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Abstract

Objectives: Overexpression of human leukocyte antigen G (HLA-G) in several malignant tumors has been reported. The aim of our
study was to investigate HLA-G expression in colorectal cancer tumors and determine HLA-G expression relation between clinico-
pathological characteristics and survival time.
Methods: HLA-G expression was evaluated by immunohistochemistry (IHC) using anti-HLA-G antibody in 100 primary tumors of
colorectal cancer with different stages.
Results: Our results showed that 25% of the colorectal cancer tissues had positive HLA-G expression and 75% no stained with anti-
HLA-G antibody. The HLA-G expression in advanced stages (III and IV) was more prevalent than those in earlier clinical stages (I and II)
(P = 0.0001). Results showed that HLA-G expression can serve as an independent factor for overall survival (OS). In this study, patients
with HLA-G expression had significantly shorter survival time than those with negative expressions (P = 0.023).
Conclusions: HLA-G expression can serve as an independent factor for OS and its expression may be directly related to aggressive
tumor behavior via escape from the host antitumor immune defense. Protein expression of HLA-G correlates with poor prognosis
in colorectal cancer.
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1. Introduction

Colorectal cancer is the fourth common cancer in men
after stomach, bladder, and prostate cancer and second
one among women after breast cancer (1, 2).

During the process of tumor development in colorec-
tal cancer, evasion of immune surveillance and suppres-
sion of the immune system are two important traits of can-
cer cells (3, 4). These two pathways include a: down reg-
ulation of HLA class I expression, and b: ability of tumor
cells to regulate the expression of non-classical HLA class I
molecules (HLA-E and HLA-G) (5).

HLA-G is a non-classical major histocompatibility com-
plex (MHC) class Ib antigen (6) whose physiologic expres-
sion is limited to extra villous trophoblastic cells, thymic
epithelial cells, pancreatic islets, and erythroblasts (7-9).
However, tumor cells can express HLA-G on the cell surface
(10, 11).

HLA-G induces tolerance by binding to inhibitory re-
ceptors, such as the immunoglobulin-like transcript (ILT)
receptor 2 present on lymphoid and myelomonocytic cells
(12) and ILT-4 expresses by dendritic cell, macrophages,

and monocytes (13, 14). In addition, natural killer (NK)
cells represent an HLA-G-specific receptor named killer cell
immunoglobulin-like receptor (KIR) (15). HLA-G directly in-
teracts with different immune cell subpopulations and in-
duces the maintenance of tolerance at different stages of
the immune response. Therefore, further tumor cell es-
cape from immune surveillance will occur (6).

Several studies have examined HLA-G expression in col-
orectal cancer with conflicting results in researches. It has
been reported that expression of HLA-G is correlated with
escape from immune surveillance during colon cancer de-
velopment (16). Patients with positive HLA-G tumors had a
significantly shorter survival time than patients with neg-
ative HLA-G tumors (17). Another study has reported there
was no significant relation between clinicopathological
characteristics and tumor HLA-G expression (18). Kawin
et al. examined HLA-G by immunohistochemistry and re-
verse transcriptase polymerase chain reaction (RT-PCR),
but they did not detect HLA-G expression in either mRNA
or protein levels (19). Nevertheless, more studies are defi-
nitely needed to demonstrate the role of HLA-G in suppres-
sion of the immune system and maybe these findings con-
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tribute to the development of new cancer immunotherapy.
The aim of this study is to evaluate the association of HLA-
G expression with clinicpathological parameters and sur-
vival time in Iranian colorectal cancer populations.

2. Methods

2.1. Patients and Tissue Samples

Our historical cohort study was approved by the ethics
committee of the Research institute for gastroenterology
and liver diseases (RIGLD), Shahid Beheshti University of
Medical Sciences, Tehran, Iran, and all participating pa-
tients provided written informed consent for their infor-
mation to be stored in the databases of RIGLD and to be
used for research. The study population consisted of 100
colorectal cancer patients, of which paraffin-embedded tu-
mor tissue was available. All patients had been diagnosed
and treated with surgery between 1995 and 2016 in the
RIGLD. The clinicopathological factors were determined
according to the classification of malignant tumors as set
out by the international union against tumor node- metas-
tasis (TNM).

