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Aberrant expression of human leukocyte antigen G (HLA-G) has been proposed to be involved in tumor escape
mechanisms. It has been also proposed that detection of HLA-G might service as a potential biomarker for
diagnosis or prediction of the clinical outcomes in ovarian and breast cancers, carcinoma of the lung and
endometrial cancer. The aim of this current study is to determine if HLA-G is expressed in colorectal
carcinomas and if the expression is associated with clinicopathological and prognostic data. The expression of
HLA-G was investigated immunohistochemically in 201 patients with colorectal carcinomas. The correlation
between HLA-G status, clinicopathological factors and the overall survival rate was analyzed. In this
prospectively study, HLA-G protein expression was observed in 64.6% (130/201) of the primary site colorectal
carcinomas, but not in the normal colorectal tissues or benign adenomas. HLA-G expression in the tumors was
significantly correlated with the depth of invasion, histological grade, host immune response, lymph nodal
metastasis and clinical stages of the disease (P¼ 0.001, 0.0001, 0.002, 0.001 and 0.031, respectively). Patients
with HLA-G positive tumors had a significantly shorter survival time than those patients with tumors that were
HLA-G negative (P¼ 0.0001). As well, in multivariate analysis, HLA-G demonstrated an independent prognostic
factor (P¼ 0.021, relative risk 3.14; 95% confidence interval, 1.34–8.10). Therefore, it can be gathered that HLA-G
might serve as an independent prognostic factor for colorectal cancer patients.
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Colorectal cancer is one of the most common
cancers in the western world, and remains a major
cause of cancer-related death in both men and
women.1 Although colorectal cancer is less common
in China, other than in the more economically
developed regions, the incidences of colorectal
cancer has been steadily increasing over the past
few decades.2,3

An assessment of prognosis, based on features of
the resected tumor is valuable to the triage of
patients who may benefit from adjuvant therapy.
Currently, clinicopathological staging is the most
important prognostic factor for determining the

clinical outcome of colorectal cancer.4 However,
patients with similar stages of the disease may have
various outcomes. Therefore, there exists a great
need to identify useful prognostic markers in
guiding treatment decisions and/or in developing
more effective treatments.

Human leukocyte antigen G (HLA-G) is a non-
classical major histocompatibility (MHC) class Ib
antigen. Its expression in normal tissues is limited to
trophoblastic cells,5 placental chorionic endothe-
lium,6 activated monocytes7 and thymic epithelial
cells.8 However, it is not found in other healthy
tissues expressing MHC class Ia antigens. In the
neoplasm, HLA-G is expressed in all trophoblastic
tumors,9 and in clinical specimens such as melano-
ma,10 renal cell carcinoma,11 carcinoma of the
lung,12 breast carcinoma,13 lymphomas,14 ovarian
carcinoma,15 endometrial adenocarcinoma16 and
various gastrointestinal cancers including pancrea-
tic ductal adenocarcinoma, ampullary cancer, bili-
ary cancer and colorectal cancer.17
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HLA-G has been postulated to mediate immunal
tolerance during pregnancy by suppressing alloreactive
CD4þ T-cell proliferation18,19 and inhibiting NK-cell-
and T-cell-mediated cytolysis.20–22 HLA-G expression
in cancer cells has also been hypothesized to play a
role in the evasion of immunosurveillance by host
T-lymphocytes and NK cells.23 Interestingly, the detec-
tion of HLA-G was reported to be correlated with some
clinicopathological parameters in lymphoma,24–26 mel-
anoma,24,27 ovarian and breast cancers,15,28 carcinoma
of the lung,12 and endometrial cancer.16 These studies
have indicated that HLA-G might serve as a clinical
marker for the diagnosis or prediction of the clinical
outcomes of those diseases. The purpose of our study
is to examine the histological sections of colorectal
cancer for the presence of HLA-G protein, from which
we can test our hypothesis that the immunohisto-
chemical detection of HLA-G can be a reliable
prognostic marker for patients with colorectal cancer.

