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Signaling pathway between human leukocyte antigen (HLA)-G and immune inhibitory
receptors immunoglobulin-like transcript (ILT)-2/4 has been acknowledged as one of
immune checkpoints, and as a potential target for cancer immunotherapy. Like other
immune checkpoints, inter- and even intratumor heterogeneity of HLA-G could render a
rather complexity for HLA-G-target immunotherapy. However, little information for
intratumor heterogeneity of HLA-G is available. In this study, HLA-G expression in a
serial section of colorectal cancer (CRC) lesions from three CRC patients (each sample
with serial section of 50 slides, 10 randomized slides for each antibody), three different
locations within a same sample (five CRC), and three case-matched blocks that each
includes 36 esophageal cancer samples, were evaluated with immunohistochemistry
using anti-HLA-G antibodies (mAbs 4H84, MEM-G/1 and MEM-G/2 probing for all
denatured HLA-G isoforms, 5A6G7, and 2A12 probing for denatured HLA-G5 and
HLA-G6 isoforms). Our results revealed that, in addition to the frequently observed
inter-tumor heterogeneity, intratumor heterogeneous expression of HLA-G is common
in different areas within a tumor in CRC and esophageal cancer samples included in this
study. Moreover, percentage of HLA-G expression probed with different anti-HLA-G
antibodies also varies dramatically within a tumor. Given HLA-G has been considered as
an important immune checkpoint, intratumor heterogeneity of HLA-G expression, and
different specificity of anti-HLA-G antibodies being used among studies, interpretation and
clinical significance of HLA-G expression in cancers should be with caution.

Keywords: HLA-G, tumor, heterogeneity, isoform, antibody, colorectal cancer, esophageal cancer
INTRODUCTION

Immune suppressive functions induced by the interaction between human leukocyte antigen-G
(HLA-G) and its immune inhibitory receptors, the immunoglobulin-like transcripts (ILTs), have
been widely acknowledged (1). Receptors ILT-2 and ILT-4 express on various immune cells, the
immune tolerogenic effects induced by HLA-G are comprehensive (2). Due to alternative splicing of
its primary transcripts, seven confirmed HLA-G isoforms (HLA-G1~HLA-G7), and recently
predicted novel isoforms such as lacking a transmembrane region and a1 domain have been
reported (3).
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In the context of cancers, different degree of inter-tumorHLA-G
expression has been observed in most histological types of cancers
studied, and the significance of HLA-G/ILTs signaling pathway as
an immune checkpoint in cancer biology has been highlighted (4).
Look back to its expressionfirstly observed in cancer, themelanoma
lesions in 1998 (5), immune tolerance induced byHLA-G has been
solidified by large numbers of studies both in vitro and in vivo
preclinical experimental animal models (6–8).

HLA-G/ILTs binding can inhibit the proliferation of natural
killer cells (NK), T and B lymphocytes andmaturation and antigen
presentation of dendritic cells (DC), suppress NK and T cell’s
cytotoxic function, B cell’s immunoglobulin production and
neutrophils’ reactive oxygen species production and phagocytosis
capability (9–11). To the contrary, HLA-G/ILTs binding can
promote myeloid-derived suppressor cells (MDSC) proliferation
and polarize M1 macrophages towards to M2 type (12, 13).
Moreover, immune tolerance can be induced by HLA-G-bearing
exosomes between cells at long-distance, and by cellularmembrane
fragments containing HLA-G through trogocytosis in a close cell-
to-cell contactmanner (14, 15). Inpreclinicalmurinemodels,HLA-
G could promote tumor immune escape and growth through
murine MDSC proliferation and Th2 cytokine production, or
reduce T and B cell tumor infiltrate, impair B cell immune
responses in immunocompetent mice (8, 16). Findings also
revealed that HLA-G expression in ovarian cancer cells could
enhance the tumor cell migration and metastasis in tumor-
bearing immunodeficient nude mice through induction of matrix
metalloproteinase-15 (MMP-15) expression (7, 17). Moreover, a
recent study showed that depletion ofCD4lowHLA-G+T cells could
favor the castration-resistance prostate cancer therapy (18).
Echoing the above mentioned in vitro and in vivo preclinical
experimental observations, lesion HLA-G expression was
observed to be closely associated with tumor metastasis, poor
Frontiers in Immunology | www.frontiersin.org 2
tumor cell differentiation, advanced disease stage and worse
survival in a variety of cancers in clinical settings (14).

