrast Enhanced
Computed Tomography (CECT) of chest revealed
necrotizing pneumonia with organized empyema in
the left lung. 2D Echocardiography was suggestive of
mild pericardial effusion and all cardiac chambers were
normal. Her blood, urine and sputum cultures were
sterile. Sputum examination didn't show any acid fast
bacilli and cartridge based nucleic acid amplification test
(GeneXpert) for mycobacterium tuberculosis (MTB)
was negative. Serum procalcitonin level was normal
and serum galactomannan was not detected. The patient
was empirically started on intravenous antibiotics
(piperacillin-tazobactam with teicoplanin) and liposomal
Amphotericin B (5 mg/kg/day).
Gradually she responded to treatment with
improvement in fever and hematological profile. On day
6, her hemoglobin was 8.1 gm/dL, TLC was 2,000/cu

Figure 2. Immunohistochemistry slide (10×) with CD20
positive sheets of immature B-lymphocytes.

Figure 4. CECT Chest showing left lung necrotizing
pneumonia.

Figure 3. Silver methenamine staining (40×) showing
aseptate broad fungal hyphae with wide angle branching
suggestive of mucormycosis.

Figure 5. CECT Chest with absence of contrast filling in
left pulmonary vein (1) and left atrium (2) suggestive of
thrombosis.
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mm and platelet count was 63,000/cu mm. Review chest
ultrasound revealed an organized empyema with nondrainable contents. Hence, a bronchoalveolar lavage
(BAL) was performed. Bone marrow aspiration and
biopsy were also performed. While we waited the BAL
and bone marrow reports, her blood flow cytometry
suggested presence of atypical lymphoid cells.
Subsequently, her bone marrow biopsy revealed the
presence of sheets of immature cells immunopositive for
CD20 and terminal deoxynucleotidyl transferase (TdT)
clinching the diagnosis of B-cell Acute Lymphoblastic
Leukemia (Figure 2). BAL showed acute inflammatory
exudate with aseptate broad fungal hyphae with wide
angle branching consistent with mucormycosis (Figure
3). BAL was negative for acid-fast bacilli, GeneXpert
MTB and galactomannan.
By day 15, the patient began to run fever again
and experienced multiple episodes of hemoptysis. So,
a repeat CECT chest was carried out urgently. This
time, there was a large necrotizing pneumonia in the
left lung along with intraluminal extension of the
mass into the left pulmonary vein until the left atrium.
The inferior pulmonary vein was also encased by the
mass (Figure 4 and Figure 5). 2D Echocardiography
showed a left atrial thrombus of (9 × 7 mm) entering
through the left inferior pulmonary vein, suggestive of
intracardiac mucormycosis. Addition of caspofungin
for combination therapy and surgical intervention
was planned for the patient. However her family did
not consent for further treatment and left our hospital
against medical advice on 13th August 2017.
3. Discussion
Mucormycosis is an uncommon, life-threatening
infection caused by ubiquitous fungi of the group
Mucorales. The vast spectrum of mucormycosis depends
on the underlying condition. The infection can be of
rhino-orbito-cerebral, pulmonary, gastrointestinal,
cutaneous, renal and disseminated types. Mucormycosis
is said to be disseminated when it involves two or
more noncontiguous sites. Overall, rhino-orbitocerebral involvement is most common (48%) with
diabetics predominantly harboring the condition (7).
Pulmonary mucormycosis is found in 17% of cases,
most commonly in patients with hematological diseases.
Disseminated disease forms the least common type
(5%) and mostly begins with pulmonary mucormycosis
(8). The most common site of dissemination is cerebral
with involvement also being reported in spleen, heart,
kidney and other organs. The vasculotropic nature of the
infection leads to angioinvasion and widespread tissue
necrosis contributing to the fatality of disease. Indeed,
pulmonary mucormycosis has a mortality of 76% that
increases to more than 90% with dissemination (9).
Patients of hematological disorders are especially
susceptible to mucormycosis due to effects of
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chemotherapeutic drugs and the underlying
cytopenias. Acute leukemia is the most common
hematological disorder (78%), followed by lymphomas,
myelodysplastic syndrome, multiple myeloma and
aplastic anemia (10). Studies have found mucormycosis
to be the third most common fungal infection in
