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ABSTRACT
Gastric adenocarcinoma is a malignant neoplasm of  the gastric mucosa composed of  neoplastic cells and supporting 
stroma as with any neoplasm. Stromal myofibroblasts have an essential role in creating the tumor-promoting envi-
ronment. They express certain substances, such as CD10. In this study, stromal CD10 expression was investigated 
by immunohistochemistry in gastric carcinoma, and its association with specific clinicopathological parameters was 
analyzed. Formalin-fixed paraffin-embedded blocks of  80 gastric adenocarcinoma cases were collected retrospec-
tively in a private laboratory of  the Rizgary Teaching Hospital for 2 years (January 2018–January 2020). Finally, the 
immunohistochemical study of  CD10 expression in stromal cells was performed. According to the results, stromal 
CD10 immunoreactivity was detected in 15% of  the cases. Furthermore, a statistically significant correlation was 
observed between stromal CD10 and the tumor type (P=0.015). However, no statistically significant relationship was 
identified between stromal CD10 expression and patients' age, gender, lymphovascular invasion, lymph node status, 
and tumor stage and grade. The results suggest a statistically significant positive correlation between stromal CD10 
expression and tumor type.
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INTRODUCTION

Gastric cancer (GC) is the fifth most common cancer and 
the third leading cause of  cancer-related deaths (high-rate mor-
tality) in the world [1, 2]. A survey in Iraq revealed that GC is the 
seventh most common cancer [3]. Many patients have advanced 
or metastatic disease at presentation, and their prognosis is rela-
tively poor [4]. GC has heterogeneous biological behavior result-
ing in differing prognoses independent of  the clinical stage [5].

Carcinogenesis is a multistep process involving genetic mu-
tations of  neoplastic cells and the development of  supportive 
stroma [6]. Despite extensive studies on cancer cells, the research 
advances have demonstrated that cancer progression is basically 
dependent on individual biological behaviors, being controlled 
via the interaction between cancer cells and the tumor micro-
environment (TME) [7]. Many researchers have identified the 
pivotal function of  TME in GC progression [8–10].

TME, which is heterogeneous in nature, is responsible for 
the growth and expansion of  cancer cells composed of  an ex-
tracellular matrix (ECM) and various cell types, including fi-
broblasts, immune cells, and vascular endothelial cells [11, 12]. 
These are stromal cells that release different molecules to directly 
activate the growth signaling in cancer cells or remodel surround-
ing areas to help tumors [11].

Stromal myofibroblasts, called cancer-associated fibroblasts 
(CAF), include both tumor‐promoting and tumor‐restraining 
populations [11]. They have several origins, such as marrow-de-
rived mesenchymal stem cells or stromal fibroblasts' transforma-
tion by tumor-derived cytokines (e.g., transforming growth factor-β 
(TGF-β)) [13]. Due to their heterogeneity, CAFs are not defined 
by a single marker but rather as a cell that expresses ECM mole-
cules and matrix metalloproteinases (MMPs) [14]. CD10-positive 
stromal cells belong to the myofibroblast group [15].

Evidence shows that myofibroblasts have a significant role 
in tumor growth, invasion, and metastasis [6, 16]. CAFs express 
some MMPs that have been reported to promote epithelial in-
vasion [17]. These MMPs contribute to cancer development 
by releasing bioactive molecules that prevent apoptosis and 
promote invasion and metastasis, degradation of  ECM compo-
nents, induction of  angiogenesis, and modulation of  the immune 
system [18, 19]. 

CD10 is a cell surface type II zinc-dependent metalloprotease 
identical to neutral endopeptidase; it has structural similarity to 
MMPs and is one of  the intestinal markers in patients with early 
gastric cancer [20, 21]. Its DNA sequences are located on human 
chromosome 3, at 3q21-27 [22]. Moreover, it is considered a mark-
er for germinal center cells of  the normal lymphoid tissue and their 
derivative follicular lymphomas [23]. It is also highly expressed in 
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kidney and lung tissues and might be found in the choroid plex-
us, placenta, gonads, adrenal cortex, and small intestine [21]. The 
stroma of  various malignancies contains CD10 positive cells, e.g., 
gastric, lung, breast, and prostate carcinomas [24–27].

The recognition of  stromal CD10 in gastric cancer might 
predict invasive and metastatic potency and assist in the discov-
ery of  targeted therapy.

This study aimed to demonstrate stromal CD10 immunore-
activity in gastric adenocarcinoma and investigate its association 
with some clinicopathological parameters, including the patient's 
age, gender, tumor type, lymphovascular invasion, and lymph 
node status as well as tumor grade and stage.

MATERIAL AND METHODS

Eighty formalin-fixed paraffin-embedded blocks of  partial 
or total gastrectomy specimens performed for gastric adenocar-
cinoma were collected retrospectively from the Rizgary hospital 
and a private pathology laboratory in Erbil city (Kurdistan region 
of  Iraq) for 2 years, from January 2018 to January 2020. 