Materials and methods

Patients and Tissue Samples

A total of 201 patients with colorectal adeno-
carcinoma, diagnosed and treated between 2002
and 2005 in three hospitals located in Chengdu,
Sichuan, PR China, were investigated in our study.
Of the 201 tumors evaluated, 40% (80/201) were
colon in origin and 121 were primary rectal cancers.
The mean age at the time of diagnosis was 64 years
(s.d.¼ 13.3 years), and there were 106 male patients
and 95 female patients.

The patients had no previous diagnosis of carci-
noma, and none of them had a history of hereditary
colon cancer syndrome. In addition, none of them
had preoperative chemotherapy or radiotherapy.
However, after surgery, for both colon and rectal
cancers, patients with stage I to III tumors received
oral 5-fluorouracil and patients with stage IV tumors
had 5-fluorouracil-based systemic chemotherapy
without any radiation.

The clinicopathological findings were determined
according to the classification of malignant tumors
as set out by the International Union against tumor-
node-metastasis (TNM).29 Out of the 201 cancer
patients, 21% (42/201) were classified as being in
stage I, 38% (77/201) were in stage II, 39% (78/201)
were in stage III and 2% (4/201) were relegated to
stage IV. Eighty-five available patients were fol-
lowed up after the evaluation of HLA-G expression
for a period of 36 months or until death. The average
follow-up time for surviving patients was 27 months
(range, 3–36 months) and during the follow-up
period, there were 20 cancer-related deaths (23%).

All histological samples were taken from the
primary lesion in the colon–rectum. No specimens
from metastatic disease sites were included in this
study. All tissue specimens underwent microscopic
confirmation for pathological features before the
inclusion in this study. Twenty sections of normal

colorectal tissue and 20 adenomas were also exam-
ined. This study was approved and monitored by the
ethics committee at each of the three hospitals.

Anti-HLA-G Monoclonal Antibody

A monoclonal (mAb) antibody against HLA-G
named HGY was made by standard procedures from
splenocytes of Balb/c mice that were immunized
with HLA-G proteins purified from the first trime-
ster placenta tissue.30,31 Specificity for the HLA-G
proteins was demonstrated by Western blotting and
immunohistochemistry in the following manner.
First, the mAb was able to detect both the surface
(38–39 kDa) and secreted forms (34–35 kDa) of HLA-
G proteins in cytotrophoblast and JEG-3 choriocar-
cinoma cell line cell lysate. Second, no classic class
I molecules could be detected in several human cells
expressing distinct HLA class I alleles and pooled
white blood cell lysates. Third, the HLA-G proteins
were able to stain to paraffin-embedded trophoblast
tissue sections, but not to paraffin-embedded nor-
mal tissue sections.

Immunohistochemistry

Four-micrometer thick sections of the paraffin-em-
bedded tissue blocks were cut and mounted on poly-
lysine coated slides. They were dewaxed in xylene
and rehydrated through a graded series of ethanol.
After deparaffinization, antigen retrieval treatment
was performed at 1201C (autoclave) for 5 min in a
10 nmol/l sodium citrate buffer (pH 6.0). Endogenous
peroxidase activity was blocked by using a 0.03%
hydrogen peroxide solution containing sodium azide
at room temperature for 30 min. Next, anti-HLA-G
monoclonal antibody (1:400) was incubated over-
night at 41C. After which, a thorough washing in a
0.01 M phosphate-buffered saline (PBS) solution was
performed. Subsequently, binding sites of the pri-
mary antibody were visualized using a Dako EnVison
kit (Dako, Denmark A/S) in accordance with the
manufacturer’s instructions. Finally, sections were
faintly counterstained with hematoxylin and
mounted with glycerol gelatin. Cytotrophoblast from
first-trimester human placenta served as a positive
protein control and negative controls were achieved
by omissions of the primary antibody. The specificity
of the HLA-G staining was further confirmed by a
pre-incubation of the anti-HLA-G monoclonal anti-
body with blocking purified HLA-G protein. This in
turn abolished cytotrophoblast staining.