Inter- and intratumorheterogeneity of immune checkpoints is the
main obstacle for immune checkpoint inhibitor (ICI)
immunotherapy. Consequently, the benefits of the ICI therapy
varies dramatically among patients (19). As a new immune
checkpoint, the inter-tumor heterogeneous pattern of HLA-G
expression is well evidenced; however, information for the
intratumor heterogeneity of HLA-G is very limited. Previous
studies revealed that the degree of HLA-G or its receptors ILT2/4
expression varies markedly among different locations in a primary
renalcell cancer tumor lesion, indicating thecomplexityof intratumor
heterogeneity of HLA-G and its receptor expression (3, 20).

In this study, inter- and intratumor heterogeneity of HLA-G
expression was evaluated with immunohistochemistry using a
panel of anti-HLA-G antibodies (mAbs 4H84, MEM-G/1 and
MEM-G/2 probing for all denatured HLA-G isoforms, 5A6G7
and 2A12 probing for denatured HLA-G5 and HLA-G6
isoforms) in a serial section of colorectal cancer lesions from
three CRC patients, three different locations within a same
sample from five CRC patients, and three case-match blocks
that each includes 36 esophageal cancer samples, and our
findings solidify the heterogeneity of HLA-G in cancers.
MATERIALS AND METHODS

Tumor Lesion Specimen
Tumor lesion specimen and clinical records were retrospectively
reviewed. In this study, three CRC lesions #598937 (Female, 65
years, AJCC stage IIIA), #624267 (Female, 72 years, AJCC stage I
A) and #681878 (Female, 80 years, AJCC stage I A; Table 1), and
each sample was serially sectioned for 50 slides. Slides from three
TABLE 1 | Percentage of HLA-G expression in serial section of colorectal cancer lesions.

Samples Antibodies Percentage of HLA-G positive tumor cells (%) p

#1 #2 #3 #4 #5 #6 #7 #8 #9 #10 Mean

CRC #598937
Female, 65 years, AJCC stage IIIA
Group 1
(All isoforms)

mAb 4H84 88.8 86.9 81.9 88.1 85.0 86.3 91.9 91.3 85.6 91.3 87.71 <0.001
mAb MEM-G/1 65.0 55.0 65.0 61.3 62.9 62.5 67.5 72.5 76.3 62.5 65.05
mAb MEM-G/2 57.5 65.0 68.8 57.5 77.5 77.5 70.0 67.5 75.0 77.5 69.38

Group 2
(HLA-G5/6)

mAb 5A6G7 55.0 45.0 60.0 45.0 41.3 53.8 58.3 50.0 60.0 76.3 54.47 0.108
mAb 2A12 47.5 48.8 50.0 41.3 53.8 46.3 43.8 50.0 57.5 35.0 47.40

CRC #624267
Female, 72 years, AJCC stage IA
Group 1
(All isoforms)

mAb 4H84 94.5 94.1 95.0 94.1 94.1 92.7 94.1 94.1 94.5 92.3 93.95 0.453
mAb MEM-G/1 94.5 89.1 94.1 93.6 94.5 94.1 94.5 93.6 91.8 94.1 93.39
mAb MEM-G/2 93.6 92.7 93.2 94.1 95.0 93.6 93.6 92.7 92.7 94.5 93.57

Group 2
(HLA-G5/6)

mAb 5A6G7 92.7 90.2 90.9 86.8 78.2 92.7 90.0 88.6 93.2 88.6 89.19 0.190
mAb 2A12 91.1 93.2 80.0 89.8 89.9 85.9 89.5 82.3 77.3 84.1 86.31