hematological malignancies after Aspergillus and
Candida, with a share of 13% (11). And though
the prevalence of mucormycosis in hematological
malignancies is reported as 4.29 per 100 patients, it is
probably an underestimation because this disease remains
under-diagnosed (12). There is no specific biomarker and
cultures may be negative. Moreover, thrombocytopenia
in hematological diseases may preclude extraction of
tissue specimens for diagnosis. Therefore, the disease
is usually diagnosed at a much later stage, or even postmortem in almost 85% patients (13).
Pulmonary infection can present as a nonresolving pneumonia, cavitation, air-crescent sign,
halo sign, reverse halo sign, pulmonary mass, nodules,
bronchopulmonary fistulae, pleural effusions or
lymphadenopathy (14). The radiographic picture is not
different from that of aspergillosis, and hence may lead
to voriconazole use, which can be detrimental. This
infection has a predilection for invasion into adjacent
structures and vessels, which becomes the basis for
cardiac involvement with pulmonary mucormycosis.
Cardiac mucormycosis has not been extensively
reported in the medical literature and most cases are
diagnosed on autopsy (15). The hallmark of infection
is presence of septic fungal thrombosis containing nonbranching aseptate hyphae enmeshed with fibrin and
leucocytes. These thrombi can invade the myocardium
or endocardium causing infarctions by blockage of small
myocardial blood vessels. Acute myocardial infarction
has also been reported due to blockage of major epicardial
arteries. There may be endocarditis, myocarditis and
pericarditis (16). Left atrium and ventricle are the
most common cardiac chambers affected with mural
mycotic thrombi. To the best of our knowledge, there
are only three case reports of pulmonary antemortem
diagnosis with cardiac mucormycosis. Hence, this case
of pulmonary mucormycosis invading to heart and
diagnosed antemortem, is unique.
Amphotericin B has been used for medical treatment
of mucormycosis, with its liposomal form preferred
due to less toxicity. Newer drugs have been introduced
namely: posaconazole, isuvaconzole and echinocandins.
While posaconazole has shown promising outcomes,
Amphotericin B remains the first-line drug with
posaconazole used as a salvage therapy (17). However,
it has been proven that management of mucormycosis
is multi-modal with surgical management and treatment
of the underlying condition as important in antifungal
therapy.
Our patient had a unique presentation with a
newly diagnosed ALL, which came to light due to
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disseminated fungal pneumonia. Although we kept a
high index of suspicion from the outset and gave her
Liposomal Amphotericin B, the disease progressed.
This emphasizes the superiority of multi-pronged
management, comprised of both medical and surgical
approaches.
In conclusion, disseminated mucormycosis is a
rare entity that warrants early diagnosis and aggressive
management. With an increase in the immunocompromised
population, the incidence of mucormycosis is expected to
rise in the future. A high index of suspicion is necessary
as the diagnosis of mucormycosis can be elusive.
Medical management, surgical therapy and treatment
of the underlying disease all go hand-in-hand for
management of these patients.
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Expanded dengue syndrome in secondary dengue infection:
A case of biopsy proven rhabdomyolysis induced acute kidney
injury with intracranial and intraorbital bleeds
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Summary

Dengue fever is endemic in the Indian subcontinent and can have myriad presentations.
The term expanded dengue syndrome (EDS) is used for atypical manifestations in dengue
fever. We present a rare case of EDS in a patient with secondary dengue infection who
developed rhabdomyolysis induced acute kidney injury (RAKI) along with intracranial and
intraorbital bleeds. Patient was successfully managed in our institute and was discharged in
stable condition. To the best of our knowledge, this is the only reported case of simultaneous
occurrence of these complications in a dengue patient. This case is being presented to make
clinicians aware of the spectrum of dengue infection.
Keywords: Acute tubular necrosis, acute febrile illness, choroidal hematoma

