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Soluble HLA‑G (sHLA‑G) 
measurement might be useful 
as an early diagnostic biomarker 
and screening test for gastric 
cancer
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Gastric cancer (GC) is the fifth most frequent malignancy worldwide and has a high mortality rate 
related to late diagnosis. Although the gold standard for the GC diagnosis is endoscopy with biopsy, 
nonetheless, it is not cost‑effective and is invasive for the patient. The Human leukocyte antigen G 
(HLA‑G) molecule is a checkpoint of the immune response. Its overexpression in cancer is associated 
with immune evasion, metastasis, poor prognosis, and lower overall survival. We evaluate the plasma 
levels of soluble HLA‑G, (sHLA‑G) in patients with GC and benign gastric pathologies using an ELISA 
test. A higher concentration of sHLA‑G in patients with GC than in those with benign pathologies, 
higher levels of plasma sHLA‑G in women with GC compared with men and significant differences 
in the sHLA‑G levels between the benign gastric pathologies evaluated, was our main findings. As 
no significant differences were found between the GC assessed stages in our study population, we 
suggest that sHLA‑G is not an adequate marker for staging GC, but it does have diagnostic potential. 
In addition to providing information on the potential of sHLA‑G as a diagnostic marker for GC, 
our study demonstrate that HLA‑G molecules can be found in the membrane of exosomes, which 
highlights the need to perform studies with a larger number of samples to explore the functional 
implications of HLA‑G positive exosomes in the context of gastric cancer, and to determine the clinical 
significance and possible applications of these findings in the development of non‑invasive diagnostic 
methods.

The International Agency for Research on Cancer (IARC) in 2020 reports a significant rise in the annual burden 
of GC, with an estimated 1.8 million new cases and approximately 1.3 million deaths expected by 2040, repre-
senting alarming increases of approximately 63% and 66%,  respectively1. GC incidence and mortality rates are 
comparable across most of the Americas attributed to the lack of screening measures and ineffective therapeutic 
strategies, particularly for the advanced stages of the disease. While endoscopy with biopsy remains the most 
reliable diagnostic tool for GC, its invasiveness and associated costs make it less suitable for routine screening 
 purposes2. The use of a non-invasive and easily accessible sample, such as liquid biopsy, which includes samples 
like blood, saliva, urine, and  others3,4, coupled with a simple and inexpensive test such as ELISA, for detecting 
tumor-released molecules would significantly contribute to early detection efforts and potentially save lives by 
identifying gastric cancer at its earliest stages.
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Currently, several tumor markers such as: alpha-fetoprotein (AFP), and carbohydrate antigen 72-4 (CA72-4) 
can be detected in serum, and are available for clinical applications, since they have a high diagnostic sensitivity 
and specificity for several types of digestive tract, lung, and ovarian  cancers5. However, these markers do not 
have enough sensitivity and specificity for the GC  diagnosis6.

HLA-G is a non-classical HLA class I molecule whose principal function is tolerogenic, inhibiting all the 
immune system cells. This molecule has a dynamic expression pattern determined by the presence of seven iso-
forms generated by alternative splicing of the primary transcript: four are membrane-anchored (HLA-G1-G4) 
and three are soluble and secreted (sHLA-G5-G7). Additionally, another soluble molecule is generated by pro-
teolytic cleavage of the membrane HLA-G1 isoform [membrane HLA-G1  isoform7,8. It has been reported that 
HLA-G can be found in the tumor cell membrane, free in plasma, or as a membrane bond molecule on tumor 
cells-derived exosomes. Considering the impact of the immunoregulation induced by HLA-G expression and 
considering the role that different HLA-G subcomponents can have in the immune system of cancer patients, it 
can be assumed that the HLA-G detection in any of its forms may have clinical utility as a biomarker for the GC 
screening, in patients with gastric symptoms, to support the early diagnosis and follow up. Moreover, due to the 
wide distribution of HLA-G receptors on all the immune cells, HLA-G could have the potential as a therapeutic 
target for the control of several cancer types.

In GC, HLA-G expression correlates with a Treg cell infiltration associated with tumor progression and a 
low 5-year overall survival rate. This immune checkpoint molecule participates in immune evasion inducing an 
increased frequency of Treg cell infiltrates, suggesting that its expression may be a good biomarker of a worse 
prognosis and a therapeutic target for immunotherapy in  GC9. On the other hand, there is enough evidence 
that the HLA-G expression can be useful for the differential diagnosis between healthy controls, benign gastric 
diseases, and malignancies such as gastric, colon, esophageal, and lung cancer, and thus, it may be a useful bio-
marker for cancer  screening10. HLA-G expression is associated with clinical parameters such as disease stage, 
differentiation degree and nodular status, and contribute to create an immune tolerant microenvironment, 
allowing the tumor to escape  immunosurveillance11. It has been demonstrated that the incorporation of sHLA-
G and other relevant cancer biomarkers such as CA125, CA19-9 and CA72-4, as a combined diagnostic tool, 
improves the precision and reliability of GC screening and diagnosis, contributing to better patient  outcomes12. 
However, prospective studies are required to validate the sHLA-G potential as a serum biomarker for diagnosis, 
prognosis, or treatment  response13.

sHLA-G level can be considered also as a useful indicator for the early diagnosis because high sHLA-G expres-
sion levels are associated with early stages in GC patients and induces immune suppression, facilitating tumor 
 progression14,15. Additionally, different sHLA-G subcomponents may represent dissimilar qualitative prognostic 
impacts on the clinical outcome as sHLA-G expression in exosomes (sHLA-Gev) is associated with disease 
progression and high free sHLA-G is associated with longer overall progression-free  survival16, and considering 
that the diagnostic potential of HLA-G in cancer has not been explored in Colombia, we evaluated the plasma 
levels of free sHLA-G in patients with benign gastric pathology and GC using an ELISA assay, to determine if the 
expression levels of this molecule in plasma can be used for the early detection of GC and to predict the clinical 
course of the disease in these patients.

Results
Characteristics of the population. sHLA-G Plasma levels were quantified on N = 480 patients: 36.1% 
(n = 173) with GC and the remaining 63.9% (n = 307) with benign gastric pathology. Demographic and clinical 
characteristics are presented in Tables 1 and 2.

The most frequent type of malignant pathology was intestinal adenocarcinoma 101 (58.4%), followed by 
signet ring cell adenocarcinoma (26.0%). The degree of differentiation was poorly differentiated in 39.9% of the 
patients. Most of the patients were in advanced stages III and IV (27.2% and 29.4% respectively). The 30.6% of 
GC patients presented relapse of the disease and the 43.4% died at the end of follow-up. Regarding benign gastric 
pathologies, chronic gastritis was the most frequent (86.3%) (Table 2).

