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Summary. Human leukocyte antigen-G (HLA-G) is a
non-classical HLA-class Ib molecule with multiple
immunoregulatory properties. Its main functions in
physiological conditions are to abolish maternal immune
cell activity against fetus and to establish immune
tolerance at the maternal-fetal interface. In oncology,
HLA-G molecules are aberrantly expressed in a variety
of human neoplastic diseases and play an important role
in the escape of tumor cells from immune surveillance.
In the past few years, making use of HLA-G protein
expression in tissues and circulating levels in body fluids
as a tumor marker have been the focus of extensive
research in the diagnosis and prognosis of several human
malignancies. In addition, this molecule might be a
promising target for future immune therapeutic
approaches based on its immune tolerant functions and
its highly specific expression for malignant
transformation. In this review, we will summarize
available literature data as well as our own works on
HLA-G in cancer, and address some of the issues
concerning its application in human neoplasia.
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Introduction

Cancer is essentially considered a complex cell
disease caused by abnormalities in the genetic material
of transformed cells. However, cancer development is a
complicated progressive process that involves a
sequence of gene-environment interactions with
dysfunctions in multiple systems, including immune
functions. The immune system can specifically identify
and eliminate tumor cells based on their expression of
tumor-specific antigens or molecules induced during
malignant cell transformation. This process is referred to
as tumor immune surveillance (Swann and Smyth,
2007). Despite tumor immune surveillance, tumors can
still develop in the presence of a functioning immune
system. Therefore, cancer can be explained, at least in
part, as an abnormal immune system tolerance to
uncontrolled cells (de la Cruz-Merino et al., 2008).

To explain the role of the immune system in tumor
development, an updated concept of tumor
immunoediting was introduced (Dunn et al., 2002). This
concept consists of three phases: elimination,
equilibrium, and escape (Dunn et al., 2002, 2004). In the
elimination phase, the immune system detects and
eliminates tumor cells that have developed because of
failed intrinsic tumor suppressor mechanisms. The
elimination phase is considered complete when all tumor
cells are eliminated, or incomplete when only a portion
of the tumor cells is eliminated. In the case of partial
tumor elimination, the theory of immunoediting suggests
that a temporary state of equilibrium can develop
between the immune system and the developing tumor.
In this state, it is predicted that tumor cells either remain
dormant or continue to evolve by accumulating further
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changes, such as DNA mutations or changes in gene
expression, although the immune system still has
sufficient control over tumor progression. Eventually,
however, if the immune response fails to eliminate the
tumor the result is the development of tumor cell
variants that are able to resist, avoid, or even suppress
the anti-tumor immune response, thereby leading to the
escape phase. During this phase, the immune system is
no longer able to contain the progressive growth of the
tumor.

Several mechanisms for tumor escape have been
proposed both acting locally - in the tumor
microenvironment - and systemically (Laheru and Jafee,
2007). One of these concerns the expression of immune-
modulatory molecules in the tumor microenvironment
and soluble suppressive factors by tumor cells (Swann
and Smyth, 2007). HLA-G is one such immune-
modulatory molecule that is involved in every phase of
cancer immunoediting (Urosevic and Dummer, 2008).

HLA-G is a non-classical HLA class I molecule that
differs from classical HLA class I molecules by its
restricted distribution to immune privileged sites such as
trophoblast (Menier et al., 2003), thymus (Crisa et al.,
1997), cornea (Le Discorde et al., 2003), pancreas
(Cirulli et al., 2005) and mesenchymal stem cells
(Selmani et al., 2008, 2009). HLA-G plays an important
role in immunotolerance mechanisms by inhibiting the
activity of tumor-infiltrating NK cells, cytotoxic T
lymphocytes and APC through binding with inhibitory
receptors present in immune cells such as ILT-2
(LILRB1/CD85j), ILT-4 (LILRB2/CD85d) and
KIR2DL4 (CD158d) (Carosella et al., 2008a). The
immunoinhibitory properties of HLA-G are believed to
be beneficial in pregnancy, organ transplantation and
autoimmune disease by promoting uterine implantation
of the embryo, accepting solid allografts, and turning
down immune reaction against self-components.
However, they become deleterious in cancer and viral
infections by allowing tumor cells and viruses to evade
anti-tumor or anti-viral responses (Carosella et al.,
2008a). Consequently, these biological functions of
HLA-G may play an important role in clinical
applications at the diagnostic, prognostic and therapeutic
levels.