1. Introduction
Dengue is one of the most important arthropod-borne
viral diseases. More than 50 million people residing in
tropical areas are infected with dengue every year and
its incidence has increased 30 times in the last 50 years
(1). The dengue virus is an RNA virus from the genus
Flavivirus transmitted via the bite of female Aedes
aegypti mosquitoes. There are four virus serotypes,
designated as DENV-1, DENV-2, DENV-3 and DENV4. Infection with any one serotype confers lifelong
immunity to that virus serotype and only partial cross
immunity to other serotypes. However, secondary
infection with another serotype or multiple infections
with different serotypes can lead to a severe form of
disease (2).
The clinical presentation of dengue has varied
patterns ranging from asymptomatic infection, to
severe bleeding, hemodynamic instability and even
death. While fever, headache, malaise, bleeding
manifestations, shock and hemoconcentration
*Address correspondence to:
Dr. Prabhat Kumar, Department of Medicine, 3rd floor,
Teaching Block, All India Institute of Medical Science, New
Delhi 110029, India.
E-mail: drkumar.prabhat@gmail.com

are known manifestations of the disease, certain
atypical conditions have also been reported, which
are now known as expanded dengue syndrome (3).
Rhabdomyolysis induced acute kidney injury (RAKI)
is one such atypical manifestation of dengue infection
which is rarely seen and a single biopsy proven case
has been reported so far (4). Similarly intracranial and
intraorbital bleeds in dengue infection are very unusual
(5,6). Expanded dengue syndrome (EDS) cases are
underreported and pose a serious challenge for the
treating physician.
2. Case Report
A 35 year old male patient with no prior comorbidities
presented in emergency department in September 2017
with complaints of shortness of breath and reduced
urine output for 6 days which was associated with
hematuria, myalgia and rash over extremities. He also
had swelling of right eye for the last 2 days that was
associated with diminution of vision. These symptoms
were preceded by fever of 6 days duration that subsided
after taking antipyretics. He also gave history of dengue
fever two years back for which he was admitted to a
hospital for two days and had recovered completely.
On examination, he was afebrile, blood pressure was
160/90 mm Hg, pulse rate- 110/min, respiratory rate-
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Figure 4. Renal biopsy showing normal glomerulus,
dilated proximal tubules with tubular epithelial cell
swelling and necrosis. Some of the tubules contain
proteinaceous substances (arrow).
Figure 1. Conjunctival suffusion with eyelid edema of the
right eye.

Figure 5. PAS stain highlights thinning and loss of PAS
positive brush border.

Figure 2. Axial NCCT of orbits showing expansion of the
right posterior segment with hyperdense hematoma over
the choroid (arrow).

Figure 3. NCCT head showing right frontal hematoma (3.5
× 8.0 mm) with perilesional edema.

30/min and had oxygen saturation of 90% on room air.
There was conjunctival suffusion and eyelid edema
with impaired vision in the right eye (Figure 1). There
were fine basal crepitations over the chest and ascites
was present. He had no focal neurological deficit at the
time of admission. A suspicion of dengue was kept and
following investigation were done immediately.
Hemogram showed hemoglobin: 9 gm/dL, total
leucocyte count (TLC): 7,000/cu mm, platelet count:
29,000/cu mm. Renal and liver parameters were
grossly deranged, urea/creatinine:130/9.5 mg/dL, total
bilirubin: 3 mg/dL, aspartate transaminase/alanine
transaminase (AST/ALT): 16,280 / 5,982 U/L. Urine
examination showed gross proteinuria and > 100 RBCs/
hpf without any casts or dysmorphic RBCs. Arterial
blood gas analysis (ABG) showed severe metabolic
acidosis. Serum electrolytes and coagulation profile
were normal. Serum creatine phosphokinase (CPK) was
6,400 U/L (Normal: 20-200) and lactate dehydrogenase
(LDH) was 10,240 IU/L (Normal: 100-400).
Ultrasound abdomen showed gall bladder wall edema
with moderate ascites and normal kidneys. Dengue
serology was positive for both IgM and IgG in high
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Table 1. Summary of patients with dengue associated rhabdomyolysis induced acute kidney injury
Duration of
hospital stay

Outcome

NA

Recovered

47 days

Death

NA

Recovered

9 days

Recovered

NA

Death

Hemodialysis

9 days

Recovered

Hemodialysis

21 days

Recovered

12 days

Death

9 days

Recovered

30 days

Recovered

Treatment

Diagnosis

Ref.