Evaluation of Staining

All sections were blindly analyzed by two experi-
enced pathologists (HY, KL or DD T) under a light
microscope. Based on the estimated percentages of
positive cells and/or the immunostaining intensity,
which was determined by comparing the immuno-
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reactivity of three positive controls that were
included in each experiment, staining results were
divided into four categories: (�) tissue specimens
without staining, (þ ) tissue specimens with less
than 25% of the cancer tissues and/or weakly
stained, (þ þ ) tissue specimens with 25–50% of
the cancer tissue and/or moderately stained and
(þ þ þ ) tissue specimens with more than 50% of
the cancer tissue and/or strongly stained.

Host Immune Response Estimation

Host immune response was assessed by estimating
the number of intratumoral lymphocyte infiltration
in 76 colorectal cancer patients.32 Out of these
patients, rectal and colon cancers were 47 (60%)
and 29 (40%), respectively, and HLA-G positive and
negative expressions were 67 and 33%, respectively.
The proportions of colon vs rectal cancers as well as
HLA-G positive vs negative expressions in the 76
cases studied were similar to that of the whole
population. Based upon the estimated number of
infiltrated lymphocytes within the areas of five
high-power fields, host immune response features
were scored as strong, moderate or weak.

Statistical Analysis

All statistical analyses were carried out with the
SPSS software program. Correlations between the
degree of staining and the subgroups according to
the clinical and pathological classifications were
calculated using the Pearson w2 test. The Kaplan–
Meier method was used to estimate the overall
survival rate as a function of time. Survival
differences were analyzed using the log-rank test.
The Cox proportional hazard model was used for
univariate and multivariate analysis of the prognos-
tic factors. Po0.05 was considered to be significant.

Results

HLA-G Expression in Primary Colorectal Cancer

The immunohistochemical staining resulted in a
visualization of the HLA-G as a brown-stained
product. HLA-G was not stained in normal color-
ectal tissues (Figure 1a) and benign adenomas
(Figure 1b). However, we observed HLA-G protein
immunoreactivity in 65% (130/201) of malignant
specimens, in which 18% (24/130) was regarded as
strongly expressed (þ þ þ ), 31% (41/130) was
moderately expressed (þ þ ) and 50% (65/130)
was weakly expressed (þ ). HLA-G was presented
as either a membrane-associated (8%) or cytoplas-
mic pattern (2%). However, in the majority of cases
(90%), it was presented as both (Figure 1c). Seventy-
one cases of colorectal cancers (35%) were found to
have negatively stained HLA-G.

Correlation with Clinicopathological Parameters

To seek the role of HLA-G expression in colorectal
cancer, we next examined the correlation of HLA-G
expression with the clinicopathological features
such as age, gender, tumor locations, tumor types,
depth of wall invasion, histological grade, host

Figure 1 Immunohistochemical staining of colorectal cancer,
benign adenoma and normal colorectal tissues. (a) is representa-
tive example of normal colorectal tissue, (b) is a benign adenoma
and (c) colorectal cancer. Original magnification: �200.
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immune response, nodal status and stages of the
disease (Table 1). We found a positive correlation
between histological grades, depth of wall invasion
and advanced disease stages (P¼ 0.0001, 0.001 and
0.031, respectively). We also found a reverse
correlation between HLA-G expression and host
immune response (P¼�0.002). As further illu-
strated in Figure 2, host immune response was
weak in patients with a strong HLA-G expression
whereas HLA-G negative patients were associated
with a strong immune response. HLA-G expression
was more frequent in colon cancers or in tumors
located in the ascending and transverse colon
(hence referenced as ‘proximal’) than in rectal
cancers (P¼ 0.017) or in the descending colon,
sigmoid colon and rectum (hence referenced as
‘distal’) (Po0.0001). As shown in Table 2, further
analysis found that there were more cases of the