CRC #681878
Female, 80 years, AJCC stage IA
Group 1
(All isoforms)

mAb 4H84 81.9 80.0 80.6 82.5 84.4 80.6 80.6 84.4 85.0 91.3 83.13 <0.001
mAb MEM-G/1 43.8 45.0 27.5 46.3 50.1 32.5 43.8 60.0 26.3 33.8 40.91
mAb MEM-G/2 0.00 36.3 21.3 18.8 14.4 22.5 6.30 5.00 10.6 26.3 16.15

Group 2
(HLA-G5/6)

mAb 5A6G7 68.3 85.6 76.3 68.8 61.9 61.9 60.6 52.5 39.4 63.8 63.91 0.105
mAb 2A12 69.4 62.5 61.3 68.1 70.6 71.9 72.5 83.8 76.9 72.5 70.95
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different locations within a same sample from another five CRC
samples were obtained #1022488 (Male, 49 years, AJCC stage III
B), #1022363 (Male, 70 years, AJCC stage I A), #1020932 (Male,
75 years, AJCC stage IV A), #1023081 (Male, 75 years, AJCC stage
II A) and #444345 (Male, 86 years, AJCC stage II A; Table 2).
Furthermore, slides from three case-matched blocks that each
includes 36 esophageal squamous cell carcinoma (ESCC)
samples were included in the study. Among 36 ESCC patients
(27male andnine female;median age: 58 years; range from47 to 79
years), there were one patient with stage I B, six patients with II A,
14 patients with II B, seven patients with III A, seven patients with
III B, and one patient with III C. The detailed clinical information
was shown in Table 3. The clinicopathological findings were
determined according to 7th American Joint Committee on
Cancer (AJCC) Tumor-Node-Metastasis (TNM) staging system
(21). None of them received radiotherapy, chemotherapy, or other
medical interventions before the study. All these patients were
diagnosed and treated at Taizhou Hospital of Zhejiang Province,
China, and samples were retrieved by Biological Resource Center,
Taizhou Hospital of Zhejiang Province (National Human Genetic
Resources Platform of China YCZYPT [2017]02). Written
informed consent was obtained from each participant before the
surgical operation, and this study was approved byMedical Ethics
Review Board of Taizhou Hospital of Zhejiang Province.

HLA-G Antibodies and
Immunohistochemistry
Five anti-HLA-Gmurine antibodies were used in this study.mAbs
4H84 (dilution 1:200), MEM-G/1 (dilution 1:100) and MEM-G/2
(dilution 1:100), IgG1 antibodies detect denatured heavy chain of
all HLA-G isoforms (Exbio, Prague, Czech Republic); mAbs
5A6G7 and 2A12, IgG1 antibodies probe denaturized heavy
chain of HLA-G5/HLA-G6 isoforms (dilution 1:100; Exbio,
Prague, Czech Republic). Immunohistochemistry assay was
Frontiers in Immunology | www.frontiersin.org 3
performed on 4-mm-thick, formalin-fixed and paraffin-
embedded tumor lesion sections. Details of the protocols was
according to our previous study (22). Immunohistochemistry
staining was visualized with a Dako EnVison kit (Dako,
Glostrup, Denmark). The percentage of HLA-G positive tumor
cells was determined by presence of HLA-G staining while
irrespective of staining intensity. HLA-G staining was evaluated
by two reviewers who were blind to the patient clinicopathological
information.Membrane or/and cytoplasmic expression ofHLA-G
were interpreted as positive. Percentage of HLA-G-positive tumor
cells was determined by each observer, and the average of scores
was calculated.

Statistical Analysis
Statistical analysis was performed with the SPSS 13.0 statistical
software package (SPSS, Inc., Chicago, IL, USA). Comparison
between groups was analyzed with non-parametric Mann-
Whitney U or Kruskal-Wallis H test. p<0.05 (two-tailed) was
considered statistically significant.
RESULTS

To evaluate the heterogeneity of HLA-G expression in cancers,
three different types of tumor tissue samples were prepared.
a) For three CRC tissue samples (#598937, #624267 and
#681878), 50 slides was serially sectioned for each sample.
Among 50 slides, 10 randomized slides for each antibody
probing. b) Slides from three different zones within a same
sample from another five CRC samples (#1022488, #1022363,
#1020932, #1023081, and #444345), and c) slides from three
case-matched blocks that each includes 36 esophageal cancer
samples. These slides were probed with five different anti-HLA-
G antibodies. Anti-HLA-G antibodies were divided into two
TABLE 2 | Percentage of HLA-G expression in different zones of colorectal cancer lesions.