Concerning oncology, HLA-G expression has been
detected in a variety of human neoplastic diseases in
situ, but not in the surrounding normal tissues (Carosella
et al., 2008a). In addition, soluble HLA-G (sHLA-G) is
increased in body fluids when compared to normal
healthy controls or benign disease cases (Pistoia et al.,
2007). In the past few years, increasing evidence has
shown that HLA-G can be used as a tumor immune
escape-associated tumor marker for cancer diagnosis and
prognosis, as well as a potential target for cancer
immunotherapy. In this review, we summarize available
literature data as well as our own works on HLA-G in
cancer, and address some of the issues concerning its
application in human neoplasia.

HLA-G as a prognostic marker for cancer patients

Ever since the first description of HLA-G expression
in tumor cells (Paul et al., 1998), there have been
numerous studies demonstrating that HLA-G gene
transcription and protein are aberrantly expressed in
various types of tumor lesions (Carosella et al., 2008a,b).
Interestingly, the detection of HLA-G was reported to be
correlated with certain clinicopathological parameters
which are associated with disease progression in
melanoma (Ugurel et al., 2001), ovarian and breast
cancers (Singer et al., 2003; Davidson et al., 2005), lung
cancer (Urosevic et al., 2001) and endometrial cancer
(Barrier et al., 2006). These studies have indicated that
HLA-G might serve as a clinical marker in the
prediction of clinical outcomes for those diseases.

Indeed, as summarized in Table 1, abundant studies
have established a correlation between HLA-G
expression and patients’ clinical outcome, including
overall survival rate and the risk of developing
metastatic disease. By using immunohistochemical
(IHC) assay, Yie and colleagues demonstrated that HLA-
G expression in tumors was significantly correlated with
the clinical outcome of patients with colorectal cancer
(CRC) (Ye et al., 2007), gastric cancer (GC) (Yie et al.,
2007a), non-small cell lung cancer (NSCLC) (Yie et al.,
2007b), esophageal squamous cell cancer (ESCC) (Yie
et al., 2007c) and breast cancer (He et al., 2010). These
diseases constitute some of the most common malignant
cancers in the world and represent the most common
causes of cancer-related deaths. Those studies also
showed that the detection of HLA-G expression using
IHC had a strong and independent prognostic value for
the diseases.

Recently, Cai and colleagues observed that HLA-G
expression detected by IHC was associated with the
prognosis of hepatocellular carcinoma (HCC), especially
in early-stage diseases with high expression levels
independently associated with a shortened overall
survival rate and increased tumor recurrence (Cai et al.,
2009). The results were confirmed by another study
performed by Lin and colleagues, in which HLA-G
expression in HCC was strongly correlated with
advanced disease stages (Lin et al., 2010a). This group
also established that HLA-G expression in NSCLC
lesions was strongly correlated with disease stages, and
that patients with higher plasma sHLA-G levels had a
significantly shorter survival time (Lin et al., 2010b).

Concerning malignant hematopoietic diseases,
Nuckel and colleagues retrospectively investigated
HLA-G expression in circulating B chronic lymphocytic
leukemia (B-CLL) cells from 47 patients by the use of
flow cytometry, and found that HLA-G-negative patients
had a significantly longer progression-free survival time
than HLA-G positive patients. In a multivariate analysis,
HLA-G expression was shown to be an independent
prognostic factor (Nuckel et al., 2005). Likewise, Erikci
and colleagues also detected a statistically significant
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correlation between positive HLA-G expression and
progression-free survival in B-CLL patients (Erikci et
al., 2009). Moreover, an elevated expression level of
both membrane-bound and soluble HLA-G (sHLA-G)
has been observed in multi-lineage hematopoietic
malignancies. SHLA-G molecules seem more frequently
expressed than membrane-bound isoforms during
hematologic malignancies. The increased secretion of
SHLA-G is more marked in acute leukemia subtypes,
including monocytic and lymphoid lineages, as well as
both B and T acute lymphoblastic leukemia (Gros et al.,
2006). Sebti et al. (2007) studied sHLA-G expression in
lymphoproliferative disorders and found that sHLA-G
plasma level was significantly increased in 110 of 178
newly diagnosed lymphoid proliferation cases, including
chronic lymphocytic leukaemia (CLL), B non-Hodgkin
lymphomas (NHL) and T-NHL.