sHLA‑g expression levels. In both groups, the sHLA-G expression levels showed an asymmetric distri-
butional behavior (Fig. 1A,B), with a concentration between 0 and 30 ng/ml of sHLA-G in plasma. GC patients 
showed significantly higher levels of sHLA-G in plasma compared with those of the benign gastric pathologies 
group (p-value < 0.01) (Fig. 1C). The median expression levels of sHLA-G in GC patients were 8.50 ng/ml (0.53–
127.0 ng/ml), while in benign pathology patients was 6.92 ng/ml (0.53–76.3 ng/ml). Although among the group 
of GC patients, sHLA-G expression levels in women were significantly higher than in men (p-value = 0.026) 
(Fig. 2A), in the case of patients with benign pathologies, there were no significant differences in the sHLA-G 
expression levels between men and women (Fig. 2C). When we compared the sHLA-G expression levels between 
the distinct types of malignant pathologies, no significant differences were found (p-value = 0.419). However, the 
highest sHLA-G expression levels were found in the group “others” that corresponds to gastrointestinal stromal 
tumors (GIST) (12.5 ng/ml) (Fig. 2B). When we compared the expression levels of sHLA-G between the dis-
tinct types of benign gastric pathologies, sHLA-G expression levels were significantly different (p-value < 0.01). 
These differences were found between polyps and others (24.8 ng/ml vs 9.30 ng/ml, p-value = 0.044), polyps 
and chronic gastritis (24.8 ng/ml vs 5.60 ng/ml, p-value < 0.01) and between peptic ulcer and chronic gastritis 
(15.4 ng/ml vs 5.60 ng/ml, p-value < 0.01) Fig. 2D).

sHLA‑Gev confirmation assays. We propose an initial verification of the tumor cells capability to pro-
duce HLA-G positive exosomes, in addition to release free soluble HLA-G into the extracellular space contribut-
ing to the overall expression and functional roles of HLA-G in the tumor microenvironment to delve deeper into 
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the role of HLA-G in transmitting inhibitory signals to effector cells or activating specific signaling pathways 
upon fusion with the target cell membrane.

Exosomes isolated from plasma of GC patients with high sHLA-G expression levels in plasma were confirmed 
by Nanoparticle Tracking Analysis (NTA) carried out with a pool of 5 samples per study group. We included 
cases of benign pathologies and GC in stages 1, 2, 3 and 4, for 25 samples. This method allows us to visualize and 
measure nanoparticles in suspension, based on the analysis of the Brownian movement through light scattering. 
Exosomes were obtained from the 6–7th to 14th fraction of each sample extracted through molecular exclusion 
chromatography and the presence of isolated particles ranging between 100 and 200 nm, which corresponds to 
the size of exosomes reported in the literature, was demonstrated by NTA (Fig. 3A).

In addition to NTA, we performed a TEM analysis on a pool of 5 samples from patients at various stages of 
the disease, to verify the shape and size of the particles evaluated in each sample. TEM analysis showed spherical 
structures with a size varying between 50 and 110 nm (Fig. 3B), consistent with previously reported charac-
teristics of exosomes, and like the one reported for the NTA (200 nm) (Fig. 3B) which allows us to confirm the 
results obtained by NTA and carry out a dot blot assay to identify proteins from the tetraspanin superfamily, 
which are among the most abundant membrane proteins of EV. A total of five samples were analyzed using dot 
blot technique with monoclonal antibodies targeting CD9, CD63, TSG-101 and HLA-G proteins.

Positive results for tetraspanins CD9, CD63 and TSG-101 were found from the 6–7th to 14th fractions of each 
sample extracted and HLA-G positive exosomes were observed in the same fractions (Fig. 4). Regarding the flow 
cytometry, we found HLA-G expression in all exosome samples analyzed (Data not shown). To confirm these 

Table 1.  Demographic and clinical characteristics of patients diagnosed with gastric cancer. SD Standard 
deviation. † Expression level in median [interquartile range]. ¶ Wilcoxon signed rank testc. § Kruskal–Wallis test. 
**Only one patient presented stage in situ.

Characteristic N = 173 sHLA-G† p-value

Gender¶, n (%)

 Male 119 (68.8) 13.8 [13.7] 0.026

 Female 54 (31.2) 6.44 [12.5]

Age at diagnosis (years)

 Mean ± SD 59.3 ± 12.9

Age  group¶, n (%)

  ≤ 60 years 87 (50.3) 6.56 [12.6] 0.168

  > 60 years 86 (49.7) 9.36 [15.9]

Type of  pathology§, n (%)

 Intestinal adenocarcinoma 101(58.4) 6.82 [13.7] 0.419

 Signet ring cell adenocarcinoma 45 (26.0) 8.04 [15.0]

 Other 27 (15.6) 12.5 [13.6]

Differentiation  degree§, n (%)

 Well-differentiated 15 (8.70) 9.68 [10.6] 0.607

 Moderately differentiated 54 (31.2) 6.40 [17.3]

 Poorly differentiated 69 (39.9) 7.20 [11.0]

 No data 35 (20.2) 12.5 [12.8]

Tumor  location§, n (%)

 Pyloric Antrum 49 (28.3) 8.91 [17.4] 0.227

 Cardias 41 (23.7) 6.36 [11.2]

 Body 73 (42.2) 9.33 [14.4]

 No data 10 (5.80) 13.2 [7.72]

Tumor  stage§, n (%)

 In situ 1 (0.60) 127**

 I 14 (8.10) 3.35 [6.13] 0.082

 II 29 (16.8) 7.85 [16.7]

 III 47 (27.2) 6.89 [13.5]

 IV 51 (29.4) 11.2 [13.2]

 No data 31 (17.9) 12.0 [12.4]

Relapse¶, n (%)

 Yes 53 (30.6) 6.90 [14.2] 0.876

 No 120 (69.4) 9.06 [14.2]

Vital  state¶, n (%)

 Dead 75 (43.4) 9.33 [13.9] 0.361

 Alive 98 (56.6) 8.18 [13.8]
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Table 2.  Demographic and clinical characteristics in patients diagnosed with benign gastric pathologies. SD 
Standard deviation.

Characteristic N = 307

Gender, n (%)

 Male 134 (43.6)

 Female 173 (56.4)

Age at diagnosis (years)

 Mean ± SD 50.6 ± 15.9 

Institution, n (%)

 Hospital Universitario de la Samaritana 142 (46.3)

 Centro Policlínico del Olaya 165 (53.7)

Type of pathology, n (%)

 Chronic gastritis 265 (86.3)

 Peptic ulcer 8 (2.61)

 Polyps 6 (1.95)

 Others (stenosis, esophagitis, and colitis) 28 (9.12)

Figure 1.  Expression levels of HLA-G in patients with gastric cancer (n = 173) and benign gastric pathology 
(n = 307) are shown. (A) and (B) Density plots illustrate the asymmetric distribution of sHLA-G expression 
levels, indicating that most observations were concentrated between 0 and 30 ng/ml. (C) Comparison between 
the groups of patients with malignant and benign pathology revealed significantly higher levels in the gastric 
cancer group compared to the benign pathology group (p-value < 0.05).



5

Vol.:(0123456789)

Scientific Reports |        (2023) 13:13119  | https://doi.org/10.1038/s41598-023-40132-6

www.nature.com/scientificreports/

results, we perform a negative control by adding 20 µl of sterile filtered 1X PBS instead of the 20 µl of exosome 
concentrate sample. The result of this flow cytometry was positive for HLA-G expression.

Survival analysis. The median follow-up for the group of GC patients was 6.4 months, with a minimum 
of 0.03 and a maximum of 22.1 months. To evaluate the sHLA-G level impact on survival, a cut-off point of 
39.95 ng/ml was estimated by hierarchical cluster analysis. Samples with sHLA-G levels ≤ 39.95 were determined 
as low expression whereas samples with sHLA-G levels > 39.95 were considered as high expression. Considering 
the above, n = 15 patients were classified as having high expression of sHLA-G. During the follow-up period, 56 
patients (32.9%) relapsed, 74 (43.5%) died of the disease, and 1 (0.58%) died for other causes.