Sample Sex Age AJCCStage Percentage of HLA-G positive tumor cells (%)

4H84 MEM-G/1 MEM-G/2 5A6G7 2A12

CRC #1022488 Male 49 III B
Zone 1 0.57 2.43 0.27 9.16 2.84
Zone 2 0.71 1.67 0.21 20.29 9.69
Zone 3 2.00 2.22 0.00 7.18 4.42

CRC #1022363 Male 70 I A
Zone 1 14.88 9.25 2.60 22.05 11.90
Zone 2 50.00 0.00 0.00 4.12 24.80
Zone 3 22.00 0.44 0.67 9.42 12.89

CRC #1020932 Male 75 IV A
Zone 1 45.00 8.93 8.74 32.61 24.53
Zone 2 15.58 26.38 7.13 16.13 19.50
Zone 3 13.19 7.00 0.50 24.19 18.13

CRC #1023081 Male 75 II A
Zone 1 59.49 34.14 56.57 4.33 16.43
Zone 2 15.19 55.20 59.23 32.3 19.70
Zone 3 36.32 24.48 14.10 2.74 7.58

CRC #0444345 Male 86 II A
Zone 1 45.30 25.40 34.80 16.23 0.00
Zone 2 13.00 58.82 32.35 41.14 30.59
Zone 3 32.74 33.23 37.42 31.42 27.10
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TABLE 3 | Percentage of HLA-G expression in different blocks of esophageal squamous cell carcinoma.

No. Sex Age AJCC stage Percentage of HLA-G positive tumor cells (%)

Blocks 4H84 MEM-G/1 MEM-G/2 5A6G7 2A12

1 Male 61 III B 1# 40 10 0 0 0
2# 58 10 0 0 0
3# 0 0 5 0 0

2 Male 62 II B 1# 30 30 10 0 0
2# 65 60 40 0 0
3# 80 75 45 0 0

3 Female 54 III A 1# 65 80 45 1 0
2# 98 30 0 0 40
3# 80 80 20 0 0

4 Female 47 II B 1# 60 10 40 0 0
2# 80 30 0 0 0
3# 98 90 90 80 85

5 Male 60 II A 1# 95 90 90 0 80
2# 70 80 30 0 0
3# 95 85 80 0 85

6 Male 53 II B 1# 80 90 70 3 20
2# 80 60 3 0 0
3# 55 70 5 0 3

7 Male 56 II B 1# 60 60 0 0 0
2# 60 55 0 0 0
3# 95 80 85 10 0

8 Female 72 II A 1# 80 85 65 0 0
2# 95 85 15 20 45
3# 90 90 80 5 1

9 Male 72 III A 1# 90 90 90 70 30
2# 70 90 60 0 0
3# 95 85 40 0 1

10 Male 65 I B 1# 0 0 0 0 0
2# 0 0 0 0 0
3# 40 10 0 0 0

11 Male 51 II B 1# 0 0 0 0 0
2# 0 0 0 0 0
3# 20 0 0 0 0

12 Male 56 II B 1# 0 0 0 0 0
2# 30 20 0 0 0
3# 75 20 0 0 0

13 Male 58 III A 1# 0 0 0 0 0
2# 20 0 0 0 0
3# 40 0 80 0 0

14 Male 59 II B 1# 70 55 55 0 0
2# 40 10 0 0 0
3# 98 5 70 0 0

15 Male 79 II A 1# 35 15 30 10 10
2# 35 30 20 0 0
3# 85 5 55 0 10

16 Male 57 II B 1# 70 5 80 60 10
2# 30 65 40 0 0
3# 98 60 30 0 0

17 Female 58 III A 1# 70 80 10 0 0
2# 80 60 90 0 0
3# 40 0 80 0 0

18 Male 59 III A 1# 95 90 80 0 60
2# 95 95 90 2 40
3# 95 85 70 65 45

19 Male 48 II A 1# 20 0 10 0 10
2# 10 80 10 0 0
3# 80 0 0 0 0

20 Male 59 III B 1# 80 80 0 0 0
2# 60 0 0 0 0
3# 40 2 0 0 0

21 Female 58 II B 1# 60 60 0 0 0
2# 40 0 0 0 0
3# 30 0 0 0 0

(Continued)
Frontiers in Im
munology | www
.frontiersin.org
 4
 No
vember 2020 | Volu
me 11 | Article 56
5759