Most published data have demonstrated a reverse
correlation between HLA-G expression and cancer
patients’ clinical outcome. However, in some studies,
HLA-G expression was shown to be associated with a
favorable clinical outcome, such as in the case of gastric
cancer (Ishigami et al., 2006) and ovarian cancer
(Davidson et al., 2005). Others have indicated that HLA-
G expression might not have any prognostic value, such
as in the case of multiple myeloma (Leleu et al., 2005)
and B-CLL (Giannopoulos et al., 2008; Perez-Chacon et
al., 2009). The reason behind these contradictory
observations remains unclear. Nevertheless, given the

notion that HLA-G expression favors tumor
development and metastasis in every phase of cancer
immunoediting by impairing anti-tumor immune
response (Urosevic and Dummer, 2008); aberrant
expression of HLA-G in tumors should inevitably result
in unfavorable clinical outcomes.

HLA-G expression and
lymphocytes (TILs)

tumor-infiltrating

The role of the tumor microenvironment has been
extensively evaluated in histopathological findings with
many studies reporting the presence of immune-cell
infiltrates in various neoplasms, called tumor-infiltrating
lymphocytes (TILs). The presence of TILs indicates an
anti-tumor cellular immune response (Yu and Fu, 2006).
In addition, the degree of lymphocytic infiltration and
especially the presence of lymphocytes within tumor cell
nests has been shown to correlate with a better prognosis
in many tumor types, such as ovarian cancer (Zhang et
al., 2003), breast cancer (Demaria et al., 2001),
melanoma (Piras et al., 2005), esophageal cancer
(Schumacher et al., 2001), hereditary nonpolyposis
colorectal cancer (Sandel et al., 2005) and endometrial
cancer (Kondratiev et al., 2004). Therefore, an
examination of the degree of TILs may be used as a
favorable prognostic indicator in the histopathology of
cancer patients. However, not all the research results are
homogeneous as there are studies that relate TILs to a

Table 1. Association of HLA-G expression with clinical outcome in various types of carcinoma.

Type of neoplasia Sa.mp'e Methqu HLA-G expression Associated with survival reference
size detection
Ovarian carcinoma 148 IHC 33-50% Favorite prognostic factor Davidson et al. 2005
Real time PCR +55%
Ovarian carcinoma 41 Western blot ++25% Significantly correlated between HLA-G and survival Jun et al. 2009
IHC +++20%
Breast cancer 39 IHC 41% possible association with shorter disease-free survival Kleinberg et al, 2006
Breast cancer 235 IHC 66% Independent prognostic predictor He et al. 2010
Colorectal cancer 200 IHC 64.6% Independent prognostic predictor Ye et al. 2007
Lung cancer 106 IHC 75% Independent prognostic predictor Yie et al. 2007
Lung cancer 114 ELISA sHLA-G exclusively Both. sHLA-G and sHLA-I are independent prognostic Schiitt et al. 2010
elevated predictor

Esophageal cancer 121 IHC 90.9% Independent prognostic predictor Yie et al. 2007
Gastric cancer 115 IHC Favorite prognostic factor Ishigami et al. 2006
Gastric cancer 160 IHC 71% Independent prognostic predictor Yie et al. 2007
H . o o, High expression HLA-G independently associated with - _.

epatocellular carcinoma 180 IHC + 43%, +++ 57% sort survival and increased recurrence Cai et al. 2009
Hepatocellular carcinoma 219 IHC 50.2% strongly correlated to advanced disease stage Lin et al 2010a,b
Endometrial carcinoma 44 IHC 55% Correlated with disease stages Barrier et al. 2006
Endometrial carcinoma 554 IHC 39.8% mz‘;}:sﬁio::gz?j\%'%na;zoi?;ce)glsvtifhdl\ﬂv:tch_ld'Sease Bijen et al. 2009
Acute myeloid leukaemia 87 FC 18% gsai(txz:ltled with low T lymphocyte and high leukaemic Esgkele;t ae:_léocz)gos;
B-CLL 47 FC 1-54% Independent prognostic predictor Erikci et al. 2009
B-CLL 41 ELISART-PCR NOchangebetween .. iional prognostic value Glannopoulos et al

stages

2008
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worsening outcome in other cancer types (de la Cruz-
Merino et al., 2008).