early cancer stage (stage I) in rectal cancers (26%) or
distal tumors (27%) than that in colon cancer (12%)
or proximal tumors (3%). This indicated that the
differences between colon/proximal tumors and
rectal/distal tumors were caused by the different
cases of the disease stages in the studied population.
In the case of nodal status, HLA-G expression
frequency seemed to be higher in patients with
nodal metastasis than those with negative nodes.
However, this did not produce any statistical
significance (P¼ 0.07). Similarly, HLA-G expression
in patients with nodal metastasis was significantly
higher in colon/proximal tumors than in rectal/
distal tumors (P¼ 0.001) when the patients were
further divided into colon or proximal and rectal or
distal subgroups (Table 3). There was no significant
correlation of HLA-G expression with respect to age
or gender (P¼ 0.620 and 0.876, respectively).

Table 1 Correlation of clinicopathological parameters with HLA-G expression

Clinicopathological parameters No. of cases HLA-G expression P-value

(�) (+) (++) (+++)

Age
rMedium (64 years old) 105 37 35 24 10
4Medium 96 34 30 17 14 0.62

Gender
Male 106 39 34 21 12
Female 95 32 31 20 12 0.867

Tumor location
Distal 146 65 37 31 13
Proximal 55 6 28 10 11 0.0001

Tumor type
Colon cancer 80 22 36 15 7
Rectal cancer 121 49 29 26 17 0.017

Histology
Well+moderate 176 65 61 36 14
Poor 25 6 4 5 10 0.0001

Host immune responsea

Weak 43 7 20 8 8
Moderate 23 12 8 3 0
Strong 10 6 2 2 0 0.002

Depth of invasion
pT1 25 16 6 2 1
pT2 123 41 43 26 13
pT3 44 12 15 12 5
pT4 9 2 1 1 5 0.001

Lymph node metastasis
Yes 73 19 29 13 12
No 128 52 36 28 12 0.07

TNM stages
Stage I 41 23 7 7 4
Stage II 77 23 30 18 6
Stage III and IV 83 25 28 16 14 0.031

a
Host immune response was assessed by estimating number of intratumoral lymphycytes infiltration.
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Correlation with Patients’ Survival

Within a period of 36 months of the post-assay
follow-up, 20 cancer-related deaths occurred. Two of
the deaths came from the 48 patients with HLA-G

negative tumors, and 18 of the deaths were from the
37 patients in the HLA-G positive group. In the
entire cohort, the overall survival rate of patients
with HLA-G negative tumors were significantly
higher when compared to those with HLA-G
positive tumors (96 vs 51%; P¼ 0.001, log-rank test;
Figure 3a). The same significant differences in the
overall survival rate between the two groups of
patients were also observed in combined stages I
and II (P¼ 0.020, Figure 3b) and stages III cases
(P¼ 0.01, Figure 3c). The 3-year survival rate of
HLA-G negative and positive cases in stages II and I
were 100 and 61%, respectively. In stage III, the
survival rate was 82 and 42%, respectively. Stage IV
was not considered because of the limited number of
cases (n¼ 4).

To compare with other clinicopathological factors,
the effect of age, gender, depth of invasion, histolo-
gical grade, nodal status and stages of the disease on
the patients’ survival were also analyzed. As shown
in Table 4, only the factors of nodal status and
disease stages had a significant effect on the overall
survival rate.

Univariate survival analysis was performed to
investigate possible prognostic impact of HLA-G in
colorectal cancer. As evident in Table 5, the
expression of HLA-G correlated with a worsening
of the survival probability, which was statistically
significant. This was also confirmed by a multi-
variate survival analysis including age, gender,
depth of invasion, histological grade, nodal status,
stages of the disease and HLA-G status. All of these
analyses suggest that HLA-G expression in tumor
cells is an independent prognostic factor for color-
ectal cancer patients (relative risk¼ 3.14; 95%
confidence interval: 1.34–8.10, P¼ 0.021).