Overall survival (OS) at 12 months for the entire cohort of patients with GC was 49.9% 95% CI (Confidence 
Interval): [41.6–59.7], with a median survival of 11.8 months [8.88–18.1] (Fig. 5A). Patients with high sHLA-G-
expressing tumors showed a lower 12-month OS (20.0% vs. 52.1%, p-value < 0.01) (Fig. 5B). DFS for the entire 
cohort was 59.2% 95% CI [50.3–69.6] with a median survival of 15.9 months 95% CI [13.0–19.3] (Fig. 5C). DFS 
at 12 months was 36.4% in the high expression group and 61.4% in the low expression group (p-value > 0.05) 
(Fig. 5D).

According to unadjusted Cox proportional hazards regression analysis, sHLA-G expression levels and tumor 
stage were found to be univariately associated with OS (p-value < 0.05) (Table 3), and in DFS, univariate associa-
tion were found only between sHLA-G expression levels and the stage (p-value < 0.05). In this cohort, no statis-
tically significant associations were found between OS and DFS with other clinicopathological variables such 

Figure 2.  sHLA-G expression levels, by sex and type of pathology. (A) Women exhibited significantly higher 
sHLA-G expression levels compared to men. (B) No significant differences in sHLA-G expression levels were 
found when considering the different types of gastric cancer histology. (C) No significant differences were found 
in sHLA-G expression levels between men and women with benign gastric pathologies. (D) Within the benign 
gastric pathologies group, significant differences in sHLA-G expression levels were observed when comparing 
polyp to other types of benign gastric pathologies: polyp to chronic gastritis, and peptic ulcer to chronic 
gastritis. To assess the significance of these observations, quantitative variables were analyzed using the Mann–
Whitney U and Kruskal–Wallis tests, while categorical comparisons were assessed using Pearson’s chi-square 
and Fisher’s exact tests.



6

Vol:.(1234567890)

Scientific Reports |        (2023) 13:13119  | https://doi.org/10.1038/s41598-023-40132-6

www.nature.com/scientificreports/

Figure 3.  Size of the exosomes isolated from fractions 6/7 to 14 obtained by molecular exclusion 
chromatography of the plasma of patients with GC (n = 25). (A) The nanoparticle tracking analysis (NTA) 
screenshot shows a range of particle sizes observed between 50 and 123 nm, which corresponds to the reported 
size range of exosomes. (B) The transmission electron microscopy (TEM) screenshot displays microvesicles 
isolated from the plasma of gastric cancer patients, with sizes ranging from 100 nm.

Figure 4.  Dot blot for Isolated exosomes by molecular exclusion chromatography was performed on 5 plasma 
samples of patients with gastric cancer. Each fraction obtained was probed for Tetraspanins CD9, CD63, TSG-
101, and for HLA-G. The expression of these proteins can be observed from Fraction 6 to 12, indicating the 
presence of exosomes as reported for this technique. dot blot.
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as age, sex, type of pathology, and degree of differentiation. Taking the above results into account, an adjusted 
analysis was performed in which sHLA-G expression levels (high vs low) and tumor stage (early vs advanced), 
were included as covariates. This analysis showed that the effect of the sHLA-G expression levels on the OS after 
adjusting for clinical stage, was significant.

Figure 5.  Kaplan–Meier curves were generated to analyze overall survival (OS) (Fig. 5A,B), and disease-free 
survival (DFS) in the entire cohort of gastric cancer patients as well as stratified by sHLA-G expression levels 
(Fig. 5C,D). (A) The 12-month OS for the entire cohort was 49.9% with a median survival of 11.8 months. (B) 
Patients with high sHLA-G expression had a significantly lower 12-month OS compared to those with low 
expression. (C) The 12-month DFS for the entire cohort was 59.2% with a median survival of 15.9 months. 
(D) Patients with High HLA-G expression had a lower 12-month DFS those with low expression group 
(p-value > 0.05)., hierarchical cluster analysis using Ward’s method of minimum variance was performed to 
determine that the cut-off point for sHLA-G levels was 39.95.

Table 3.  Cox regression analysis. HR hazard ratio, CI confidence interval, sHLA-G Human leukocyte antigen 
G level. † p-value < 0.05. Significant values are in [bold].

Factor

Overall survival (OS) Disease-free survival (DFS)

Unadjusted Adjusted Unadjusted Adjusted

HR [CI 95%] p-value HR [CI 95%] p-value HR [CI 95%] p-value HR [CI 95%] p-value

sHLA-G

Low 1.00 (Ref.) – 1.00 (Ref.) – 1.00 (Ref.) – 1.00 (Ref.) –

High 2.39 [1.07–5.34] 0.034† 2.26 [1.01–5.07] 0.041† 1.99 [0.78–5.09] 0.200 1.85 [0.72–4.75] 0.200

Tumor stage

Early 1.00 (Ref.) – 1.00 (Ref.) – 1.00 (Ref.) – 1.00 (Ref.) –

Advanced  3.04 [1.48–6.23]  < 0.01† 2.99 [1.46–6.13]  < 0.01† 6.27 [2.23–17.6]  < 0.01† 6.20 [2.21–17.4]  < 0.01†
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The adjustment result showed an HR = 2.26 (95% CI [1.01–5.07], p-value < 0.05) for the expression levels of 
sHLA-G and an HR of 2.99 95% CI [1.46–6.13], p-value < 0.05) for the clinical stage. Therefore, our results suggest 
that gastric cancer patients with high sHLA-G expression levels in plasma have two times more risk of death com-
pared with patients with low sHLA-G levels, based on the adjustment made for the clinical stage of the disease.

Discussion
The non-classical human leukocyte antigen (HLA) class I protein G (HLA-G) is an immune checkpoint molecule 
which exhibits limited tissue distribution. It is naturally expressed during pregnancy, playing a critical role in 
mediating immune tolerance at the maternal–fetal interface. Recent studies demonstrated that an ectopic up-
regulation of HLA-G in cancer cells may favor their escape from antitumor immune  responses9,21. In this study, 
we propose the evaluation of sHLA-G levels in plasma samples from patients with GC and benign gastric pathol-
ogy, using an ELISA test, to determine if sHLA-G expression levels may be associated with clinicopathological 
variables. With this work, we sought to determine this molecule’s clinical utility as a screening test for the early 
detection of GC.

The GC patients showed significantly higher levels of HLA-G compared to those of the benign gastric pathol-
ogy group (Fig. 1). Our results agree with those obtained in previous studies. Pan et al. measured the plasma 
level of sHLA-G by ELISA, in GC patients, benign gastric pathologies patients and normal controls. They also 
determined serum levels of tumor markers such as AFP (Alpha Feto Protein), CEA (carcinoembryonic antigen), 
CA125, CA19-9 and CA72-4 to compare with sHLA-G plasma levels. As in our study, patients with GC showed 
higher HLA-G levels with respect to patients with benign gastric disease, highlighting the importance of sHLA-G 
as a potential biomarker for GC diagnosis. They also suggest the detection of sHLAG in combination with tumor 
biomarkers (CA125 + CA19-9 + sHLA-G or CA125 + CA724 + sHLA-G) for GC  discrimination12. In addition, 
Farjadian et al. evaluate the HLA-G expression in tumor tissues and sHLA-G plasma levels in patients with 
gastrointestinal cancer and found plasma levels of sHLA-G significantly higher in patients with gastrointestinal 
cancer than in healthy  controls14, which is correlated with our findings. Increased plasma levels of sHLA-G 
have also been described in a plethora of solid tumors such as cutaneous melanoma, glioblastoma multiforme, 
esophageal squamous cell carcinoma, non-small cell lung cancer,  ovary10 and colorectal  cancer22, among others, 
in correlation with an adverse prognosis and tumor immune evasion, since HLA-G has inhibitory effects on all 
immune cells, and by inducing Treg  cells14–23.