Tumor and clinicopathological data were retrieved
from the patients’ medical files and pathology reports; in
addition, the survival time of these patients was confirmed
until May 2016 using telephone inquiries.

2.2. Immunohistochemical Staining

We detected the expression level of HLA-G by immuno-
histochemistry (IHC) in examining tumor. A mouse mono-
clonal anti-HLA G antibody (ab52455 clone 4h84: AbCam,
UK); 4H84 mAb (specific for a peptide located in the α1
extracellular domain common to all HLA-G isoforms) was
used in IHC staining. IHC for HLA-G tumor expression was
performed on 4 µm-thick sections, which were cut from
each receiver block and mounted on polylysine coated
slides. The slides were deparaffinized 3 times in 100% xy-
lene, 5 minutes each, and rehydrated in a graded series of
ethanol from 100% to 70%. Endogenous peroxidase activ-
ity was blocked for 20 minutes in 0.3% hydrogen perox-
ide solution containing methanol at room temperature.
For antigen retrieval, slides were boiled in Tris-EDTA Buffer
(pH 9.0) for 15 minutes at maximum power (100°C) in a
microwave oven. Next, anti-HLA-G monoclonal antibody
(1:100) was incubated for 1.5 hours, after which a thorough
washing in a 0.01M phosphate-buffered saline (PBS) solu-
tion was performed. Binding sites of the primary antibody
were visualized using a Dako Envision anti-mouse (K4001;
DAKO Cytomation, Glostrup, Denmark) that was incubated
for 1h at room temperature. Subsequently, sections were

visualized using 3, 3-diaminobenzidine solution (DAB). Tis-
sue sections were counterstained with haematoxylin, de-
hydrated and finally mounted with glycerol gelatin.

The pathological features of all specimens and HLA-
G expression results were confirmed by two pathologists
from the department of pathology, gastroen-terology and
liver diseases research center. IHC staining resulted in
a visualization of the HLA-G as a brown-stained prod-
uct. As shown in Figure 1, representative images of HLA-
G immunohistochemical for cytotrophoblast from first-
trimester human placenta served as a positive control (Fig-
ure 1A). For negative control, placenta which underwent
the whole IHC staining without primary antibody was
served (Figure 1B). Normal colorectal tissue was not stained
with HLA-G but colorectal cancer tissue was stained with
anti-HLA-G antibody (Figure 1C and 1D, respectively).

2.3. Statistical Analysis Result

Statistical analysis was performed using the SPSS soft-
ware, version 16.0.0 (SPSS Inc., Chicago, IL). Depending
upon the nature of the data, Pearson’s chi-square test,
Fisher’s exact test, or the Mann- Whitney U test were used
to compare variables.

Associations between tumor expressions of HLA-G and
various clinicopathological variables, such as age, gender,
tumor stage, and tumor differentiation (well, moderate
and poor), were analyzed using the chi-square test. To eval-
uate the effect of the above-mentioned variables on sur-
vival univariate and multivariate, regression analyses were
done using the Cox proportional hazard regression model,
and Kaplan-Meier (log-rank test) curves were plotted. The
significance of all statistics were recorded if P < 0.05.

3. Results

The analysis of HLA-G expression was performed on 100
colorectal cancer patients with stages I-IV. Clinicopatholog-
ical features of patients are shown in Table 1. Of 100 sam-
ples analyzed, 59 were from male and 41 were from female
subjects 49% of whom were under 62 years old. The mean
age at the time of diagnosis was 50.52 years (SEM = 1.543
years). 51 patients had a primary tumor of the colon and
49 patients had primary tumor of the rectosigmoid. Of the
100 colorectal rectal cancer patients, 20% were diagnosed
with metastases to other organs.