In vitro experiments have demonstrated that HLA-G
can induce apoptosis of activated CD8+ lymphocytes
and NK cells through mediation of Fas/FasL ligand
(Hofmeister and Weiss, 2003; Lindaman et al., 2006). In
clinical settings, a reverse correlation between HLA-G
expression in tumors and the degree of TILs was
demonstrated in CRC (Ye et al., 2007), GC (Yie et al.,
2007a), NSCLC (Yie et al., 2007b), ESCC (Yie et al.,
2007¢) and breast cancer (He et al., 2010) (Fig. 1). A
significant correlation between HLA-G expression and
TILs score or the counting of CD57-expressing cells was
also evident in CIN patients with HPV infection and
cervical cancer cases, in which HLA-G expression was
significantly higher when compared to CIN patients
without HPV infection and pre-malignant lesions (Dong
et al., 2010). These results confirm the apoptotic effect
of HLA-G on immune cells in vivo, and provide
evidence of the unfavorable effect associated with HLA-
G expression in tumor and patients’ clinical outcome.

Furthermore, TILs are not only composed of tumor-
specific cytotoxic T lymphocytes and NK cells, but also
contain regulatory T cells (T regs) (de la Cruz-Merino et
al., 2008). T regs are a subset of immune T cells that
inhibit the anti-tumor functions of tumor-specific T cells
(Shevach, 2002), and are characterized by the expression
of CD4, CD25 and FoxP3 (Hori et al., 2003). Higher
levels of T regs in both metastatic lymph nodes and the
peripheral blood have been associated with a poor
prognosis in several tumor types, while the depletion of
CD4+CD25+FoxP3 T cells was found to improve tumor
immunity and induce effective tumor rejection (Zou,
2006).

HLA-GS secreted by mesenchymal stem cells have
been found to contribute first to the inhibition of
allogeneic T cell proliferation, and then to the expansion
of CD4(+)CD25(high)FOXP3(+) regulatory T cells in
blocking experiments using neutralizing anti-HLA-G
antibody (Selmani et al., 2008). In clinical settings, Chen
and colleagues reported that CD4+CD25+FoxP3+ T regs
increased markedly in breast cancer patients when
compared to normal controls, with the increased
frequency of T regs strongly correlated to sHLA-G
levels (Chen et al., 2010). However, Cai and colleagues
reported that no correlation between HLA-G expression
and T regs was found, nor with CD8+ TILs in HCC (Cai
et al., 2009). Nevertheless, in their report, a positive
correlation was discovered between HLA-G expression
in tumor and T regs/CD8+ ratio with patients showing
high HLA-G expressions having higher T regs/CD8+
ratios when compared to patients showing low HLA-G
expressions. High T regs/CD8+ ratio was in close
association with larger tumor size, vascular invasion,
elevated AFP levels and advanced stages. In light of this,
it was argued that a combination of HLA-G and T
regs/CD8+ ratio can serve as a better prognosticator,
where patients with concurrent high levels of both
variables had more than three times the risk of death and

tumor relapse than those with concurrent low levels.

In all, these data suggest that the estimation of the
degree and composition of TILs, as well as HLA-G
expression, may be more accurate in assessing cancer
patients’ clinical outcome and host immune response.
This might also explain some of the contradictory
observations concerning HLA-G as a prognostic marker
in certain studies described above.

HLA-G as a diagnostic marker for cancer patients

Tumor marker is a substance found in the blood,
urine, or body tissue, and which has elevated levels in
cancer when compared to other tissue types. There have
been many different tumor markers used in oncology
clinical settings to help detect the presence of cancer
with varying degrees of sensitivity and specificity.
However, most of the presently used tumor markers are
not specific enough for cancer diagnosis because they
are also expressed in a variety of normal tissues, benign
tumors, and non-neoplastic diseases.

Consequently, there is a strong demand for novel
markers with high sensitivity and specificity that
produce a low number of false-negative and false-
positive results in oncology clinical settings. An ideal
biomarker for malignancy will also need to show
variation in expression that is associated with the process
of neoplastic transformation, and should be early
detectable in the pre-malignant phase.