In GC patients, sHLA-G expression levels were significantly higher in women compared to men, in opposition 
to the benign pathology group where no gender-related differences were observed (Fig. 2A,C). We think that 
this could be related to the fact that progesterone induces HLA-G expression in vitro24, or to other pathologies 
that could be associated with elevated HLA-G levels as in advanced  endometriosis25; however, we did not find 
sHLA-G overexpression in women with benign gastric pathologies and since no additional clinical information 
was requested, it is not possible to associate our HLA-G results with this information.

On the other hand, Murdaca et al. reported that they found no significant correlation between the expres-
sion of HLA-G and other clinicopathological variables such as sex, age, stage, grade,  histotype26, but Yan et al. 
reported a worse OS in patients whose tumors had high HLA-G expression and a poor clinical outcome among 
women with GC expressing HLA-G and ILT-4. They suggest that these tumor phenotypes are a sex-dependent 
prognostic factor in GC patients. Although there are few studies on gender differences in gastric cancer and it 
is not possible to establish that the expression level of sHLA-G has a direct relationship linked to  gender13, a 
retrospective study of Han et found clinical differences of gastric cancer between women and men that should 
be considered in terms of personalized medicine. They reported that early gastric cancer is significantly higher 
in women than in men and that undifferentiated cancers are more frequent in women, but other characteristics 
such as size (more than 40 mm), location, TNM stage, presence of lymph node metastases, and presence of lymph 
vascular invasion not present significant  differences27.

Significant differences were observed in the expression levels of sHLA-G between benign pathologies. In our 
study, we found the highest levels of sHLA-G expression in patients with polyps, whose differential expression 
was significant when compared with the group of "others’’ (stenosis, esophagitis, and colitis) (p-value = 0.044) 
and with the group of chronic gastritis (p-value < 0.01). Unlike colonic polyps, whose malignant potential has 
been demonstrated, gastric polyps have little malignant potential depending on their histologic type, and the 
most common neoplastic polyp in the antrum portion of the stomach are adenomatous  polyps28. Considering 
that atrophic gastritis is central to gastric carcinogenesis and that hyperplastic and adenomatous polyps often 
develop in atrophic mucosa; it is possible that gastric polyps may also give rise to cancer. Moreover, it seems 
that hypergastrinemia or hypo acidity may be the carcinogenic factor in common between gastric polyps and 
gastric cancer  development29 since it has been shown that patients with hyperplastic and adenomatous gastric 
polyps may have an increased risk of gastric  cancer30,31. The sHLA-G over expression in patients with polyps 
could be explained by the fact that HLA-G is crucial for tumor immune evasion and malignant  transformation32.

These results suggest that sHLA-G expression levels could be useful to discriminate between cancer precur-
sor diseases and benign pathologies, and that those hyperplastic and adenomatous gastric polyps should be 
subjected to continued surveillance to ensure that supervening carcinoma be detected at the earliest possible 
phase. However, we did not find studies documenting the sHLA-G expression in patients with benign gastric 
pathologies and more studies are necessary to verify that the early diagnosis of cancer should focus on the detec-
tion of preneoplastic lesions that are at risk of progressing to cancer in situ.

By the other hand, a previous study carried out by Costa Ferreira et al. to evaluate intestinal mHLA-G 
expression and soluble HLA-G (sHLA-G) levels in Crohn’s disease (CD) and ulcerative colitis (UC) patients, 
showed that these inflammatory gastric diseases present increased levels of sHLA-G compared to controls. They 
also report an increased HLA-G expression in inflammatory cells associated with increased sHLA-G levels in 
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both, CD and UC patients, however, HLA-G positive infiltrating cells was greater in UC than in CD samples, 
suggesting that the increased HLA-G positive inflammatory cells may increase the total plasma sHLA-G levels, 
(sHLA-G plus HLA-Gev)33.

This over-expression of HLA-G may reflect ongoing host strategies to suppress chronic  inflammation33. Our 
results, in relation with the sHLA-G expression levels in benign gastric pathologies suggest that ectopic HLA-G 
expression in benign gastric pathologies could be useful to discriminate a precancerous pathology from other 
benign diseases, local and systemic mechanisms may be involved in the induction of HLA-G expression. As 
HLA-G expression was significantly higher in gastric polyps, that could become malignant depending on their 
histology and microenvironment, and chronic inflammation is a factor that favors tumor development, it could be 
hypothesized that both sHLA-G in gastric polyps may be participating regulating the anti-inflammatory response 
in the gastric microenvironment, to favor carcinogenesis in this group of patients. Additionally, a significantly 
higher sHLA-G expression was found in peptic ulcer than in chronic gastritis.

It has been shown that gastric ulcer (GU) is associated with a significantly increased risk of developing gas-
tric cancer (GC)34, and that its most common cause is Helicobacter pylori infection. Although Oliveira Souza 
et al., evaluated HLA-G expression in the gastric microenvironment with H. pylori infection by immunohisto-
chemistry and detected HLA-G expression in 43 of 54 specimens associated with milder H. pylori colonization, 
inflammatory activity, and localization of the bacteria in the gastric  antrum35. By the other hand, Genre et al., 
suggests that the HLA-G 14-bp Ins/Del polymorphism allele could confer a greater risk of developing H. pylori 
infection, in addition to its association with inflammatory and autoimmune diseases as well as some viral and 
parasitic  infections36. In our study, it was not possible to collect all data related to H pylori infection and thus, 
we cannot know if the sHLA-G overexpression that we report here is related to the infection or the tumor and it 
is important to design studies that make it possible to differentiate between benign pathologies that are precur-
sors of gastric cancer and other benign gastric pathologies to determine if the high expression of sHLA-G may 
be a risk factor to develop gastric cancer.

A lower 12-month OS and DFS was observed in the patients with high sHLA-G expression levels compared 
with patients with low sHLA-G expression levels (p-value > 0.05). Wan et al.37 which explored the HLA-G expres-
sion in GC tissues obtained from 49 patients with GC by immunohistochemistry and western blot observed 
HLA-G expression in most of the GC tissues, correlated with poor prognosis of the disease and negatively 
associated with the number of tumor-infiltrating NK (Natural Killer) cells. Other studies also report the HLA-G 
expression associated with poor prognosis: Chen et al. found a relative shorter OS in GC patients with high 
HLA-G expression and a high percentage of GC cells HLA-G + and ILT-4 + are associated with a poor clinical 
outcome among GC  patients15; Murdaca et al. found that HLA-G expression is associated with poor survival in 
patients with stage III GC; Yie et al. reported that patients with HLA-G positive tumors had a significantly shorter 
survival time than those patients with HLA-G negative  tumors26 and Tuncel et al., observed that patients with 
HLA-G-positive primary GC had a significantly poorer prognosis than patients with HLA-G-negative tumors 
and that HLA-G expression and stage were independent unfavorable factors for patient  survival11. This reduc-
tion in OS and DFS is due in part to the fact that expression of immune checkpoint proteins is one of the main 
evasion mechanisms used by tumors to evade innate and adaptive antitumor immune responses, promoting 
disease  progression38.