https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Zhang et al. Heterogeneity of HLA-G in Cancers
groups according to the specificity of these antibodies. Group 1:
mAbs 4H84, MEM-G/1 and MEM-G/2, which detect denatured
heavy chain of all HLA-G isoforms; Group 2: mAbs 5A6G7 and
2A12, which detect denaturized heavy chain of HLA-G5/HLA-
G6 isoforms. The representative immunohistochemistry HLA-G
staining patterns of CRC and ESCC were shown in Figure 1.

Intratumor Heterogeneity of HLA-G
Intratumor heterogeneous expression of HLA-G was observed
among different sections and antibodies used in three CRC tissue
samples (#598937, #624267, and #681878).

For the Group 1 antibodies (mAbs 4H84, MEM-G/1, and
MEM-G/2), HLA-G expression was dramatically different in
Frontiers in Immunology | www.frontiersin.org 5
samples CRC#598937 (p<0.001) and CRC#681878 (p<0.001),
while comparable degree of HLA-G expression was observed in
sample CRC#624267 (p=0.453). Among these samples, no
significant variation of HLA-G expression was found for the
Group 2 antibodies (mAbs 5A6G7 and 2A12; Table 1).

Moreover, HLA-G expression in samples from different zones
of a same tumor also varied significantly when detected with a
distinct anti-HLA-G antibody. CRC#1022488 for an example, the
percentage of HLA-G expression detected with mAbs 5A6G7 and
2A12 are much higher than that probed with mAbs 4H84, MEM-
G/1 and MEM-G/2. Zone 2 particularly, percentage of HLA-G
expression detected by mAb 5A6G7 is 20.29% while HLA-G is
nearly negative detected by mAb 4H84 (0.71%). In CRC#1022363,
TABLE 3 | Continued

No. Sex Age AJCC stage Percentage of HLA-G positive tumor cells (%)