IHC is an important adjunctive test in diagnostic
surgical pathology. Usually, the pathologic diagnosis of
cancer is not difficult even though it is based on
examining the unique morphological features of each
tumor type. However, the diagnosis can be challenging
at times, especially in final needle aspirates and
peritoneal or thoracic washing specimens, where the
amount of tumor cells is insufficient for an optimal
pathological assessment. In this case, HLA-G IHC
staining can be used to distinguish malignant versus
benign neoplasms in patients (Shih, 2007) since HLA-G
expression is restricted to a few normal tissue types, and
is specifically expressed in a variety of neoplastic
diseases in situ, and is associated with the process of
neoplastic transformation (Ye et al., 2007; Yie et al.,
2007a-c; Cai et al., 2009; Jung et al., 2009; He et al.,
2010).

Noninvasive biomarkers in body fluids can be
analyzed rather easily and economically. Therefore, they
have the potential to greatly enhance screening and
monitoring acceptance. SHLA-G derives from the
secretion of soluble isoforms such as HLA-GS5, -G6 and
-G7, as well as from the shedding of proteolitycally
cleaved surface isoforms such as -G1 (Pistoia et al.,
2007). sHLA-G can be detected in the blood and other
body fluids, such as ascites from healthy individuals
utilizing variations of a double determinant
immunoassay as a test system. However, a number of
studies have reported increased levels of sSHLA-G levels
in patients with melanoma (Ugurel et al., 2001), acute
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Fig. 1. Reverse Correlation between HLA-G
expression and host immune response as estimated
by counting the number of TILs. Numerous
lymphocytes are evident in tumors with negative HLA-
G staining in NSCLC (A), ESCC (B), breast cancer
(C), CRC (D), and GC (E), while very few
lymphocytes are present in tumors with strong HLA-G
expression in NSCLC (F), ESCC (G), breast cancer
(H), CRC (l), and GC (J). x 200
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leukemia (Gros et al., 2006), multiple myeloma (Leleu et
al., 2005), neuroblastoma (Morandi et al., 2007),
lymphoproliferative disorders (Sebti et al., 2007), and
breast or ovarian cancer (Singer et al., 2003) when
compared to healthy controls or benign subjects. These
reports provide preliminary evidence that suggests
SHLA-G can be used as a potential biomarker in body
fluids for the diagnosis of cancer.

The receiver operating characteristic (ROC) curve is
a tool commonly used to evaluate biomarker utility in
the clinical diagnosis of disease, especially during
biomarker development research (Perkins et al., 2009).
Singer and colleagues applied a sensitive ELISA to
measure SHLA-G levels in the supernatant of peritoneal
ascites from ovarian and breast cancer patients and
benign control subjects (Singer et al., 2003). In their
study, the levels of SHLA-G were significantly higher in
malignant ascites when compared to benign ascites. In
order to detect ovarian and breast cancer using multiple
cutoff values, the investigators used ROC curves to
evaluate the performance of SHLA-G. The area under
the ROC curve was determined to be 0.95 in assessing
SHLA-G levels as a diagnostic tool. Two other research
groups obtained similar results when they measured and
compared sHLA-G levels in plasma specimens from
breast cancer patients and healthy donors (Chen et al.,
2010; He et al., 2010). In these studies, the areas under
the ROC curves were reported to be 0.953 and 0.98,
respectively.

In our own research work, we also analyzed sHLA-
G in plasma from early stage of patients with NSCLC,
ESCC, CRC and GC and found that sHLA-G levels
increased dramatically in cancer patients when compared
to normal healthy controls. The areas under the ROC
curves were given as 0.97, 0.91, 0.98 and 0.80 for
healthy controls versus CRC, GC, ESCC and NSCLC,
respectively. Given 100% specificity at a cutoff value,
the highest detection sensitivity achieved was 94% (95%
CI: 89-99) for CRC, 85% (95% CI: 76-94) for GC, 91%
(95% CI: 88-94) for ESCC, and 51% (95% CI: 43-59)
for NSCLC (see Fig. 2).

