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Abstract

Background
Gastric cancer (GC) is a highly malignant disease for which the development of novel biomarkers and
therapeutic targets is urgently required. Decreased expression of Osteoglycin (OGN) has been observed in
the progression of a variety of human cancers; however, the pathologic signi�cance of OGN in GC
remains unexplored. We aimed to detect the expression of OGN in gastric cancer tissues, and to
evaluated the relationship between OGN expression and the clinico-pathological features in GC patients.

Methods
In this study, the expression levels of OGN were detected by immunohistochemistry (IHC) with the cohort
including 44 gastric cancer samples and 40 non-tumorous samples. The data was statistically analyzed
using GraphPad Prism 8.0.

Results
We found that OGN expression was downregulated in GC tissues compared to non-tumor counterparts.
Furthermore, GC samples with lower OGN levels demonstrated higher lymph node metastasis.
Histological analysis further con�rmed that OGN downregulation was related to lower differentiation
status of GC.

Conclusions
Collectively, our results indicate that dysregulation of OGN might be involved in GC development and that
the expression of OGN may serve as a potential biomarker for monitoring of the progression of GC.

Background
Gastric cancer (GC) is the �fth most common malignancy globally.[1] It is estimated that approximately
one million cases of GC occur each year,[2, 3] with more than half of all GC cases emerging from East
Asia.[4, 5] Despite signi�cant advances in diagnostic techniques, surgical and chemotherapeutic
approaches, GC is still the third leading cause of cancer mortality worldwide.[6, 7] The majority of GC
cases are usually not diagnosed until an advanced stage, leading to a low survival rate of 20–25%.[8–10]
It is of great importance to identify novel biomarkers associated with GC pathogenesis to improve the
monitoring of the disease progression.

Osteoglycin (OGN) is a member of the small leucine-rich proteoglycans (SLRPs), a family of extracellular
proteoglycans with several leucine-rich repeats.[11, 12] As a component of extracellular matrix (ECM),
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OGN can bind collagen as well as several growth factors including transforming growth factor-β (TGF-β),
[13] epidermal growth factor receptors (EGFRs) and insulin growth factor receptors (IGFs),[14] playing key
roles in ECM remodeling and tissue development.[15, 16] Recent studies have shown that downregulation
of OGN is involved in the progression and metastasis of various human cancers such as squamous
cervical carcinoma, vaginal cancer, colorectal adenoma, and laryngeal carcinoma.[11, 14, 17] In colorectal
cancer, for example, by binding EGFRs and facilitating their endocytosis and degradation, OGN plays a
tumor suppressive role by mediating the negative feedback control of EGFR signaling.[18] In accordance,
lower OGN expression is an indicator of decreased survival and higher cancer recurrence in colorectal
cancer.[14, 17, 19] Genome-scale transcriptomic analysis has revealed signi�cant downregulation of OGN
expression in GC tissues compared to non-tumorous stomach tissues,[20] however, the relationship
between its expression and the clinic-pathological features of GC has not yet been investigated. In this
study, we evaluated the expression of OGN in gastric cancer specimens and examine its pathologic
signi�cance.

Methods
Patient samples and Ethics statement

All of the tissue blocks used in this study were obtained from the General Surgery of the A�liated
Hospital of Jiangnan University from October 2017 to April 2018. There were 44 patients in total and no
patient had received preoperative chemotherapy or radiotherapy. Forty adjacent non-tumorous tissues
were obtained by gastrectomy (> 5 cm). All of the samples were independently evaluated and con�rmed
by two pathologists. GC tumor types were classi�ed according to the 2002 World Health Organization
(WHO) GC histological classi�cation and Lauren classi�cation.[21] The �nal stage of the sample was
determined according to the Union for International Cancer Control (UICC) classi�cation system. All of the
tissue samples were obtained with the patients’ written consent, and the research protocol was approved
by the Human Research Ethics Committee of the A�liated Hospital of Jiangnan University.

Immunohistochemistry (IHC) and quanti�cation

The expression level of OGN protein was determined by IHC. The tissue sections were �rst dewaxed in
xylene and passed through a gradient of ethanol to distilled water. The tissue sections were mixed with
sodium citrate antigen retrieval buffer (pH 8.0) and boiled in a microwave oven for 10 min. After cooling,
the tissue sections were treated with 3% H2O2 for 10 min to block endogenous peroxidase activity. The
tissue sections were then blocked with 2% bovine serum albumin (catalog number A8020; Solarbio) and
incubated with OGN antibody at 4 °C overnight. An EnVision detection system (Dako) was used to stain
the OGN in the tissue microarrays (TMA). After washing them three times with PBS, the sections were
incubated with secondary antibodies and stained with 3,3'-diaminobenzidine reagent. The tissue sections
were then counterstained with hematoxylin, dehydrated with gradient alcohol, clari�ed in xylene, and
mounted with neutral resin.
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IHC quanti�cation and statistical analysis

IHC staining was evaluated in a semiquantitative method by scoring the intensity on a scale from 0 to 3
(0, negative; 1, weak or scattered staining in a minority of cells; 2, moderate or strong staining in a
majority of cells; and 3, strong staining in all cells), as reported previously.[22] For the statistical analysis,
the patients were strati�ed into OGNLow (score of 0-1) vs OGNHigh (score of 2-3) groups. The statistical
analyses were conducted using GraphPad Prism software version 6.0, and the differences between the
expression of OGN and the clinic-pathological variables were examined using the Chi-Squared test and
the Student’s t-test. P ≤ 0.05 was considered statistically signi�cant.