Blocks 4H84 MEM-G/1 MEM-G/2 5A6G7 2A12

22 Female 73 II B 1# 60 0 0 0 0
2# 65 0 0 0 0
3# 70 0 0 0 0

23 Male 50 III A 1# 3 0 0 0 0
2# 0 0 0 0 0
3# 15 0 0 0 0

24 Female 58 III B 1# 80 60 30 0 0
2# 85 0 20 0 0
3# 85 70 60 0 0

25 Male 50 III B 1# 60 10 0 0 0
2# 70 0 0 0 0
3# 75 30 30 0 0

26 Female 50 III C 1# 80 55 0 0 0
2# 70 0 55 0 0
3# 85 80 0 0 0

27 Male 70 II B 1# 60 40 0 0 0
2# 10 0 0 0 0
3# 20 10 0 0 0

28 Male 49 II A 1# 85 80 80 80 0
2# 70 0 80 0 3
3# 95 90 85 80 70

29 Male 55 II B 1# 90 40 30 0 0
2# 10 0 0 0 0
3# 85 20 40 0 0

30 Male 53 II A 1# 95 80 80 0 2
2# 60 2 15 2 2
3# 90 70 80 30 10

31 Male 59 III B 1# 65 2 10 0 0
2# 80 0 55 0 0
3# 85 80 70 0 0

32 Male 59 III B 1# 90 90 90 60 0
2# 85 0 40 0 0
3# 95 90 90 30 0

33 Male 51 III A 1# 95 80 70 0 2
2# 90 0 80 3 0
3# 95 30 20 0 2

34 Female 53 II B 1# 90 3 80 0 0
2# 80 0 0 0 0
3# 90 85 60 0 0

35 Male 69 II B 1# 0 0 0 0 0
2# 0 0 0 0 0
3# 80 20 0 0 0

36 Male 54 III B 1# 70 30 20 0 0
2# 90 0 0 0 0
3# 90 60 0 0 0
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the degree of HLA-G detected by mAb 4H84 was 14.88%, 50.0%
and 22.0% in zone 1, zone 2, and zone 3, respectively. HLA-G
expression in zone 2 and 3 was almost undetectable, while HLA-G
was positive in zone 1 when detected by mAbs MEM-G/1 and
MEM-G/2. Moreover, HLA-G expression was observed in all three
zones when detected with mAb 5A6G7 and mAb 2A12,
respectively (Table 2). Similarly, intratumor heterogeneity of
HLA-G expression was also found in case-matched esophageal
cancer blocks (Table 3).

Intratumor Heterogeneity of HLA-G
Isoforms
Distinct pattern and variation of HLA-G expression was also
observed for each antibody for HLA-G detection among 10
randomized slides from a same tumor sample. No significant
variation of HLA-G expression was observed when detected by
mAb 2A12 in CRC#598937 (p=0.1151), mAb 4H84 in
CRC#681878 (p=0.154), and mAbs MEM-G/1 (p=0.203) and
MEM-G/2 (p=0.386) in CRC#624267. HLA-G expression was
found varied dramatically among 10 slides when probed with a
distinct anti-HLA-G antibody (Figure 2A). To be noted, previously
considered as unexpected immunohistochemistry staining patters
such as mAb 4H84neg mAb 5A6G7pos was observed in this study
Frontiers in Immunology | www.frontiersin.org 6
(Table 2). In CRC#1022488, HLA-G expression is low/negative
stained with mAbs 4H84, MEM-G/1, and MEM-G/2, while HLA-
G is positive when stained with mAbs 5A6G7 and 2A12. This
staining pattern now could be explained by the findings that novel
HLA-G isoforms such as lacking the a1 domain was depicted by
Tronik-Le Roux et al. (3) in a renal cancer study. Similar data were
also observed in slides from three different zones within a same
sample from another five CRC samples (#1022488, #1022363,
#1020932, #1023081, and #444345; Figure 2B).

Among 36 ESCC samples, HLA-G expression could be
detected by mAbs 4H84, MEM-G/1 and MEM-G/2, while
HLA-G expression is negative detected by mAbs 5A6G7 and
2A12 in most cases. Moreover, the staining pattern for mAbs
4H84 and 5A6G7 seems more consistent according to their
recognizing epitope in the HLA-G heavy chain, that no mAbs
4H84neg5A6G7pos was observed (Table 3).
DISCUSSION

Inter-tumor HLA-G expression in various types of tumor tissues
has been widely investigated and its clinical significance has been
well acknowledged. A large body of studies have evidenced that
FIGURE 1 | Representatives of intratumor heterogeneous staining of HLA-G expression with different anti-HLA-G antibodies in three blocks of a esophageal
squamous cell carcinoma sample (#444763), and serial sections of two colorectal cancer samples (#624267 and #681878) (400×).
November 2020 | Volume 11 | Article 565759
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higher degree of HLA-G expression in cancers is related to
disease progression and worse clinical outcome (14). Based on
the signaling pathway of HLA-G/ILTs and its clinical relevance,
HLA-G as a potential immune checkpoints is expected (1).
Though ICIs such as targeting the PD-L/PD-L1 is certainly an
effective and promising strategic regime for cancer
immunotherapy, limited effects of the ICIs therapy resulted
from inter- and intratumor heterogeneous expression of
immune checkpoints is gaining concern (19).