The relationship between high expression levels of sHLA-G and the decrease in OS and DFS observed in 
our results can be explained by the immune suppression induced by the interaction between tumor HLA-G 
and ILT-2/-4 expressed on the immune cells surface. This interaction can inhibit T cell proliferation and B cell 
immunoglobulin  production39,40, can modify T and NK cells cytotoxicity, and inhibit DC  maturation41,42 and 
promotes the proliferation of Myeloid Derived Suppressor cells (MDSCs), regulatory T cells (Tregs), tolerant 
DC-10 cells, invariant natural killer T cells (iNKT), and the accumulation of M2-type  macrophages43,44, and 
damping down chemokine receptors expression in B, T, and NK cells infiltrating the tumor, favoring the pro-
gression of the  disease45.

In this study, exosomes isolated from plasma of GC patients with high sHLA-G expression levels in plasma 
were obtained and confirmed by NTA, transmission electron microscopy and dot blot of the plasmas. HLA-G 
positive exosomes (sHLA-Gev) were demonstrated among the 7th and 14th chromatographic fractions using 
antibodies against three commonly used exosome markers: the tetraspanin molecules CD9, CD63 and TSG101. 
HLA-Gev were also confirmed between the 7th and 14th chromatographic fractions. Subsequently, we performed 
flow cytometry to check for HLA-G positive exosomes and we found HLA-G expression in all exosome samples 
analyzed However, when we perform a negative control, it was again positive for HLA-G expression. This result 
suggests that the latex beads used to attach the exosomes were sequestering the anti-HLA-G antibody. These 
latex beads are widely recommended for performing exosome flow cytometry, but nonspecific binding is the 
most frequent problem when working with them, since they are hydrophobic and in biological systems, most 
nonspecific binding problems are the result of hydrophobic interactions. Although we block with agents such 
as BSA, egg albumin and complete serum, we were unable to design a satisfactory negative control and thus, 
we did not take these results into account because we consider that with the previous analyzes and the dot blot 
results it is enough to confirm the presence of HLA-G positive exosomes. We assume that the HLA-G molecule 
found on exosomes corresponds to the membrane-bound isoform. We use the antibody clone 4H84, which 
specifically recognizes HLA-G molecule associated with beta-2 microglobulin. However, we cannot definitively 
speculate on whether the HLA-G molecules found in the exosomes are exclusively monomeric or dimeric, it is 
known that the dimerization of HLA-G monomers can occur in both membrane-anchored and soluble isoforms 
so, further investigations are needed to determine the precise molecular composition of the HLA-G molecules 
within the exosomes.

Our findings have the potential to contribute to advancements in therapeutic applications involving exosomes. 
The expression of HLA-G in exosomes may provide valuable insights into the role of HLA-G and exosomes in 
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the development of gastric cancer. Additionally, studying HLA-G expression in exosomes could help us identify 
benign lesions that have the potential to progress into malignant ones. These implications highlight the impor-
tance of further research in this area.

Methods
Patients. 480 patients with GC and benign gastric pathology were en-rolled in this study. 173 of them, 
attending the gastroenterology unit at the Instituto Nacional de Cancerología (INC), from October 2018 to Feb-
ruary 2022 with a primary diagnosis of GC and 307 as a control group with benign gastric pathology from the 
Centro Policlínico del Olaya and the Hospital Universitario de la Samaritana in Bogotá, Colombia. The Ethics 
Committee of the participating institutions approved the protocol for the collection of human plasma samples. 
Written informed consent was obtained from all patients according to the guidelines of the institutional review 
board. The inclusion criteria for GC patients were desire to participate in the study and primary diagnosis of GC, 
and for benign gastric disease patients were to have a benign gastric disease diagnosis confirmed by endoscopy-
biopsy not older than 1 year. Exclusion criteria were had under-gone any cancer therapy before, previous neo-
plastic disease, active viral infection, autoimmune disease, transplantation, or pregnancy. Clinicopathological 
information was obtained from clinical records review, and written informed consent was obtained from all 
patients according to the guidelines of the institutional review board.

Sample collection. Peripheral blood samples were collected in a 4 ml EDTA tube and plasma was isolated 
by centrifugation at 1500 rpm for 10 min and subsequently stored at -80 °C until further analysis.

Detection of sHLA‑G plasma levels. Plasma levels of HLA-G were quantified in 173 patients with GC 
and 307 with benign gastric pathology, with the Elabscience Human MHCG/HLA-G ELISA Kit (Catalog No. 
E-EL-H1663) whose detection limit is 0.38 ng/ml. The kit was used according to the manufacturer’s instructions. 
The sHLA-G concentration in each sample was calculated from a standard curve constructed in each ELISA 
plate by plotting the absorbance against the corresponding known calibration concentrations ranging from 0.63 
to 40 ng/ml. OD was measured at 450 ± 2 nm.

Exosomes isolation from plasma samples. Neo-ectopic expression of HLA-G molecules on the tumor 
cells surface or released as soluble forms, free or as part of exosomes, plays a crucial role in cancer progression. 
sHLA-G levels have been associated with cancer development but its diagnostic or prognostic value in terms 
of progression and survival, remains uncertain. It is unclear whether tumor cells produce HLA-G+ exosomes 
or secrete free sHLA-G, and whether both components contribute to immune evasion by tumor cells. In this 
study, we investigate whether HLA-G positive exosomes can be isolated from the plasma of patients with gastric 
cancer (GC)14. Exosomes isolation was performed by centrifugation cycles of 500 gravities for 5 min followed 
by 2000 gravities for 10 min. Then, using Amicon centrifugal filter units Ultracel 3 K Kit, Merck, an exosome 
enriched plasma concentrate was obtained, which was subjected to molecular exclusion chromatography using 
Sigma Sepharose 2B CL columns for exosomes isolation. Elution was performed by gravity with PBS (Phosphate 
Buffered Saline), collecting fourteen fractions from each sample, in which exosomes are expected to be found.

Exosome confirmation assays. Chromatographic isolated exosomes were confirmed with three meth-
odologies that allow us to: (i) identify exosomes morphology (Transmission Electron Microscopy (TEM)), (ii) 
determinate their size (Nano-Tracking Analysis (NTA)) and (iii) identify exosome protein markers (dot blot), a 
simple and sensitive method for the detection of surface proteins in the membrane of extracellular vesicles. Dot 
blot assays were conducted in 5 samples to confirm the presence of exosomes in the obtained exosome fractions. 
Samples were chosen based on their high plasma sHLA-G levels, as determined by ELISA. Exosome markers, 
such as CD9, and CD63, as well as immune checkpoint HLA-G molecule was used to perform dot blot assays to 
verify the presence of HLA-G positive exosomes.

Nanoparticle tracking analysis. Nanoparticle Tracking Analysis (NTA) was used in 25 exosomes sam-
ples as described by Menezes-Neto to determine nanoparticles size and concentration in a liquid  suspension17, 
based on light scattering and Brownian  movement18. We used the Nano Sight LM10 system (Malvern Technolo-
gies, Malvern, UK) and nano tracking analysis (NTA) software version NTA 3.1.

Transmission electron microscopy. Extracellular vesicle presence was demonstrated in 5 µl of fresh exo-
some concentrate, obtained from a pool of 5 samples from patients at various stages of the disease, using the 
JEM-1400 Flash Electron Microscope and a high sensitivity sCMOS camera. Once the samples were processed, 
readings were taken at 80 kV.