Results

Clinicopathological data
Among the 44 patients studied, 21 (61%) were men and 17 (39%) were women, with a mean age of 65
years (range, 53 to 82 years). Total gastrectomy was performed in 21 patients and distal subtotal
gastrectomy in 23 patients. Thirty-six patients had H. pylori infection. The histological examination after
surgery showed 5 cases of mucinous type, 29 cases of tubular type, 1 case of signet-ring cell carcinoma,
and 9 cases of others. Twenty-�ve (57%) of the studied tumors were classi�ed as moderately
differentiated type and 19 (43%) as poorly differentiated type. According to TNM classi�cation, 15 (34%)
were of limited (T1/2) extent and 29 (66%) were locally advanced (T3/4). By pathological and clinical
assessment, the majority of patients had lymphatic metastases (N1-N3; 73%). In contrast, only 4 cases
had distant metastases (M1) at the time of surgery. Twenty-three cases showed presence of lymphatic
tumor emboli. Five (11%) cases had stage I disease, 17 (39%) had stage II disease, 18 (41%) cases had
stage III disease and 4 (9%) cases had stage III disease (Table 1).
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Table 1
Patient and tumor characteristics

    Patient characteristics

Total number 44

Age (years)  

Median [Range] 65 [53–82]

Gender    

Female   17 (39%)

Male   27 (61%)

T-Status    

1   1 (2%)

2   14 (32%)

3   2 (4%)

4   27 (62)

N-Status    

0   12 (27%)

1   8 (18%)

2   17 (39%)

3   7 (16%)

M-Status    

0   40 (91%)

1   4 (9%)

Borrmann classi�cation

I   7 (16%)

II   17 (39%)

III   18 (41%)

IV   2 (4%)

Stage    

I   5 (11%)
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    Patient characteristics

II   17 (39%)

III   18 (41%)

IV   4 (9%)

H. pylori infection    

+   36 (82%)

-   8 (18%)

Tumor emboli    

+   23 (52%)

-   21 (48%)

Histologic differentiation

Moderated   14 (32%)

Poorly   30 (68%)

Expression of OGN decreased in the GC tissues compared with the adjacent normal tissues

To determine whether the expression of OGN was dysregulated in gastric cancer, IHC was performed on
the TMA with 44 GC tissues and 40 non-tumorous stomach tissues. OGN expression was seen
throughout the foveolar and glandular epithelium of the mucosa (38/40, 95%), with the basal segments
of the gland showing more intensive staining (Fig. 1A). In contrast, GC samples revealed varying
expression intensities of OGN ranging from strong to absent (Fig. 1A). Quantitative analysis of the IHC
results, as shown in (Fig. 1B), showed that loss of OGN expression occurred in 75% of gastric carcinoma
samples (P < 0.001). These results indicate that the expression of OGN in the GC tissues was signi�cantly
reduced than that in the non-tumorous tissues.

Ogn Expression Correlates With Histological Differentiation
Of Gc
The degree of tumor differentiation is an important indicator of tumor malignancy, with poorly
differentiated tumors tending to be more aggressive.[23] To study whether the expression level of OGN
protein is related to the degree of GC differentiation, we compared the expression of OGN in GC tissues
with different differentiation status (Fig. 2A). The statistical analysis showed that expression levels of
OGN in the poorly differentiated GC tissues were signi�cantly lower than those in the moderately
differentiated GC tissues (P = 0.0015, Fig. 2B). This result indicates OGN expression in GC is negatively
correlated with the degree of tumor differentiation.
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GC samples with lower OGN expression demonstrated higher degree of lymph node metastasis

We further examined the association of OGN expression levels with several other clinic-pathological
parameters of the GC patients. There was no signi�cant correlation between the levels of OGN and the
gastric cancer subtype, Borrmann classi�cation, status of tumor emboli, histological type, or H. pylori
infection status (Table 2).
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Table 2
Association of expression of OGN with clinicopathological characteristics

in gastric cancer patients
Characteristic OGN

High expression Low expression 𝑝

Total        

Cancer   11 (25%) 33 (75%) 0.000

Adjacent normal tissue 38 (95%) 2 (5%)

Histologic differentiation    

medium   8 (57%) 6 (43%) 0.001

Poorly   3 (10%) 27 (90%)