3.1. HLA-G Expression in Primary Colorectal Cancer

To find out the role of HLA-G expression in colorectal
cancer, we investigated the correlation of HLA-G expres-
sion with the demographic and clinicopathological pa-
rameters such as age, gender, TNM stage, tumor differen-
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Figure 1. Representative images of immunohistochemical HLA-G expression in human placenta and colorectal tissues

A, positive HLA-G staining in human placenta tissues; B, negative HLA-G staining in human placenta tissues; C, negative HLA-G staining in normal colorectal; D, positive HLA-G
staining in colorectal cancer tissue.

tiation, tumor location, family history, vital status, and mi-
crosatellite instability (MSI) status (Table 2).

HLA-G expression was seen in 25 patients out of 100 pa-
tients (25%) and the majority of the cases (75%) were not
stained with HLA-G antibody. We also found that positive
staining for HLA-G in the primary tumor in men was higher
than women (28.8% vs 19.5%) that was not statically signifi-
cant. Tumors with positive HLA-G expression in the colon
were comparable with those of the rectosigmoid. Con-
sidering tumor stage and HLA-G expression, Pearson chi-
square test showed that HLA-G expression in stages III and
VI (72%) was significantly higher than those in the stages I
and II (28%) (P < 0.0001). We found no significant differ-
ences between positive and negative HLA-G expression re-
garding gender, age, differentiation, metastasis, and MSI
status.

3.2. Correlation of HLA-G Expression with Overall Survival

All the characteristics with prognostic value in over-
all survival (age, gender, tumor stage, MSI status, tumor
differentiation, family history and HLA-G expression) were
inserted in Cox model (univariate and multivariate analy-
ses). We did not find any significant correlation between

overall survival and these prognostic factors, except for
HLA-G expression.

Univariate and multivariate analyses showed that tu-
mors with HLA-G expression have poor prognosis com-
pared with tumors without HLA-G expression (Table 3).

Overall survival curves relative to HLA-G expression
presented in Figure 2. Patients whose tumors showed loss
of HLA-G had significantly a better overall survival (OS) (P
= 0.023) compared to patients with tumors with positive
HLA-G expression.

4. Discussion

HLA-G plays an important role in prevention of miscar-
riage because of its fetoprotective effects by suppression
of the maternal immune system (7). However, it has been
reported that HLA-G expression in cancer cells lead to es-
cape from the host’s immune system (20). As shown in Ta-
ble 4, the published data on HLA-G expression in different
types of cancers had conflicts as follows: the positive rate
of 90.9% positivity in esophageal squamous cell carcinoma
(21) and 62.8% in cervical cancer (22), 60% and 38.88% in
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Table 1. Clinicopathologic Characteristics of Total Patients

No. (%)

Age, y

< 60 49 (49)

> 60 51 (51)

Gender

Male 59 (59)

Female 41 (41)

Tumor stage

I 14 (14)

II 45 (45)

III 37 (37)

IV 4 (4)

Differentiation

Well 56 (56)

Moderate- Poor 44 (44)

Location

Colon 51 (51)

Rectusigmoid 49 (49)

Metastasis

Yes 20 (20)

No 80 (80)

Family history

Yes 43 (43)

No 57 (57)

MSI status

MSH 10 (10)

MSL 10 (10)

MSS 80 (80)

Vital status

Live 74 (74)

Dead 26 (26)

breast cancer (23, 24) and different frequency of HLA-G ex-
pression in colorectal cancer.

Based on our results, HLA-G determined by immuno-
histochemistry was not expressed in normal colorectal tis-
sues. However, 25% of the 100 colorectal cancer patients
had positive HLA-G expression, which is consistent with
Zeestraten et al. data in which they reported 20.3% HLA-G
expression (18). In line with results of Ye et al. we detected
that expression of HLA-G significantly increased as the clin-
ical stage advanced and patients in III-IV stages had sig-

 P = 0.023
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Figure 2. Overall Survival Curves Relative to HLA-G Status for All Colorectal Cancer
Patients (N = 100)

nificantly higher HLA-G positivity than patients with early
stages (17), but Zeestraten et al. have reported that HLA-
G expression in colorectal cancer patients was not corre-
lated with clinicopathological characteristics (18). How-
ever, we did not find a statically significant correlation be-
tween HLA-G expression, and age, gender, tumor differen-
tiation, familial history, metastasis, location of tumor and
MSI status (Table 2).