Two sections were prepared from each block, one stained 
with H&E to assess the amount of  stroma and the other to evalu-
ate stromal CD10 expression using immunohistochemistry.

Cases were classified based on their type to intestinal and 
diffuse types. Their histological grades were defined as well-mod-
erately and poorly differentiated. The pathological staging was 
performed according to the 8th edition of  the American Joint 
Committee on cancer by grouping the various TNM compo-
nents [28].

Immunohistochemical Method

According to Dako's recommendations, sections were stained 
with CD10 immuno-stain using labeled and enhanced polymer 
systems (Dako EnVision™ Flex). In the Dako autostainer PT 
link, staining steps and incubation times are pre-programmed. 

The sections with 4 μm thick were mounted on salinized slides 
and put in an autostainer (in which a substrate buffer, blocking re-
agent for endogenous peroxidase, monoclonal anti-human CD10 
as a primary antibody, mouse linker as a secondary reagent, 
EnVision/HRP as a labeled polymer, chromogen, a counterstain 
as hematoxylin, and distilled water were applied on all slides). 
After removing the autostainer slides, they were put in graded 
ethanols of  70%, 100%, and 100% for 2 minutes each; then, they 
were put for 2 minutes in xylene. Lastly, mounting was performed 
using Canada Balsam. Scoring of  stromal CD10 immunoreactiv-
ity was done and reviewed by two expert pathologists using light 
microscopy. A section from the reactive lymph node was used as 
a positive control for CD10 immunoreactivity, while the negative 
control was checked by omitting the primary antibody.

Scoring System

The cutoff value of  antibody reactivity was 10%. CD10 im-
munoreactivity in more than 10% of  stromal cells was regarded 
as positive, while any positivity of  less than 10% of  stromal cells 
was regarded as negative [24, 29, 30].

Statistical Analysis

We depended on SPSS program version 23 for statistical 
analysis; the significance level was set (p≤0.05). The chi-square 
test was used to study the association between CD10 expression 
and clinicopathological parameters.

RESULTS

Out of  80 cases, 44 (55%) were males, and 36 (45%) were 
females. The male-to-female ratio was 1.2:1. Their age ranged 
from 26 to 90 years, with a mean age of  61.21 years. Furthermore, 
about 80% of  the patients were above 50 years. The data of  other 
clinicopathological features of  all cases are summarized in Table1.

Variables Categories Number Percent

Gender
Male 44 55

Female 36 45

Age groups
≤50 years 16 20

>50 years 64 80

Tumor type
Intestinal type 48 60

Diffuse type 32 40

Tumor grade
Well-moderately differentiated 33 41.3

Poorly differentiated 47 58.7

Lymphovascular invasion
Positive 64 80

Negative 16 20

Nodal status
Positive 69 86.3

Negative 11 13.8

Tumor stage
1–2 24 30

3–4 56 70

Stromal CD10 expression
Positive 12 15

Negative 68 85

Total 80 100

Table 1. The demographic and clinicopathological features of sampled cases.
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Analysis of  stromal CD10 immunoreactivity in all 80 sam-
ples showed that only 12 (15%) cases were positive for stromal 
CD10, and the remaining 68 (85%) were negative.

Among positive cases, 11 (91.6%) were intestinal type, and 
1 (8.3%) was a diffuse type; whereas, among negative cases, 
37 (54.4%) were intestinal type and 31 (45.6%) were diffuse type. 
Stromal CD10 expression was significantly correlated with tu-
mor type (p=0.015).

The tumor grades of  33 samples were well-moderately dif-
ferentiated, and 47 were poorly differentiated. From each grade 
group, 6 cases were positive for stromal CD10.

Further, 64 cases had positive lymphovascular invasion, 
and 69 cases had positive lymph nodes. Out of  12 positive cases, 
11 (approximately 92%) had lymphovascular invasion, and the 
same percentage had lymph node metastasis. However, most 
patients with positive lymphovascular invasion and lymph nodes 
had stromal cells negative for CD10.

The number of  patients with tumor stage 1 or 2 was 24, 
while with stage 3 or 4 it was 56. Although most stromal CD10 
positive cases (75%) were in stage 3 or 4 of  the disease, they did 
not show stromal CD10 immunoreactivity.

There was no statistically significant association between 
stromal CD10 expression and tumor grade, lymphovascular in-
vasion, lymph node status, and tumor stage. Association between 
stromal CD10 immunoreactivity and clinicopathological param-
eters is presented in Table 2.

Representative examples of  a stromal CD10 positive and 
negative cases are shown in Figures 1 and 2, respectively.