N-status        

0&1   8 (40%) 12 (60%) 0.036

2&3   3 (13%) 21 (87%)

Borrmann classi�cation    

I   3 (43%) 4 (57%) 0.250

II   2 (12%) 15 (88%)

III   6 (33%) 12 (67%)

IV   0 (0%) 2 (100%)

Stage        

I   1 (20%) 4 (80%) 0.218

II   7 (41%) 10 (59%)

III   3 (17%) 15 (83%)

IV   0 (0%) 4 (100%)

H. pylori infection      

+   6 (75%) 2 (25%) 0.549

-   23 (64%) 13 (36%)

Tumor emboli      

+   14 (61%) 9 (39%) 0.461

-   15 (71%) 6 (29%)
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Characteristic OGN

High expression Low expression 𝑝

Gastric carcinoma subtype    

Intestinal   5 (19%) 22 (81%) 0.324

Diffuse   1 (14%) 6 (86%)

Mixed   4 (40%) 6 (60%)

Histological type      

Tubular   6 (21%) 23 (79%) 0.670

Mucinous   2 (40%) 3 (60%)

Signet ring   0 (0%) 1 (100%)

Others   3(33%) 6 (67%)

Tumor invasion and metastasis is one of the main causes of death in patients with GC.[24, 25] Notably,
GC patients with lower OGN expression were more prone to exhibit higher degree of lymph node
metastasis than patients with higher OGN expression (Fig. 3A and 3B). These results indicate that
decreased OGN expression is associated with enhanced lymph node metastasis in GC.

Discussion
GC is one of the leading causes of cancer-related death with limited therapeutic options.[26] Identi�cation
of disease biomarkers and drug targets is urgently needed. In the present study, we analyzed OGN
expression levels in a cohort of gastric cancer patients and correlated to their clinico-pathological
features. Our results showed that the expression levels of OGN in gastric cancer tissues were signi�cantly
reduced compared to the normal counterparts. In addition, lower OGN expression was associated with
higher lymph node metastasis and poor differentiation status, which are indicators of more advanced
malignancy. Together, these results demonstrated that OGN downregulation might participate in the
progression of gastric cancer, and suggested OGN as a potential biomarker for cancer diagnosis and
monitoring in GC.

Several studies have shown that OGN is downregulated in a varity of human cancers including
squamous cervical carcinoma, colorectal adenoma and breast cancer, suggesting that it may function as
a tumor suppressor. For example, OGN was shown to reduce EGFR/Akt/Zeb-1 activity by enhancing EGFR
dimerization and endocytosis, leading to inhibition of epithelial-mesenchymal transition, reduced cell
proliferation and invasion in colon cancer cells.[18, 19] Notably, recent study by Hu et al. demonstrated an
immuno-regulatory role of OGN in cancer progression, by which OGN attenuates HIF-1a/VEGF signaling
axis and thus inhibits CD8 + cell in�ltration.[14, 27] Our observation that GC patients with low OGN
expression were associated with higher lymph node metastasis and lower differentiation status is in
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accordance with these �ndings. As epithelial-mesenchymal transition (EMT) and evasion of immune
destruction are typical features of advanced malignancies,[28–30] further research should be conducted
to investigate the mechanism by which OGN may be involved in these biological processes.

Conclusions
Collectively, this study identi�ed that OGN expression was signi�cantly decreased in gastric cancer
tissues. Furthermore, the result indicated that reduced OGN expression was related to higher lymph node
metastasis and poorly differentiation status. It is necessary to further study the molecular mechanism of
OGN in the initiation and development of gastric cancer, which may give insights into the molecular basis
of the role of OGN in GC progression and metastasis, and provide potential novel therapeutic target for
GC treatment.
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Figures

Figure 1

OGN expression in gastric cancer tissues and adjacent normal tissues.
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A. IHC of OGN in gastric cancer tissues and adjacent normal tissues. Tumor samples were layered into
OGNLow and OGNHigh groups and representative images are displayed. Scale bar, 50 µm. B. Quanti�cation
of OGN staining in gastric cancer tissues and adjacent normal tissues (P < 0.001).

Figure 2

OGN expression in medium differentiation and poorly differentiated tissues in gastric cancer.

A. IHC of OGN in medium differentiation and poorly differentiated tissues of gastric cancer. Tumor
samples were layered into OGNLow and OGNHigh groups and representative images are displayed. Scale
bar, 50 µm. B. Quanti�cation of OGN staining in medium differentiation and poorly differentiated tissues
of gastric cancer (P < 0.01).

Figure 3

OGN expression in different degrees of lymph node metastasis.
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A. IHC of OGN in gastric cancer with different degrees of lymph node metastasis. Tumor samples are
layered into OGNLow and OGNHigh groups and representative images are displayed. Scale bar, 50 µm. B.
Quanti�cation of OGN staining in different degrees of lymph node metastasis in gastric cancer (P <0.01).