In a recent study of colorectal cancer, Zhu and
colleagues measured sHLA-G levels in serum from
cancer patients and patients with benign colorectal
disease (Zhu et al., 2010). They found that the median
SsHLA-G concentration was significantly higher in
colorectal cancer when compared to normal colorectum,
hyperplastic polyp, inflammatory bowel disease, and
adenoma. The area under the ROC curve was found to
be 0.84 with a sensitivity of 72.2% and a specificity of
87.8%. They also discovered that sHLA-G was superior
to carcinoembryonic antigen (CEA) in terms of
differentiating colorectal cancer from benign colorectal
diseases, and the combination of sHLA-G and CEA
showed a higher detection capacity than using the
individual markers separately.

Table 2 summarizes the available HLA-G data as a
potential biomarker in the diagnosis of human
carcinomas. Nevertheless, the data is still limited, and it

has to be recognized that serum/plasma sHLA-G levels
can be changed with various physiological and
pathological factors such as pregnancy, organ
transplantation, autoimmune disease or viral infection
(Pistoia et al., 2007). Thus, the use of sHLA-G
concentration in body fluids as a biomarker in the
diagnosis and management of malignancies needs to be
explored further. As well, research into how other
clinical status might affect HLA-G levels in
serum/plasma is necessary before any final application
to cancer diagnosis. For that reason, it will be important
to carry out analyses on a large number of samples in
multiple centers.
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Fig. 2. A. sHLA-G levels in plasma samples in patients with early stages
of breast cancer, NSCLC, ESCC, CRC, and GC were compared with
normal healthy controls. A cutoff value was determined when specificity
was set to 100% according to ROC curve analysis. B. ROC curve
analyses of cancer patients versus healthy controls used to assess the
significance of diagnosis by measuring plasma sHLA-G levels in breast
cancer (---), NSCLC (---), ESCC (---), CRC (---) and GC (---). Areas
under the ROC curves are 0.95 for breast cancer, 0.97 for CRC, 0.91 for
GC, 0.98 for ESCC, and 0.80 for NSCLC, respectively.
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Regardless, HLA-G expression has a high specificity
for malignancies. It also has a relatively high prevail rate
in all the common types of malignancies examined, even
though it is not a special marker for any one type of
cancer. Consequently, the detection of sHLA-G in
serum/plasma may be used for screening common types
of cancers on a population. Moreover, a panel consisting
of HLA-G and certain specific tissue markers may be
able to not only identify cancer patients from normal
individuals, but also distinguish patients with specific
types of cancer.

HLA-G as an attractive target for tumor immuno-
therapy

The main premise of cancer immunotherapy is to
restore or further stimulate the patient's immune system
in order to eliminate malignant tumor cells. This can be
achieved through either cancer vaccines or the
administration of drugs consisting of antagonistic
recombinant proteins or neutralizing antibodies to block
immunoinhibiting pathways.

As we know, HLA-G plays an important role in
tumor immune escape mechanisms. Since its expression
in tumor tissues is a unique feature that is highly specific
for malignant transformation and negatively correlates
with clinical outcomes, the molecule is considered an
attractive target for cancer immunotherapy. Many
approaches have been proposed to use HLA-G as a
cancer immunotherapeutic target. These include
revisiting HLA-G expression in tumor cells; intervening
inhibitory pathways; and using antibody delivery
methods to bring cytotoxic drugs to more invasive and
metastatic cancer cells.

With regards to revisiting HLA-G expression in
tumor cells, several anti-cancer drugs have been reported
to be inducers for cancer cells that express higher levels
of HLA-G proteins, resulting in tumor evasion of the
host immune system. For example, 5-aza-2’-
deoxycytidine, a demethylating agent for treating cancer

Table 2. HLA-G as a potential tumor marker for diagnosis in human carcinoma

patients during epigenetic therapy could reactivate HLA-
G protein expression in many cell lines tested (Poldkova
et al., 2009). Similarly, IFN immunotherapy of
malignant tumors can cause immune invasion side
effects by up-regulating the expression of HLA-G at
tumor sites (Mitsdoerffer et al., 2004). Therefore, it
appears that revisiting HLA-G expression in cancer
patients is very important when considering immuno-
therapeutic strategies, such as immunization, which is
currently being used to generate tumor antigen-specific
cytotoxic T cells, IFN administration, or chemotherapy
with DNA demethylating drugs in which the up-
regulation of HLA-G expression may constitute an
adverse effect.