Dot blot. Dot blot was performed with a standard procedure on a 0.2 µm nitrocellulose membrane (Bio-
Rad, 1,620,146). Using 5 µl of the extracellular vesicles concentrate to confirm exosomes isolation. A total of five 
samples were analyzed using dot blot technique with monoclonal antibodies targeting CD9, CD63, TSG-101 and 
HLA-G proteins. Exosome membrane tetraspanins were evaluated using antibodies against CD9, CD63 (Biole-
gend, clones H19a and H5C6 respectively) TSG-101(Invitrogen clone 4A10), CD81 (Biolegend, clone 5A6) and 
Anti-IgG (HRP) secondary antibody (ABCAM, ab6789), and for protein detection, Clarity Max Western ECL 
Substrate (Bio-Rad, 1,705,062) was added and determined by chemiluminescence in the ChemiDoc imaging 
system analyzer (Bio-Rad).
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Flow cytometry. Exosomes were characterized by flow cytometry to evaluate tetraspanins CD9, CD63, 
CD81 and membrane bound HLA-G. Exosomes obtained from plasma of patients with GC who expressed ele-
vated levels of HLA-G by ELISA were coupled to aldehyde/sulfate latex microspheres (beads) with a diameter of 
4 μm, which enables exosomes detection or characterization by labeling with specific antibodies, following the 
protocol proposed by Monguió et al.19 with some modifications. Briefly, beads stock was diluted 1:10 to generate 
a working bead solution, and 4 μl per sample was added into a 1.5 ml microcentrifuge tube to be analyzed. An 
additional tube was prepared as a negative control. 20 µl of each sample was added to the corresponding tube 
with beads and size exclusion chromatography (SEC) buffer was added to the negative control. Subsequently, 
1 ml of Bead Coupling Buffer (BCB) was added to each tube and were incubated at room temperature overnight.

For immunolabeling, the tubes were centrifuged at 2000×g for 10 min and the supernatant was removed, the 
bead-coupled samples in BCB were resuspended and labeled with CD9, CD81, CD63, and HLA-G antibodies 
diluted in 50 μl of BCB to be analyzed. Samples were transferred into cytometry tubes and the cytometer read-
ing was performed.

Statistical analyses. Statistical analyses were performed in R Project software version 4.1.1 (R Core Team, 
2021). Normality was assessed for variables of a continuous nature using the Kolmogorov–Smirnov test. Vari-
ables with normal distribution were characterized by the mean and standard deviation, otherwise, the median 
with an interquartile range was used. Absolute and relative frequencies described qualitative variables. Com-
parisons between groups for quantitative variables were performed with the Mann–Whitney U test and the 
Kruskal–Wallis test. Categorical comparisons between groups were calculated with Pearson’s Chi-square test 
and Fisher’s exact test. Overall survival (OS) was calculated from the date of biopsy to the date of death or last 
contact. As complete treatment information was not available, disease-free survival (DFS) was calculated from 
the day of sampling collection to the date of disease relapse or last contact. For OS and GDF events, the survival 
function was calculated using the Kaplan Meier method and the different subgroups were compared using the 
log-rank test. To assess the impact of sHLA-G levels on survival (high expression vs low expression), the cut-off 
point was determined by hierarchical cluster analysis through Ward’s minimum variance method. These statisti-
cal methods were used because there is no reference value to determine when it is a high or low expression in 
malign or benign gastric lesions. However, In the serum of healthy people has been reported that the content of 
HLAG is 20 ng/ml and significantly lower compared with cancer  patients20. The effects of possible prognostic 
factors on OS and DFS were investigated using the Cox proportional hazards model. The significance level used 
was α = 0.05.

Institutional review board. The study was conducted in accordance with the Declaration of Helsinki and 
approved by the Ethics Committee of The Instituto Nacional de Cancerología (protocol C19010300-408 January 
19th, 2017).” for studies involving humans.

Informed consent. Informed consent was obtained from all subjects involved in the study and written 
informed consent has been obtained from the patients included in this study.

Data availability
All data generated or analyzed during this study are included in this published article as supplementary files.

Received: 16 March 2023; Accepted: 4 August 2023

References
 1. Morgan, E. et al. The current and future incidence and mortality of gastric cancer in 185 countries, 2020–40: A population-based 

modelling study. eClinicalMedicine 47, 101–404. https:// doi. org/ 10. 1016/j. eclinm. 2022. 101404 (2022).
 2. Kaise, M. Advanced endoscopic imaging for early gastric cancer. Best Pract. Res. Clin. Gastroenterol. 29(4), 575–587. https:// doi. 

org/ 10. 1016/j. bpg. 2015. 05. 010 (2015).
 3. Lone, S. N. et al. Liquid biopsy: A step closer to transform diagnosis, prognosis and future of cancer treatments. Mol. Cancer 21(1), 

79. https:// doi. org/ 10. 1186/ s12943- 022- 01543-7 (2022).
 4. Connors, D. et al. International liquid biopsy standardization alliance white paper. Crit. Rev. Oncol. Hematol. 156, 103112. https:// 

doi. org/ 10. 1016/j. critr evonc. 2020. 103112 (2020).
 5. Kilpatrick, E. S. & Lind, M. J. Appropriate requesting of serum tumour markers. BMJ https:// doi. org/ 10. 1136/ bmj. b3111 (2009).
 6. Li, Y., Yang, Y., Lu, M. & Shen, L. Predictive value of serum CEA, CA19-9 and CA72.4 in early diagnosis of recurrence after radical 

resection of gastric cancer. Hepatogastroenterology 58(112), 2166–2170. https:// doi. org/ 10. 5754/ hge11 753 (2011).
 7. Ishitani, A. & Geraghty, D. E. Alternative splicing of HLA-G transcripts yields proteins with primary structures resembling both 

class I and class II antigens. Proc. Natl. Acad. Sci. 89(9), 3947–3951. https:// doi. org/ 10. 1073/ pnas. 89.9. 3947 (1992).
 8. Paul, P. et al. Identification of HLA-G7 as a new splice variant of the HLA-G mRNA and expression of soluble HLA-G5, -G6, and 

-G7 transcripts in human transfected cells. Hum. Immunol. 61(11), 1138–1149. https:// doi. org/ 10. 1016/ s0198- 8859(00) 00197-x 
(2000).

 9. Du, L. et al. Human leukocyte antigen-G is closely associated with tumor immune escape in gastric cancer by increasing local 
regulatory T cells. Cancer Sci. 102(7), 1272–1280. https:// doi. org/ 10. 1111/j. 1349- 7006. 2011. 01951.x (2011).

 10. Cao, M. et al. Plasma soluble HLA-G is a potential biomarker for diagnosis of colorectal, gastric, esophageal and lung cancer. Tissue 
Antigens 78(2), 120–128. https:// doi. org/ 10. 1111/j. 1399- 0039. 2011. 01716.x (2011).

 11. Tuncel, T. et al. Immunoregulatory function of HLA-G in gastric cancer. Asian Pac. J. Cancer Prev. 14(12), 7681–7684. https:// doi. 
org/ 10. 7314/ apjcp. 2013. 14. 12. 7681 (2013).