Furthermore, in our study univariate and multivariate
analyses showed that tumors with HLA-G expression had a
poor prognosis compared to tumors with negative expres-
sion. These results correlate with Ye and Guo reports (17,
25). Zeestraten et al. have reported that HLA-G expression
was not related to OS and DFS (18) contrary to this study.
We found that patients with positive HLA-G expression dis-
played relevance to shorter overall survival despite low fre-
quency of expression (25%) compared with negative HLA-G
expression using Kaplan-Meier analysis that is consistent
with other studies (17, 25).

4.1. Conclusions

Our results demonstrate that patients with advanced
stage had higher HLA-G expression and shorter survival
than those with negative expression and HLA-G can be used
as an independent prognostic factor. All these findings
support the important role of HLA-G in immune surveil-
lance of colorectal tumor cell that leads to escaping from
the immune system. Considering Table 4, it can be gath-
ered that HLA-G expression in colorectal cancer had contro-
versial results. Therefore, to HLA-G protein expression eval-
uation is suggested by anti-HLA-G antibodies such as a po-
tentially useful prognostic indicator. Moreover, in cancer
with overexpression of HLA-G, more studies are needed to
design strategies for inhibiting HLA-G expression in cancer
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Table 2. Correlation Between the HLA-G Expression and Well-Established Prognosis Factors in Colorectal Cancer Patientsa

HLA-G

Variables Total No expression Expression χ2 -P Value

Age, y 0.419

≤ 60 49 (49) 35 (71.4) 14 (28.6)

> 60 51 (51) 40 (78.4) 11 (21.6)

Gender 0.291

Male 59 (59) 42 (71.2) 17 (28.8)

Female 41 (41) 33 (80.5) 8 (19.5)

TNM stage 0.0001

I, II 59 (59) 52 (88.1) 7 (11.9)

III, IV 41 (41) 23 (56.1) 18 (43.9)

Differentiation 0.352

Well 56 (56) 44 (78.6) 12 (21.4)

Moderate-Poor 44 (44) 31 (70.5) 13 (29.5)

Location 0.083

Colon 51 (51) 42 (82.4) 9 (17.6)

Rectusigmoid 49 (49) 33 (67.3) 16 (32.7)

Metastasis 0.564

Yes 20 (20) 14 (70) 6 (30)

No 80 (80) 61 (76.2) 19 (23.8)

Family history 0.56

Yes 43 (43) 31 (72.1) 12 (27.9)

No 57 (57) 44 (77.2) 13 (22.8)

MSI status 0.70

MSH 10 (10) 8 (80) 2 (20)

MSS/MSL 90 (90) 67 (74.4) 23 (25.6)

Vital status 0.018

Live 74 (74) 60 (81.1) 14 (18.9)

Dead 26 (26) 15 (57.7) 11 (42.3)

Abbreviations: MSH, MSI-High; MSI, microsatellite instability; MSL, MSI-Low; MSS, microsatellite stable; TNM stage, tumor node- metastasis.
aValues are expressed as No. (%).

immunotherapies that can be combined or not with other
treatments.
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Table 3. Univariate and Multivariate Cox Regression Analyses of Possible Prognostic Variables and Parameters That Correlate with Overall Survival

Variables Univariate Analysis Multivariate Analysis

Hazard Ratio for Death P Value Hazard Ratio for Death χ2 -P Value

Gender 0.643 0.382

Female 1 ref. 1 ref.

Male 0.826 (0.368 - 1.854) 0.671 (0.274 - 1.642)

Age 0.447 0.425

≤ 60 1 ref

> 60 1.349 (0.624 - 2.919) 1.425 (0.597 - 3.399)

Location of tumor 0.173 0.432

Colon 1 ref. 1 ref.

Rectusigmoid 0.581 (0.266 - 1.269) 0.698 (0.285 - 1.711)

Differentiation 0.121 0.078

Poor- moderate 1 ref. 1 ref.