In order to block HLA-G functional pathways,
overcoming the suppressive activity of HLA-G-related
regulatory T cells, or selectively depleting these cells
locally in tumors or draining lymph nodes, may
represent important therapeutic strategies aimed at
inducing effective tumor-specific immune responses
capable of controlling and eradicating tumors (Curiel,
2007; Ballimore and Golkin 2008; Carosella et al.,
2008b).

Since the main inhibitory effects of HLA-G are
mediated by its interaction with lymphocyte
immunoglobulin-like receptors, blocking the reaction by
antagonistic recombinant proteins or neutralizing
antibodies should be beneficial in treating HLA-G-
expressing cancer cells. For example, by using in vitro
allostimulation assays, antibodies against LIR-1 and
LIR-2 have successfully restored T cell proliferation
(Clements et al., 2007). Similar results have been
obtained when treating cancer cells with anti-FasL
antibodies that block the Fas/FasL pathway based on the
idea that secreted HLA-G5 can bind to CD8 and induce
Fas/Fas ligand-mediated apoptosis in activated CD8+
lymphocytes (Hofmeister and Weiss, 2003).

Furthermore, direct application of HLA-G
neutralizing antibodies may minimize the inhibitory
effects of HLA-G molecules. As such, our own research

Type of neoplasia Specimen  Assay Methods ~ Comparison ROC curve area  Specificity %  Sensitivity% References

CRC Sera ELISA 0.842 87.8 72.2 Zhu et al 2010

CRC Plasma ELISA 37 p* vs. 260 c** 0.94 100 94 Cao et al (unpublished data)
Breast cancer Ascetics ELISA 17 pvs. 19 b*** 0.90 100 65 Singer et al, 2003

Breast cancer Plasma ELISA 44pvs.48c 0.95 100 88.1 He et al, 2010

Breast cancer Plasma ELISA 92pvs. 70 ¢ 0.95 Chen et al 2010

Ovarian cancer Ascetics ELISA 24pvs.19b 0.99 100 84 Singer et al, 2003

Ovarian cancer Tissue IHC/western blot Jung et al, 2009

Renal carcinoma Sera ELISA 16 pvs. 144 c 0.733 Li et al, 2009

ESCC Plasma ELISA 58 p vs. 260 ¢ 0.98 100 91 Cao et al (unpublished data)
NSCLC Plasma ELISA 43 pvs. 260 c 0.80 100 51 Cao et al (unpublished data)
Gastric cancer Plasma ELISA 18 pvs. 160 c 0.91 100 85 Cao et al (unpublished data)
Endometrial carcinoma  Tissue IHC 0.75 Barrier et al. 2006

* p: patients; **c: healthy control; *** b: benign tumor
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has shown that allo-CTL response in vitro to MCF-7
breast cells that have positive HLA-G expression was
restored or further strengthened by the addition of anti-
HLA-G antibodies in a cytotoxicity study (He et al.,
2010). Similar results showed that HLA-G expression
dramatically inhibits cell lyses by NK-92 cells, which
could then be restored by the anti-HLA-G
conformational mAb in ovarian cancer cell lines (Lin et
al., 2007).

A target-based chemotherapy can be achieved by
employing HLA-G antibody delivery methods to bring
cytotoxic drugs to tumor tissues, since HLA-G is
specifically expressed in the majority of cases of various
common types of cancer, and is presented as either a
membrane-associated or membrane/cytoplasmic pattern.
Small interfering RNA/small hairpin RNA therapies can
also be employed to arbitrate HLA-G-expressing cells
similar to the antibody-oriented route. Also, anti-HLA-G
antibodies could be utilized for developing a cancer
imaging system to monitor the activity and location of
tumor cells that have been tolerated by the immune
defense system.

Nevertheless, all hypotheses and recommended
methods based upon in vitro experimental results have to
be verified in animal experiments and clinical trials in
order to evaluate their efficacy in clinical applications. In
addition, HLA-G antibodies for a target-based
chemotherapy/radiotherapy have to be aware that recent
research has shown that MSC expresses HLA-G (Favier
et al., 2007). Cytotoxic drugs conjugated HLA-G
anibodies might generate side-inhibitory effects on the
bone marrow stem cells of cancer patients.