Age, Sex

Gunasekera et al.
2000 (16)

28 yr, F

Dengue with RAKI

Karakus et al.
2007 (17)

66 yr, M

Dengue with RAKI, pneumonia, septic Mechanical ventilation, ionotropes
shock and respiratory failure

Acharya et al.
2010 (18)

40 yr, M

Dengue myositis, RAKI with respiratory Mechanical ventilation
failure

Wijesinghe et al.
2013 (19)

42 yr, M

Dengue with RAKI

Sunderlingam et al.
2013 (20)

17 yr, M

Dengue, RAKI, MRSA infection with Antibiotics, ionotropes and hydration
refractory shock

Jha R et al.
2013 (21)

21 yr, M

Dengue with RAKI

Repizo et al.
2014 (4)

28 yr, M

Dengue with biopsy proven RAKI

Siriyakorn N et al.
2015 (22)

17 yr, M

Dengue, RAKI, severe hepatitis and Hemodialysis, Mechanical ventilation
coagulopathy

Mishra A et al.
2015 (23)

21 yr, M

Dengue with RAKI

Present case

35 yr, M

Dengue, biopsy proven RAKI, intracerebral Hemodialysis, antibiotics
and intraorbital bleed

Forced alkaline diuresis, hydration
Antibiotics,

Hemodialysis, forced alkaline diuresis

Hydration, forced alkaline diuresis

yr: years, M: Male, F: Female, RAKI: Rhabdomyolysis induced acute kidney injury.

titres, confirming our diagnosis of secondary dengue
infection. Other relevant tests for malaria, leptospirosis
and rickettsial infections were negative. Chest X
ray and ECG was normal. A possibility of dengue
associated RAKI was kept, however urinary myoglobin
levels couldn’t be done because of its unavailability in
our institute.
He was given broad spectrum antibiotics and
was transfused with multiple random donor platelet
concentrates. He also received alternate-day dialysis
for RAKI. Ophthalmologist’s opinion was taken for
right eye swelling and an ultrasound B-scan showed
a choroidal hematoma measuring 15 × 10 mm. This
was confirmed on non-contrast computed tomography
(NCCT) of the orbit (Figure 2). He was also given
topical antibiotics for orbital cellulitis. On the seventh
day of admission he noticed weakness of left lower
limb. NCCT head showed an intracranial bleed in the
right frontal region with minimal perilesional edema
(Figure 3). This was conservatively managed and his
power gradually improved. Subsequent reports showed
normalization of platelet count, liver enzymes, CPK
and LDH levels in the next two weeks. However,
there was minimal improvement in renal function
rendering the patient oliguric and dialysis-dependent
for a long time. The unusually slow renal recovery
prompted us to carry out a renal biopsy. Biopsy showed