Discussion

In this study, we have demonstrated that HLA-G
protein was expressed in 65% of colorectal cancer
specimens (Table 1). A number of other studies on
epithelial tumors including colorectal cancer have
been previously reported in which HLA-G protein
expression determined by immunohistochemistry
was seen in 54% of colorectal cancers,33 50–61% of
ovarian cancers,9,15 25% of invasive ductal breast
cancers,9 61% of renal cell cancers,10 55% of
endometrial adenocarcinoma16 and 52–79% in var-
ious gastrointestinal cancers.17 The different results
obtained with the various types of malignancies may
reflect the differences in the biology of the various
types of tumors analyzed in the patient population,
and/or it may reflect the sensitivity of the methods
used to detect the HLA-G antigens in the malignant
lesions. Furthermore, the regulation of HLA-G gene
expression may differ among different tumor types,
and it may be influenced by the tumor microenvir-
onment, as well as by the pathogenesis underlying
the malignant transformation of the cells.

Figure 2 Correlation between HLA-G expression and host
immune response: (a) lymphocytes are very few in tumors with
strong HLA-G expression (þ þ þ ); (b) numerous lymphocytes
are present in tumors with weak HLA-G expression (þ ) and
(c) numerous lymphocytes are evident in tumors with negative
HLA-G staining.
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Our results also revealed that epithelial cells of
the normal colon–rectum or colorectal benign
adenoma lacked any positive expression of the
HLA-G antigen. The results are consistent with
most other reported data34 and strongly support
the notion that HLA-G expression is a highly
specific marker for malignant transformation.9,15,16,28

It has been hypothesized that one of the mechan-
isms for the aberrant re-expression of HLA-G in
malignant lesions was due to the altered genomic
controls during the process of malignant transforma-
tion.16 Thus, it can be further hypothesized that
more aggressive cancers that have less organized
genetic control may have more frequent HLA-G
expression. Our study revealed that there was a
statistically significant association between HLA-G
expression and the various stages of colorectal
cancer, where HLA-G positive staining was seen in
43% of stage I patients and in 70–71% of patients
with stages II to IV (Tables 1–3). We also found that a
statistically significant correlation existed between
HLA-G protein and the clinicopathological factors of
depth of invasion, histological grade, host immune
response and nodal status. However, the correlation
did not extend to factors such as age or gender (Table
1). Similarly, other reports including Urosevic et al
found that HLA-G immunoreactivity correlated with
high-grade histology in the cancer of the lung.12 In
advanced-stage ovarian cancer, HLA-G expression
in effusions and metastases was significantly corre-
lated,15 and a significant correlation was apparent
with increasing HLA-G protein staining and increas-
ing stages of endometrial adenocarcinoma.16 All of

these findings together with our own suggest that
HLA-G status might yield unfavorable prognosis for
some types of epithelial cancer.

Currently, the TNM system represents the main
tool for identifying prognostic differences among
patients with colorectal cancer.4 The reported
survival rate at 5 years is 90.5% for stage I patients,
67.9% for stages II and III and 9.4% for stage IV
patients.35 In our prospective 3-year follow-up
study, the overall survival rate was 88% for stage I
patients, 87% for stage II and 57% for stage III
patients (Table 4). However, we showed that there
was a significant correlation between the overall
survival rate and the HLA-G status regardless of the
disease stages. The univariate and multivariate
analyses performed also suggested that HLA-G
status, along with the tumor stages and nodal status
were strong predictors for the final clinical outcome
(Table 5). All of our results lend credence to the idea
that HLA-G status plays an important role in the
clinical outcome of colorectal cancer. However, to
fully substantiate the concept, further investigations
with longer follow-up terms after the initial assay
test are needed.