 12. Pan, Y. et al. Diagnostic significance of soluble human leukocyte antigen-G for gastric cancer. Hum. Immunol. 77(4), 317–324. 
https:// doi. org/ 10. 1016/j. humimm. 2016. 01. 009 (2016).

https://doi.org/10.1016/j.eclinm.2022.101404
https://doi.org/10.1016/j.bpg.2015.05.010
https://doi.org/10.1016/j.bpg.2015.05.010
https://doi.org/10.1186/s12943-022-01543-7
https://doi.org/10.1016/j.critrevonc.2020.103112
https://doi.org/10.1016/j.critrevonc.2020.103112
https://doi.org/10.1136/bmj.b3111
https://doi.org/10.5754/hge11753
https://doi.org/10.1073/pnas.89.9.3947
https://doi.org/10.1016/s0198-8859(00)00197-x
https://doi.org/10.1111/j.1349-7006.2011.01951.x
https://doi.org/10.1111/j.1399-0039.2011.01716.x
https://doi.org/10.7314/apjcp.2013.14.12.7681
https://doi.org/10.7314/apjcp.2013.14.12.7681
https://doi.org/10.1016/j.humimm.2016.01.009


12

Vol:.(1234567890)

Scientific Reports |        (2023) 13:13119  | https://doi.org/10.1038/s41598-023-40132-6

www.nature.com/scientificreports/

 13. Schütt, P. et al. Prognostic relevance of soluble human leukocyte antigen–G and total human leukocyte antigen class I molecules 
in lung cancer patients. Hum. Immunol. 71(5), 489–495. https:// doi. org/ 10. 1016/j. humimm. 2010. 02. 015 (2010).

 14. Farjadian, S. et al. HLA-G expression in tumor tissues and soluble HLA-G plasma levels in patients with gastrointestinal cancer. 
Asian Pac. J. Cancer Prev. 19(10), 2731–2735. https:// doi. org/ 10. 22034/ APJCP. 2018. 19. 10. 2731 (2018).

 15. Chen, Q. Y. et al. Prognostic significance of the immune checkpoint HLA-G/ILT-4 in the survival of patients with gastric cancer. 
Int. Immunopharmacol. https:// doi. org/ 10. 1016/j. intimp. 2022. 108798 (2022).

 16. König, L. et al. The prognostic impact of soluble and vesicular HLA-G and its relationship to circulating tumor cells in neoadjuvant 
treated breast cancer patients. Hum. Immunol. 77(9), 791–799. https:// doi. org/ 10. 1016/j. humimm. 2016. 01. 002 (2016).

 17. de Menezes-Neto, A. et al. Size-exclusion chromatography as a stand-alone methodology identifies novel markers in mass spec-
trometry analyses of plasma-derived vesicles from healthy individuals. J. Extracell. Vesicles 4(3402), 273–278. https:// doi. org/ 10. 
3402/ jev. v4. 27378 (2015).

 18. Parsons, M. E. M. et al. A protocol for improved precision and increased confidence in nanoparticle tracking analysis concentration 
measurements between 50 and 120 nm in biological fluids. Front. Cardiovascular Med. https:// doi. org/ 10. 3389/ fcvm. 2017. 00068 
(2017).

 19. Monguió-Tortajada, M., Gálvez-Montón, C., Bayes-Genis, A., Roura, S. & Borràs, F. E. Extracellular vesicle isolation methods: Ris-
ing impact of size-exclusion chromatography. Cell. Mol. Life Sci. 76(12), 2369–2382. https:// doi. org/ 10. 1007/ s00018- 019- 03071-y 
(2019).

 20. Li, P., Wang, N., Zhang, Y., Wang, C. & Du, L. HLA-G/sHLA-G and HLA-G-bearing extracellular vesicles in cancers: Potential 
role as biomarkers. Front. Immunol. 12, 791535. https:// doi. org/ 10. 3389/ fimmu. 2021. 791535 (2021).

 21. van de Hater, R. B., Krijgsman, D., Houvast, R. D., Vahrmeijer, A. L. & Kuppen, P. J. K. A critical assessment of the association 
between HLA-G expression by carcinomas and clinical outcome. Int. J. Mol. Sci. 22(15), 8265. https:// doi. org/ 10. 3390/ ijms2 21582 
65 (2021).

 22. Gambella, A. et al. HLA-G as a prognostic marker in stage II/III colorectal cancer: Not quite there yet. Histochem. Cell Biol. 158(6), 
535–543. https:// doi. org/ 10. 1007/ s00418- 022- 02141-w (2022).

 23. Yan, W. H. HLA-G expression in cancers: Potential role in diagnosis, prognosis and therapy. Endocr. Metab. Immune Disorders: 
Drug Targ. 11(1), 76–89. https:// doi. org/ 10. 2174/ 18715 30117 94982 059 (2011).

 24. Ivanova-Todorova, E. et al. ORIGINAL ARTICLE: HLA-G expression is up-regulated by progesterone in mesenchymal stem cells. 
Am. J. Reprod. Immunol. 62(1), 25–33. https:// doi. org/ 10. 1111/j. 1600- 0897. 2009. 00707.x (2009).

 25. Rached, M. R. et al. HLA-G is upregulated in advanced endometriosis. Eur. J. Obstet. Gynecol. Reprod. Biol. 235, 36–41. https:// 
doi. org/ 10. 1016/j. ejogrb. 2019. 01. 030 (2019).

 26. Murdaca, G. et al. HLA-G expression in gastric carcinoma: Clinicopathological correlations and prognostic impact. Virchows Arch. 
473(4), 425–433. https:// doi. org/ 10. 1007/ s00428- 018- 2379-0 (2018).

 27. Han, S. et al. Clinicopathologic difference according to gender in gastric cancer. Ann. Oncol. 30, iv76. https:// doi. org/ 10. 1093/ 
annonc/ mdz155. 279 (2019).

 28. Goddard, A. F., Badreldin, R., Pritchard, D. M., Walker, M. M. & Warren, B. The management of gastric polyps. Gut 59(9), 
1270–1276. https:// doi. org/ 10. 1136/ gut. 2009. 182089 (2010).

 29. Waldum, H. & Fossmark, R. Gastritis, gastric polyps and gastric cancer. Int. J. Mol. Sci. 22(12), 654–658. https:// doi. org/ 10. 3390/ 
ijms2 21265 48 (2021).

 30. Cristallini, E. G., Ascani, S. & Bolis, G. B. Association between histologic type of polyp and carcinoma in the stomach. Gastrointest. 
Endosc. 38(4), 481–484. https:// doi. org/ 10. 1016/ s0016- 5107(92) 70481-7 (1992).

 31. Evans, J. A. et al. The role of endoscopy in the management of premalignant and malignant conditions of the stomach. Gastrointest. 
Endosc. 82(1), 1–8. https:// doi. org/ 10. 1016/j. gie. 2015. 03. 1967 (2015).

 32. Carosella, E. D., Rouas-Freiss, N., Roux, D. T. L., Moreau, P. & LeMaoult, J. HLA-G. Adv. Immunol. 127, 33–144. https:// doi. org/ 
10. 1016/ bs. ai. 2015. 04. 001 (2015).

 33. da Costa, F. S. et al. Increased HLA-G expression in tissue-infiltrating cells in inflammatory bowel diseases. Dig. Dis. Sci. 66(8), 
2610–2618. https:// doi. org/ 10. 1007/ s10620- 020- 06561-3 (2020).

 34. Jing, F. et al. Discriminating gastric cancer and gastric ulcer using human plasma amino acid metabolic profile. IUBMB Life 70(6), 
553–562. https:// doi. org/ 10. 1002/ iub. 1748 (2018).