normal glomeruli, dilated proximal tubules with
tubular epithelial cell swelling and necrosis along with
deposition of proteinaceous granular substances (Figure
4 and Figure 5). Hence, rhabdomyolysis induced acute
tubular necrosis was proven histopathologically. He
received a total of 12 cycles of hemodialysis, following
which his urine output improved and renal function
tests normalized. He was discharged after a month-long
stay in October 2017.
3. Discussion
India has the largest number of dengue cases, with
about 33 million apparent and another 100 million
asymptomatic infections occurring annually. It is
a well known fact that primary or first infection in
nonimmune person usually causes inapparent or mild
infection. However, subsequent dengue infection
by a different serotype causes more severe illness.
Although pathogenesis is not well-defined, the antibody
dependent enhancement effect, cross-reactive T cells
and shift from Th1 to Th2 pathway leads to a cytokine
storm, which is possibly responsible for severe illness
during secondary infection (7,8).
EDS is a terminology introduced by the WHO
in 2012 to encompass the unusual manifestations of
dengue involving severe damage to the liver, heart,
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kidneys or brain. They may be related to underlying
co-morbidities, associated co-infections or prolonged
shock. Certain high-risk groups such as pregnant,
infants, geriatric group, patients with coronary artery
disease, hemoglobinopathies and immunocompromised
individuals are particularly susceptible to developing
EDS. As clinicians, we must be aware of these atypical
features so that we can suspect dengue early, especially
during ongoing epidemics.
Dengue has been associated with multiple patterns
of renal involvement. These include proteinuria,
glomerulonephritis, IgA nephropathy, hemolytic uremic
syndrome and acute tubular necrosis (9). Despite the
multitude of patterns of involvement, acute kidney
injury (AKI) remains a poorly studied area in dengue
infection. Various studies have found the prevalence
of AKI in dengue to be between 1-13% (10-12). The
mechanisms proposed for this affliction of the kidneys
include direct viral action on renal tissue, hypoperfusion
secondary to shock, and rhabdomyolysis.
Rhabdomyolysis is characterized by muscle
necrosis leading to release of muscle enzymes like
creatine phosphokinase, lactate dehydogenase, aldolase
and myoglobin in the systemic circulation. It has been
described in a few case reports among dengue patients
(13). These patients present with severe myalgias
and have high levels of muscle enzymes, most often
in thousands. It is caused by either a direct viral or
toxin-mediated effect on myocytes and is associated
with renal failure in 57% of cases. Deposition of
myoglobin in the tubules leading to direct or ischemic
tubular injury, tubular obstruction or intrarenal
vasoconstriction, are responsible for the renal failure.
Although not traditionally believed to be associated
with myositis, dengue virus is being recognized now
as a cause. Studies have found histopathological
changes of myositis even in dengue patients devoid
of muscular symptoms (14,15). Renal tubular injury
caused by rhabdomyolysis has been scarcely reported
among dengue patients. To the best of our knowledge
nine such cases have been reported, with only a single
biopsy-proven case (Table 1) (4,16-23). Three out of
the nine patients died, proves the seriousness of this
condition (17,20,22). Treatment includes hydration
with normal saline and forced alkaline diuresis with
sodium bicarbonate to maintain adequate urine output.
However, in oliguric AKI intravenous fluids should
be judiciously used and hemodialysis should be
commenced as soon as possible. Four out of these nine
patients required dialysis for deteriorating AKI. Apart
from AKI, other complications of rhabdomyolysis
include compartment syndrome, arrhythmias,
disseminated intravascular coagulation (DIC), hepatic
dysfunction and metabolic acidosis (24). Any delay
in diagnosis and treatment of these complications can
be detrimental. In the present case too, the patient
developed oliguric renal failure along with hepatitis as a

complication of rhabdomyolysis for which he received
several sessions of hemodialysis.
Along with renal involvement, our patient also
had intracranial and ophthalmic complications.
Neurological manifestations have been described in
dengue fever, with encephalitis being the most common.
The pathogenesis has been postulated to be due to
direct viral invasion, increased capillary permeability,
capillary hemorrhage, DIC, dyselectrolytemias and
fulminant hepatic failure. Intracranial hemorrhage in
dengue patients is an unusual entity with a study finding
only 3% of cases of dengue encephalopathy attributable
to it (5).
Ophthalmic complications in dengue has recently
been recognized and reported more often. Studies
have found 60% dengue patients to have ocular
complications with subconjunctival hemorrhage being
most common. Posterior segment involvement is
reported too, with macular edema, vascular occlusion,
vitreous hemorrhage, optic neuropathy, chorioretinitis,
retinal hemorrhages and cotton wool spots (6). Our
patient had both orbital cellulitis and choroidal
hematoma with loss of vision that was opined to be
irreversible by the ophthalmologists. This patient is an
example of the complicated turn of events that dengue
fever can have.
In conclusion, in a dengue patient with AKI, CPK
and LDH levels should be always screened to look for
rhabdomyolysis, as early diagnosis and treatment can
have a favorable outcome. A thorough neurological
examination should be carried out in such critical patients
and even subtle signs should be evaluated appropriately.
Managing dengue infection can be challenging for
treating physician if patient develops EDS, which carries
an unfavorable prognosis.
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Summary