HLA-G and other cancer immunoediting markers

During the last decade, many approaches have been
developed to evaluate novel blood-based biomarkers for
the diagnosis of cancer. According to recent reviews,
some tests may offer the potential to improve current
tumor markers in the diagnosis, prognosis and
management of cancer (Hundt et al., 2007; Jotwani and
Gralow, 2009; Gagnon and Ye, 2008, Greenberg and
Lee, 2007; Anderson et al., 2006).

Overall, most of the new tumor markers are
associated with uniqueness of the tumor cells
themselves. However, as described above, disease
progression in cancer patients is not solely determined
by the characteristics of the tumor, but also by the host
immune response. Since tumor immunoediting
mechanisms play a critical role in cancer development,
progress, metastasis and recurrence, it is valuable to
identify specific tumor markers for tumor immune
escape for use in clinical settings.

Many factors in the tumor microenviroment have
been shown to contribute tumor escape, such as the
expression of HLA-G and indoleamine 2,3-dioxygenase
(IDO), the down-regulation of MHC molecules in
tumors, the presence of CD4+CD25+ FaxP3+T regs, and
the expansion of immunosuppressive myeloid cell

populations (Swann and Smyth, 2007). Tumor resistance
to cytotoxic pathways, as observed in tumors with
mutations genes encoding FAS and TRAIL death
receptor 5 (DRS5), and in the overexpression of
antiapoptotic molecules FLIP and BCL-XL are involved
as well (Swann and Smyth, 2007). Theoretically, all of
these factors could be used as biomarkers for malignant
disease and host immune status, but available data
suggests that IDO and Fas/FasL. may have clinical
applications in addition to HLA-G.

Studies show that the detection of IDO expression
may be used as a prognosis indicator in patients with
renal cell carcinoma (Riesenberg et al., 2007), melanoma
(Weinlich et al., 2007), endometrial cancer (Ino et al.,
20006), colorectal cancer (Brandacher et al., 2006) and
hepatocellular carcinoma (Pan et al., 2008). Also, it has
been suggested that soluble FasL might serve as a
prognostic or diagnostic marker in melanoma (Uqurel et
al., 2001; Neuber and Eidam, 2006), lung cancer
(Shimizu et al., 2005; Fokkema et al., 2006), colorectal
cancer (Nadal et al., 2005), cervical cancer (Munakata et
al., 2005), glioma (Strege et al., 2004) and breast cancer
(Reimer et al., 2002).

Moreover, HLA-G and IDO display common
properties in terms of expression, function, and
regulation (Gonzalez-Hernandez et al., 2005). Also, the
Fas/FasL pathway is recruited by HLA-G to exert its
immunosuppressive function on both T cells (Naji et al.,
2007) and angiogenesis (Fons et al., 2006). However,
when compared to HLA-G, both IDO and Fas/FasL
systems are also expressed in a wide range of normal
tissues (Leithauser et al., 1993; Dai and Zhu, 2010).
From this standpoint, IDO and Fas/FasL. may not be as
specific as HLA-G for malignant detection, although all
the molecules have been shown to play crucial
immunosuppressive roles in tumor immunoediting
mechanisms.

Conclusions

One of the main goals in the current research of
HLA-G is applying its use in the clinic, either for
diagnostic/prognostic applications or as a therapeutic
tool/target. There has been persuasive evidence from the
studies cited in this review that suggests HLA-G is a
potential biomarker for the diagnosis and prognosis of
various human cancers. This novel tumor marker differs
from other currently used tumor markers by the
following two unique characteristics: 1) it is expressed in
transformed malignant cells but not in normal or benign
tissues; and 2) it is functionally involved in tumor escape
mechanisms. Given these characteristics, HLA-G is an
attractive target for developing new interventions to
restore host immune response against tumor cells, or can
be used in antibody delivery methods to bring cytotoxic
drugs to cancer cells as in the case of cancer
immunotherapy.

However, the use of sHLA-G as a diagnostic or
screening marker for human cancer needs to be explored
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further. More investigations on how other clinical status
might affect HLA-G levels in serum/plasma should be
performed. Additional analyses on a large number of
samples in multiple centers should be done before any
final application in oncology clinical settings. Moreover,
most of the current emphasis is being placed on HLA-G
as diagnostic and prognostic biomarker, but it is equally
likely that HLA-G can be utilized to monitor therapeutic
responses (Davidson et al., 2005). In patients where
HLA-G expression has been detected, changes in levels
of the molecule might reflect changes in tumor and host
immune status.
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