DISCUSSION

CD10 is a well-known metalloproteinase expressed by vari-
ous cell types [21]. Their release from stromal myofibroblasts in 
malignant tumors enhances the growth of  cancer cells [17]. 

Among the 80 patients, only 12 (15%) showed stromal 
CD10 immunoreactivity. This result was similar to that found by 

Wen-Bin Huang et al. [24], in which stromal CD10 positivity was 
identified in 19% of  the sampled cases.

The present study demonstrated a statistically significant 
correlation between stromal CD10 and gastric adenocarcinoma 
type. Similar results were found by Wen-Bin Huang et al. [24], who 
studied stromal CD10 expression in 116 specimens of  gastric can-
cer. He found a statistically significant association between such 
immunoreactivity and tumor type, as he observed that most stro-
mal CD10 positive tumors were of  intestinal type. Intestinal-type 
gastric adenocarcinoma arises from Helicobacter pylori-associated 
chronic gastritis that induces intestinal metaplasia. It undergoes 
dysplasia followed by carcinoma in situ and invasive carcinoma, 
and chronic inflammation recruits bone marrow-derived myofi-
broblasts positive for CD10 [13].

The correlation analysis between tumor grade and stromal 
C10 immunoreactivity did not show any significant result since, 
among 47 cases with high-grade histology, only 6 were stromal 
CD10 positive, and the remainder were negative; a similar result 
was found by Sravan et al. [29].

Compatible results about such association with lymphovas-
cular invasion and lymph node status were found by Jafarian et al. 
[31]. Although a majority (about 92%) of  stromal CD10 positive 
samples had the lymphovascular invasion, and the same percent-
age had positive lymph nodes, they were not significant statis-
tically because 77% and 85% of  stromal CD10 negative cases 
had lymphovascular invasion and lymph nodes, respectively. In 
contrast to the present study, Wen-Bin Huang et al. [24] demon-
strated a significant correlation of  stromal CD10 positivity with 
lymphovascular invasion and nodal metastasis. Additionally, a 
further study examining 78 cases of  gastric lesions found a signif-
icant relation between CD10 and lymphoid node metastasis [32].

In the current research, a correlation was observed between 
stromal CD10 positivity and tumor stage, as 75% of  positive 
cases were either stage II or IV; however, this relation was not 
statistically significant. This finding was in line with two similar 
studies done by Sravan et al. [29] and Wen-Bin Huang et al. [24]. 
In contrast, in Jafarian et al. study, the evidence demonstrated 

Variables Categories
Stromal CD10 expression

p-value
Negative Positive

Gender
Male 38 (55.9%) 6 (50%)

0.706
Female 30 (44.1%) 6 (50%)

Age groups
≤50 years 15 (22.1%) 1 (8.3%)

0.442
>50 years 53 (77.9%) 11 (91.7%)

Tumor Type
Intestinal type 37 (54.4%) 11 (91.6%)

0.015
Diffuse type 31 (45.6%) 1 (8.3%)

Tumor grade
Well-moderately differentiated 27 (39.7%) 6 (50%)

0.539
Poorly differentiated 41 (60.3%) 6 (50%)

Lymphovascular 
invasion

Positive 53 (77.9%) 11 (91.7%)
0.442

Negative 15 (22.1%) 1 (8.3%)

Nodal status
Positive 58 (85.3%) 11 (91.7%)

0.479
Negative 10 (14.7%) 1 (8.3%)

Tumor stage
1–2 21 (30.9%) 3 (25%)

0.486
3–4 47 (69.1%) 9 (75%)

Total 68 (100%) 12 (100%)

Table 2. The correlation between stromal CD10 immunoreactivity and clinicopathological parameters.
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Figure 1. Positive stromal CD10 (IHC X100).

Figure 2. Negative stromal cells for CD10; Positive internal control can be noted on the surface of neoplastic glands (IHC X100).
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a relation between stromal CD 10 expression and tumor stage 
(p=0.01) [31].

Although the majority of  positive cases were aged above 
50 years, there was no significant correlation, similar to the re-
sults found by Jafarian et al. [31]. 

Earlier, Pan et al. [33] showed that peptide prodrugs im-
proved the efficacy of  cytotoxic drugs; however, they were cleav-
able by peptidases, including CD10 present in the tumor envi-
ronment, according to which blockade of  CD10 increased the 
therapeutic index of  such drugs. New cancer therapy to enhance 
the effect of  already present cytotoxic drugs and, more interest-
ingly, medications to prevent gastric cancer in high-risk patients 
can be invented depending on the present research and future 
studies on the molecular basis of  stromal–cancer interaction.

The discrepancy between the findings of  this research and 
those of  previous studies is probably due to several factors, in-
cluding sample size, fixation duration, antigen retrieval method, 
antibody type, and scoring system. In the present study, a correla-
tion of  stromal CD10 expression with lymphovascular invasion 
and lymph node metastasis at a higher stage was observed; how-
ever, these correlations were not significant statistically.