Testicular germ cell tumor (TGCT) is the most common solid malignancy occurring in
young men between 20 and 34 years of age, and its incidence has increased significantly
over the last decades. Clinically several types of immunohistochemical markers are useful
and sensitive. These new biomarkers are genes expressed in primordial germ cells/gonocytes
and embryonic pluripotency-related cells but not in normal adult germ cells and they
include OCT3/4, HMGA1 and 2, NANOG, SOX2, and LIN28. Gene expression in TGCT
is regulated, at least in part, by DNA and histone modifications, and the epigenetic profile
of these tumours is characterised by genome-wide demethylation. There are different
epigenetic modifications in TGCT subtypes that reflect the normal developmental switch in
primordial germ cells from an under to normally methylated genome.
Keywords: Testicular germ cells tumors, seminomas, epigenetic, GPR30, PATZ1, HMGA

Testicular germ cell tumor (TGCT) is the most common
neoplasia that occurs in males between 20-40 years old
and it accounts for approximately 1-1.5% of all cancers
in men (1,2). The incidence rate and mortality change
considerably in different geographical areas: the rates
are highest in Northern and Western Europe, Northern
America and Australia, while lowest rates have been
found in South Europe, Central America and, at last, in
Asia and Africa (3). Over the last decades, the incidence
of TC in western countries has been increasing, maybe
because of an increased exposure to etiologic factors (4).
Genetic and environmental factors play an important
role in the genesis and development of TGCT; in fact,
several genes are implicated in its pathogenesis (5) and
different environmental factors have been investigated.
In the environmental agents there are pesticides and
non-steroidal estrogens, such as diethylstilbestrol
(DES) (6,7). There is an association between increased
TC risk and maternal smoking during pregnancy,
adult height, body mass index, diet rich in cheese are
other factors correlated to TGCT development (8).
However, the biological mechanisms involved in TGCT
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development are poorly known. Among the risk factors
correlated to the onset of disease we can remember: age,
cryptorchidism, family history of TGCT, Klinefelter's
syndrome, congenital abnormalities and infertility (2,3).
Young age represents one of the most frequent factors of
TGCT occurrence (3).
The World Health Organization (WHO) recapitulates
the classical histological entities of testicular cancers,
but now divides the tumours of adult men into two
main groups: those that are derived from germ cell
neoplasia in situ (GCNIS): seminoma and nonseminoma
(NSE), and a spermatocytic tumor, which is a histotype
not associated with GCNIS. In NSE are included
choriocarcinoma, embryonal carcinoma, teratoma and
yolk sac tumors. Testicular germ cell tumors may arise
from a non-invasive form of disease named carcinoma
in situ (CIS): under the microscope these cells appear
abnormal although they have not yet spread outside the
walls of the seminiferous tubules. CIS doesn't always
degenerate in invasive cancer but it's very difficult to
discover it because it often doesn't involve side effects; a
good way to diagnose CIS is to have a biopsy. According
to its evolution, three stages of the disease can be
distinguished: stage I (the tumor is circumscribed by
the testicle), stage II (the tumor has spread to the lymph
nodes of the abdomen) and stage III (the tumor has
spread to the lymph nodes also with distant metastases in
organs such as lungs and liver) (9).
Compared to the latest classification of urinary tract
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and male genital organs in the WHO, there have been
updates in 2016 that reflect the different behaviour,
pathogenesis and tumour biology of similar histological
patterns occurring in different contexts. In particular,
GCNIS has been used as a new name for the precursor
lesion (9). TGCT is a developmental disease of germ cell
differentiation, and almost all TGCTs are derived from
dysfunctional fetal germ cells. The characterization of
gene expression profile in seminoma may be useful not
only to improve our knowledge on their relation with
oncogenesis, but also to better understand the role of
PGCs (10-13).
NSE tumors are usually treated with surgery and