Well 0.513 (0.22 -1.192) 0.443 (0.179 - 1.094)

TNM stage 0.729 0.496

I, II 1 ref. 1 ref.

III, IV 0.827 (0.403 - 1.887) 2.18 (0.231 - 20.601)

HLA-G expression 0.028 0.045

No 1 ref. 1 ref.

Yes 1.551 (1.049 - 2.295) 1.016 (1.016 - 2.574)

MSI status 0.218 0.262

MSH 1 ref. 1 ref.

MSS/MSL 0.284 (0.038 - 2.103) 0.299 (0.036 - 2.463)

Metastasis 0.306 0.213

No 1 ref. 1 ref.

Yes 0.635 (0.267 - 1.513) 0.533 (0.199 - 1.433)

Abbreviations: MSH, MSI-High; MSI, microsatellite instability; MSL, MSI-Low; MSS, microsatellite stable; TNM stage, tumor node- metastasis.
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Table 4. HLA-G Expression in Several Solid Tumors

Type of Cancer Method HLA-G Protein Expression, % Results Reference

Colorectal cancer IHC 64.4

1. HLA-G expression was
significantly correlated with
the clinicopathologic
characteristics.

(17)
2. Patients with HLA-G
positive tumors had a
significantly shorter survival
time 3. HLA-G expression can
serve as an independent
factor for OS.

Colorectal cancer/cell RT-PCR IHC 87.17

1. The expression of HLA-G
mRNA was significantly more
frequent in colorectal cancer
than in the extraneoplastic
tissue.

(16)
2. HLA-G protein expression
on colorectal cancer cells may
be correlated with escape
from immunological
surveillance during colon
cancer development.

Colorectal cancer IHC 29

1. HLA-G expression in the
primary tumors was not
significantly correlated with
liver metastasis.

(26)
2. Regarding HLA-G
expression no significant
difference between
synchronous or
metachronous onset of liver
metastasis was observed.

Colorectal cancer IHC 20.3

1. HLA-G tumour expression
was not related to OS (Overall
Survival) and DFS
(disease-free survival).

(18)
2. None of the
clinicopathological
characteristics were
significantly related to
tumour expression.

Colorectal cancer IHC 70.6

1. Expression of HLA-G was
only significantly associated
with a pathological diagnosis.

(25)
2. Patients with HLA-G
expression had a significantly
poorer overall survival

Endometrial
adenocarcinoma

IHC 55 1. The stage of cancer was
significantly correlated with
HLA-G staining

(27)

Breast cancer IHC 60

1. Of the patients with no
tumor expression of HLA-G,
56% of patients were relapse
free after 10 y.

(24)
2. Of the patients with tumor
expression of HLA-G, 39% of
patients were relapse free
after 10 y.
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Breast cancer

IHC

38.88

1. HLA-G expression
significantly correlated with
inflammatory grade of breast
cancer lesions.

(23)
PCR 2. There was no significant

relationship between HLA-G
expression and tumor grade,
type, and patient age.

Gastric cancer IHC 45.21

1. HLA-G expression decreased
as the clinical stage advanced.

(28)2. Survival rate in the
HLA-G-positive group was
significantly higher than
those with negative
expression.

3. HLA-G expression may play
a role in the early clinical
stages by protecting cancer
cells from tumor infiltrating
effectors.

Gastric carcinoma IHC 71

1. HLA-G expression in the
tumors was significantly
correlated with
clinicopathologic
characteristics.

(29)

2. Survival rate in the
HLA-G-positive patients was
significantly shorter than
those with negative
expression.

3. HLA-G was an independent
prognostic factor.

Esophageal squamous cell
carcinoma

IHC 90.9

1.HLA-G expression was
significantly correlated with
clinicopathologic
characteristics

(21)

2. Patients with positive
HLA-G expression had a
significantly worse prognosis.

3. HLA-G expression was an
independent prognostic
factor.

Cervical cancer IHC 62.8

1. HLA-G expression was
associated with the disease
progression in patients

(22)
2. HLA-G expression in stages
III and IV was higher than
those of stages I and II.
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