 35. Oliveira Souza, D. M. B. et al. Upregulation of soluble HLA-G5 and HLA-G6 isoforms in the milder histopathological stages of 
helicobacter pylori infection: A role for subverting immune responses?. Scand. J. Immunol. 83(1), 38–43. https:// doi. org/ 10. 1111/ 
sji. 12385 (2015).

 36. Genre, J. et al. HLA-G 14-bp Ins/Ins genotype in patients harbouring helicobacter pylori infection: A potential risk factor?. Scand. 
J. Immunol. 83(1), 52–57. https:// doi. org/ 10. 1111/ sji. 12390 (2015).

 37. Wan, R. et al. Human leukocyte antigen-G inhibits the anti-tumor effect of natural killer cells via immunoglobulin-like transcript 
2 in gastric cancer. Cell. Physiol. Biochem. 44(5), 1828–1841. https:// doi. org/ 10. 1159/ 00048 5819 (2017).

 38. Mortezaee, K. Immune escape: A critical hallmark in solid tumors. Life Sci. https:// doi. org/ 10. 1016/j. lfs. 2020. 118110 (2020).
 39. Naji, A., Menier, C., Maki, G., Carosella, E. D. & Rouas-Freiss, N. Neoplastic B-cell growth is impaired by HLA-G/ILT2 interaction. 

Leukemia 26, 1889–1892. https:// doi. org/ 10. 1038/ leu. 2012. 62 (2012).
 40. Morandi, F. et al. Human amnion epithelial cells impair T cell proliferation: The role of HLA-G and HLA-E molecules. Cells 9(9), 

21–23. https:// doi. org/ 10. 3390/ cells 90921 23 (2020).
 41. Naji, A. et al. Binding of HLA-G to ITIM-bearing Ig-like transcript 2 receptor suppresses B cell responses. J. Immunol. 192(4), 

1536–1546. https:// doi. org/ 10. 4049/ jimmu nol. 13004 38 (2014).
 42. Liang, S. et al. Modulation of dendritic cell differentiation by HLA-G and ILT4 requires the IL-6—STAT3 signaling pathway. Proc. 

Natl. Acad. Sci. 105(24), 8357–8362. https:// doi. org/ 10. 1073/ pnas. 08033 41105 (2008).
 43. Köstlin, N. et al. HLA-G promotes myeloid-derived suppressor cell accumulation and suppressive activity during human pregnancy 

through engagement of the receptor ILT4. Eur. J. Immunol. 47(2), 374–384. https:// doi. org/ 10. 1002/ eji. 20164 6564 (2016).
 44. Zhang, Y. H., He, M., Wang, Y. & Liao, A. H. Modulators of the balance between M1 and M2 macrophages during pregnancy. 

Front. Immunol. https:// doi. org/ 10. 3389/ fimmu. 2017. 00120 (2017).
 45. Morandi, F., Rouas-Freiss, N. & Pistoia, V. The emerging role of soluble HLA-G in the control of chemotaxis. Cytokine Growth 

Fact. Rev. 25(3), 327–335. https:// doi. org/ 10. 1016/j. cytog fr. 2014. 04. 004 (2014).

Acknowledgements
We thank the patients participating in the study, Dr. Julian David Martinez from Hospital Universitario de la 
Samaritana and Dr. Mario Abadía from Centro Policlinico del Olaya for their participation in the management 
of the samples collection from patients with benign gastric pathologies confirmed by endoscopy-Biopsy and to 
the administrative technical staff that contributed to the correct development of our project.

https://doi.org/10.1016/j.humimm.2010.02.015
https://doi.org/10.22034/APJCP.2018.19.10.2731
https://doi.org/10.1016/j.intimp.2022.108798
https://doi.org/10.1016/j.humimm.2016.01.002
https://doi.org/10.3402/jev.v4.27378
https://doi.org/10.3402/jev.v4.27378
https://doi.org/10.3389/fcvm.2017.00068
https://doi.org/10.1007/s00018-019-03071-y
https://doi.org/10.3389/fimmu.2021.791535
https://doi.org/10.3390/ijms22158265
https://doi.org/10.3390/ijms22158265
https://doi.org/10.1007/s00418-022-02141-w
https://doi.org/10.2174/187153011794982059
https://doi.org/10.1111/j.1600-0897.2009.00707.x
https://doi.org/10.1016/j.ejogrb.2019.01.030
https://doi.org/10.1016/j.ejogrb.2019.01.030
https://doi.org/10.1007/s00428-018-2379-0
https://doi.org/10.1093/annonc/mdz155.279
https://doi.org/10.1093/annonc/mdz155.279
https://doi.org/10.1136/gut.2009.182089
https://doi.org/10.3390/ijms22126548
https://doi.org/10.3390/ijms22126548
https://doi.org/10.1016/s0016-5107(92)70481-7
https://doi.org/10.1016/j.gie.2015.03.1967
https://doi.org/10.1016/bs.ai.2015.04.001
https://doi.org/10.1016/bs.ai.2015.04.001
https://doi.org/10.1007/s10620-020-06561-3
https://doi.org/10.1002/iub.1748
https://doi.org/10.1111/sji.12385
https://doi.org/10.1111/sji.12385
https://doi.org/10.1111/sji.12390
https://doi.org/10.1159/000485819
https://doi.org/10.1016/j.lfs.2020.118110
https://doi.org/10.1038/leu.2012.62
https://doi.org/10.3390/cells9092123
https://doi.org/10.4049/jimmunol.1300438
https://doi.org/10.1073/pnas.0803341105
https://doi.org/10.1002/eji.201646564
https://doi.org/10.3389/fimmu.2017.00120
https://doi.org/10.1016/j.cytogfr.2014.04.004


13

Vol.:(0123456789)

Scientific Reports |        (2023) 13:13119  | https://doi.org/10.1038/s41598-023-40132-6

www.nature.com/scientificreports/

Author contributions
Author contributions for this article were as follows “Conceptualization, R.O., R.S., L.M.M. and J.A.R.; method-
ology development, C.H., A.R., D.M., D.R., V.M. and P.M.; samples acquisition, processing and storage, A.M.C. 
validation, C.F.C., V.M., P.M. and A.M.C.; formal analysis, M.N., V.M., P.M. and J.A.R.; investigation, V.M., P.M. 
and J.A.R.; writing—V.M., P.M. and J.A.R. original draft preparation, V.M., P.M. and J.A.R.; writing—V.M., P.M. 
and J.A.R.; funding acquisition, L.M.M. and J.A.R. All authors have read and agreed to the published version 
of the manuscript.”

Funding
This research was funded by Instituto Nacional de Cancerología Grant Number XRPM: C19010300-408, (to J. 
Rodriguez).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 40132-6.

Correspondence and requests for materials should be addressed to J.A.R.-G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-40132-6
https://doi.org/10.1038/s41598-023-40132-6
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Soluble HLA-G (sHLA-G) measurement might be useful as an early diagnostic biomarker and screening test for gastric cancer
	Results
	Characteristics of the population. 
	sHLA-g expression levels. 
	sHLA-Gev confirmation assays. 
	Survival analysis. 

	Discussion
	Methods
	Patients. 
	Sample collection. 
	Detection of sHLA-G plasma levels. 
	Exosomes isolation from plasma samples. 
	Exosome confirmation assays. 
	Nanoparticle tracking analysis. 
	Transmission electron microscopy. 
	Dot blot. 
	Flow cytometry. 
	Statistical analyses. 
	Institutional review board. 
	Informed consent. 

	References
	Acknowledgements