Indeed, the degree and percentage of HLA-G in cancers varies
significantly among different types of cancers which have been
observed to be negative in uveal melanoma to totally positive in
hydatidiform moles (23, 24), and inconsistent HLA-G findings
among different cohorts or laboratories existed in most cases
even on a same type of cancer such as breast cancer (25–27) and
CRC (22, 28–30). These controversies might be raised by the
different specificities of HLA-G monoclonal antibodies, varied
laboratory technical procedures, or different composition and
HLA-G genetic backgrounds of the included cohorts (14, 31). In
line with this, our data showed that different staining pattern of
HLA-G expression has been observed between the CRC and
ESCC, where HLA-G is almost negative in ESCC but positive in
CRC samples when detected by mAbs 5A6G7 and 2A12. This
finding indicated that HLA-G isoforms could be differentially
regulated among different types of cancers. Moreover,
mechanisms involved in regulation of HLA-G expression are
complex. In addition to the HLA-G genetic variations both in 5′-
upstream regulatory region and in 3′-untranslated region which
Frontiers in Immunology | www.frontiersin.org 7
comprise binding sites for transcription factor and microRNAs
and epigenetic modifications (32), other environmental factor
such as hypoxia, cytokines, hormones, and even immunotherapy
chemicals and radiation have been acknowledged to be related to
the regulation of HLA-G expression (33–35).

Intratumor heterogeneity of HLA-G expression has
been firstly detailed in 19 primary renal cell cancer (RCC)
tumor tissues. HLA-G expression was sharply differed either
between samples or inside a tumor tissue (20). In that study,
with mAb 4H84, authors revealed that various degree of
HLA-G expression exists among different areas (zones) as
they illustrated in sample RCC#2 (70% in area T1, 37% in T2,
58% in T3 and T4, respectively), while no HLA-G expression
was observed in the T1 or T2 areas in sample RCC#10. In
line with their findings, as our data in this study revealed that
intratumor heterogeneous expression of HLA-G is a common
phenomenon among different zones within a sample in CRC
and ESCCs. According to these results, similar findings that
intratumor HLA-G heterogeneity could be expected in other
malignancies. Shortly afterwards, with transcriptome analysis in
RCC samples, they further depicted that, besides the already
identified HLA-G1~HLA-G7 isoforms, novel HLA-G isoforms
without an a1 domain and transmembrane region could be
existed (3). This important finding do explain previously
unexpected immunohistochemistry staining patters such as
mAb 4H84neg mAb 5A6G7pos, which was observed in our
study such as the CRC#1022488 and other samples. In this
context, in an our previous study, we found 44 out of 379
A

B

FIGURE 2 | Intratumor heterogeneous staining of HLA-G expression with different anti-HLA-G antibodies in (A) serial sections of three colorectal cancer samples
(each sample with 50 serial sections, 10 randomized slides for each antibody). Dot represents each section. Black line represents median. Comparison among the
sections was analyzed with analyzed with Kruskal-Wallis H test. (B) three different zones within a same sample (five CRC samples). Dot represents each zone. Black
line represents median.
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(11.6%) CRC patients were with the staining pattern of mAbs
4H84neg 5A6G7pos, and CRC patients with the patterns of mAbs
4H84neg 5A6G7pos had a longer survival time than those with
the pattern of mAbs 4H84pos5A6G7neg (36). However, future
investigations for the biological functions and clinical
significance of novel HLA-G isoforms with mAbs 4H84neg

5A6G7pos are extremely necessary.
However, our study have notable limitations. First, this study

is based on a very limited size of patients and types of cancers,
the real-world of the heterogeneity of HLA-G expression in
more different types of cancers and in larger cohorts of cancer
patients remain to be explored. Second, being the very limited
size of the patients included, clinical significance of the
heterogeneity of HLA-G and HLA-G isoform expression in
cancers is still unknown. Third, potential mechanisms
underlying the heterogeneity of HLA-G in cancers remain to
be uncovered. Finally, more specific antibodies for HLA-G
isoforms are needed to define the clinical significance of a
particular HLA-G isoforms.

In summary, our study revealed a rather high degree of
intratumor heterogeneity of HLA-G expression in cancers, and
degree of HLA-G expression is also varied among anti-HLA-G
antibodies with different specificities. Therefore, to evaluate the
clinical significance of HLA-G expression in cancers, important
issues including location of the tumor tissues isolated, HLA-G
isoforms and specificity of the anti-HLA-G antibodies should
be concerned.
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