chemotherapy, with different cure rates depending on
the stage of the disease. The cure rate reaches up to
99% in the early stages of NSE tumors, although in
advanced disease stages decreases from 90% in patients
with good prognostic category to 50% in patients with
poor prognostic features (10-13).
The fast progression and the rapid growth of
postpuberal TGCTs cause early lymph node metastases
and/or distant metastases. In fact, about 25% of patients
with seminoma and up to 60% of those with NSE suffer
from metastatic disease (10-13), and the therapeutic
treatments are often ineffective. Thus, despite the general
success of postpuberal TGCTs treatment, 10-20% of
patients diagnosed with metastatic disease will not
achieve a durable and complete remission after initial
treatment, either due to incomplete response or a tumor
relapse.
There are several types of markers for testicular
TGCTs: serum tumor markers and immunohistochemical
markers. Clinically useful immunohistochemical markers
for TGCT are genes expressed in primordial germ
cells (PGCs)/gonocytes and embryonic pluripotencyrelated cells but not in normal adult germ cells. They
are OCT3/4, NANOG, SOX2, REX1, AP-2γ (TFAP2C)
and LIN28. Moreover, HMGA1 and HMGA2 represent
valuable diagnostic markers as they are differently
expressed depending upon the states of differentiation
of TGCTs (15-25). A nuclear transcriptional repressor
PATZ1 interacting protein RNF4 suggests an impaired
function when it is delocalized in the cytoplasm in
human seminomas; it has been shown that both PATZ1
and HMGA1 cytoplasmic delocalization associates
with estrogen receptor β (ER β) down-regulation
in human seminomas (15-24). More recently, it has
been demonstrated that the down regulation of ERβ
associates with GPR30 over-expression both in human
CIS and seminomas; in addition, it has been shown that
17β-estradiol induces the ERK1/2 activation through
GPR30 (25,26). Many studies are devoted to design
selective GPR30 inhibitors to block neoplastic germ
cells with a high proliferative rate, representing a novel
therapeutic strategy for the treatment of TGCTs (25,26).
The kinase Aurora-B is another valuable marker able
to discriminate among the different tumor histotypes;
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in fact, it is detected in IGCNU, seminomas and
embryonal carcinomas, but not in teratomas and YST.
Pharmacological inhibition of Aurora B significantly
decreases the cell growth in testicular GC1 and TCam2
cell lines (26-29).
During recent years the epigenetic factors have been
found to be extremely important in the development of
cancer. Indeed, nuclear morphologies are often pleiotropic
across a single tumor, reflecting the heterogeneous nature
of cancer. These modifications and changes of nuclear
structure are key features distinguishing cancer cells from
their normal counterparts. Altered nuclear morphology
also reflects broad changes in genome positioning and
epigenetic changes, which occur during transformation.
In particular, in cancer the tight regulation of DNA
methylation and the distribution of methyl-cytosine
change. Commonly, the heavy methylation in the bulk
chromatin is reduced, while the normally unmethylated
CpG islands become hypermethylated (30,31). In
testicular GCTs it is important to evaluate DNA
methylation in the context of the PGCs from which
the tumors arise because PGCs are at a developmental
stage where their genomes are highly under-methylated
(30,31). Several studies have demonstrated minimal or
no methylation in seminomas, and hypermethylation in
specific gene promoters of NSE, especially in highly
differentiated NSE, suggesting that the degree of cell
differentiation may be related to the genome methylation
status (30,31). CIS cells as PGCs and gonocytes, express
transcription factors associated with embryonic stem cell
pluripotency, such as POU5F1/OCT-3/4, NANOG, T1A2, MYCL1, GDF3, LIN28-A, DPPA4, DPPA5, KIT and
AP-2γ. Genome-wide gene expression profiling revealed
specific embryonic stem cell-like features of testicular
CIS (30-32). The epigenetic pattern of CIS is associated
with an open and permissive chromatin structure based
on expression pattern of genes and transcription factors.
A new dawn is arising in the scenario of TGCT
diagnostic and prognostic classification based upon the
use of epigenetic molecular markers.
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