In colorectal cancer, the presence of many tumor
associated antigens and their relationship with
clinicopathological parameters have been de-
scribed.36,37 After surgery, adjuvant chemotherapy
was indicated in patients with node metastasis.
Although up to 40% of the patients with negative
nodal status will eventually develop a recurrent
disease during their lifetime, the role of adjuvant
chemotherapy in this setting is still unclear.38

Table 2 Effect of stages of the disease on HLA-G expression in tumor types and in tumor location

Stages Tumor types P-value Tumor locations P-value

HLA-G (�) HLA-G (+) HLA-G (�) HLA-G (+)

Colon Rectal Colon Rectal Proximal Distal Proximal Distal

I 5 19 5 13 2 17 0 23
II 8 17 26 26 3 27 23 24
III+IV 9 13 27 33 0.031 1 21 26 34 0.001

Table 3 Correlation between HLA-G expression and nodal status in colon and rectal carcinoma, or in proximal and distal tumors

HLA-G expression Tumor types P-value Tumor locations P-value

pN (�) pN (+) pN (�) pN (+)

Colon Rectum Colon Rectum Distal Proximal Distal Proximal

(+) 24 52 33 21 52 24 33 21
(�) 9 47 14 1 43 9 18 1
Total 33 99 47 22 0.001 95 33 51 22 0.001
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Identifying those patients with high-risk colorectal
cancer would be of great benefit for improving the
treatment strategies in the node-negative diseases.

Considering the immunomodulatory function as
assigned to HLA-G molecules, its expression in
malignant cells may represent one of various
mechanisms used by the tumor cells to escape
immune surveillance.34,39 In this study, the finding
of a significant reverse correlation that exists
between HLA-G expression and host immune

response provides further evidence to support the
role that HLA-G plays in tumor escape mechanisms.
As a result, this might grant them survival advan-
tages over HLA-G negative tumors, which ultimately
lead to unfavorable clinical outcomes.34 Besides
altered genomic controls, the upregulation of HLA-G
expression has also been proposed to be affected by
tumor environmental factors, such as cytokines,
stress and by agents used in chemotherapy, such
as demethylating molecules.34 It is known that
interferon-g upregulates the expression of HLA-G
in ovarian cancer and that this is associated with the
resistance to lysis by peptide and allospecific CD8þ
T cells.40 Therefore, the detection of HLA-G expres-
sion might be beneficial in planning adjuvant
therapy, especially when an immunotherapy has
already been planned. Furthermore, HLA-G in
tumor cells has been seen to be significantly
lower in effusions obtained during or following
chemotherapy.15 This discovery might suggest that
HLA-G status could be a valuable marker for
monitoring chemotherapy as well.

In conclusion, we have demonstrated that HLA-G
is expressed in majority of colorectal carcinomas.
We have also established that HLA-G expression, as
measured by immunohistochemistry in the primary
tumor, has a strong and independent prognostic
value in human colorectal cancer and therefore,
making HLA-G protein staining a useful prognostic

Table 4 Kaplan-Meier estimates of the overall survival rate
dependent on age, gender, depth of invasion, histological grades,
nodal status, and stages of the disease in the colorectal cancer
patient follow-up period of 3–36 months

Parameters Survival rate % Log-rank test

Age
r64 years old 76.7 (33/43)
464 years old 76.2 (32/42) 0.397

Gender
Male 74.4 (29/39)
Female 78.3 (36/46) 0.307

Depth of invasion
pT1 90.0 (9/10)
pT2 76.9 (40/52)
pT3 69.6 (16/23) 0.34

Histology grade
Well+Moderate 81.3 (39/48)
Poor 70.3 (26/37) 0.143

Nodal status
No 86.5 (45/52)
Yes 60.6 (20/33) 0.009

Stages
I 88.2 (15/17)
II 86.8 (33/38)
IIIa 56.7 (17/30) 0.012

a
Stage IV was not considered because of the limited number of cases.

Figure 3 Kaplan–Meier estimates the overall 3-year survival
curves of colorectal cancer patients with HLA-G negative (—)
and HLA-G positive (- - -) for the entire cohort, P¼ 0.001 (a), as
well as for patients with stage I/II, P¼ 0.020 (b) or stage III,
P¼0.01 (c) disease.
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marker. Further investigations with a longer-term
follow-up period will provide better insights into
the role that HLA-G expression plays in tumor
escape mechanisms.
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