CONCLUSION

The correlation of  stromal CD10 expression with some clin-
icopathological parameters, such as age, gender, lymphovascular 
invasion, lymph node status, as well as tumor grade and stage, 
appears to be helpful. In this study, stromal CD10 immunore-
activity was identified in 15% of  gastric adenocarcinoma cases, 
which was significantly correlated with the tumor type; however, 
no statistically significant association was identified with other 
parameters.

ACKNOWLEDGMENTS

Conflict of interest
The authors declare no conflict of  interest. 

Ethical approval 
Ethical approval was obtained from the Ethics Committee 

of  the Kurdistan Board for Medical Specialties (No.629, 
21/09.2020).

Personal thanks 
I would like to thank Dr. Fairuz Abdullah Kakasur for her 

support in collecting samples and Dr. Rebaz Tahir for his help in 
conducting the statistical analysis of  the study.

Authorship 
JAJ contributed to study design. SJA contributed to data 

collection, statistical analysis and data interpretation. JAJ and 
KSH revised the data interpretation. JAJ and SJA performed 
the literature search. SJA wrote the original draft. JAJ, KSH and 
SJA revised and edited the draft. All authors approved the final 
manuscript.

REFERENCES
1. Eusebi LH, Telese A, Marasco G, Bazzoli F, Zagari RM. Gastric cancer 

prevention strategies: A global perspective. J Gastroenterol Hepatol. 2020 
Sep;35(9):1495-1502. doi: 10.1111/jgh.15037.

2. The Global Cancer Observatory. Stomach cancer. Available from: Global 
Cancer Observatory (iarc.fr).

3. Ministry of  Health, Republic of  Iraq. Annual Report of  Cancer Disease in 
Iraq 2013. 2017.

4. Van Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H. Gastric 
cancer. Lancet. 2016 Nov 26;388(10060):2654-2664. doi: 10.1016/S0140-
6736(16)30354-3.

5. Wong H, Yau T. Targeted therapy in the management of  advanced gastric 
cancer: are we making progress in the era of  personalized medicine? 
Oncologist. 2012;17(3):346-58. doi: 10.1634/theoncologist.2011-0311.

6. Stricker TP KVN. Robbins and Cotran pathologic basis of  disease. Ed: 
Kumar V, Abbas AK, Fausto N AJ Philadelphia: Saunders. 2010.

7. Suzuki HI, Katsura A, Matsuyama H, Miyazono K. MicroRNA regulons 
in tumor microenvironment. Oncogene. 2015 Jun 11;34(24):3085-94. doi: 
10.1038/onc.2014.254.

8. Peng CW, Tian Q, Yang GF, Fang M, et al. Quantum-dots based simultaneous 
detection of  multiple biomarkers of  tumor stromal features to predict clinical 
outcomes in gastric cancer. Biomaterials. 2012 Aug;33(23):5742-52. doi: 
10.1016/j.biomaterials.2012.04.034.

9. Lee K, Hwang H, Nam KT. Immune response and the tumor 
microenvironment: how they communicate to regulate gastric cancer. Gut 
Liver. 2014 Mar;8(2):131-9. doi: 10.5009/gnl.2014.8.2.131.

10. Kim JW, Nam KH, Ahn SH, Park DJ, et al. Prognostic implications of  
immunosuppressive protein expression in tumors as well as immune cell 
infiltration within the tumor microenvironment in gastric cancer. Gastric 
Cancer. 2016 Jan;19(1):42-52. doi: 10.1007/s10120-014-0440-5.

11. Oya Y, Hayakawa Y, Koike K. Tumor microenvironment in gastric cancers. 
Cancer Sci. 2020;111(8):2696-2707. doi: 10.1111/cas.14521.

12. LAUREN P. THE TWO HISTOLOGICAL MAIN TYPES OF 
GASTRIC CARCINOMA: DIFFUSE AND SO-CALLED INTESTINAL-
TYPE CARCINOMA. AN ATTEMPT AT A HISTO-CLINICAL 
CLASSIFICATION. Acta Pathol Microbiol Scand. 1965;64:31-49. doi: 
10.1111/apm.1965.64.1.31.

13. Quante M, Tu SP, Tomita H, Gonda T, et al. Bone marrow-derived 
myofibroblasts contribute to the mesenchymal stem cell niche and promote 
tumor growth. Cancer Cell. 2011 Feb 15;19(2):257-72. doi: 10.1016/ 
j.ccr.2011.01.020.

14. McDonald LT, Russell DL, Kelly RR, Xiong Y, et al. Hematopoietic stem 
cell-derived cancer-associated fibroblasts are novel contributors to the pro-
tumorigenic microenvironment. Neoplasia. 2015 May;17(5):434-48. doi: 
10.1016/j.neo.2015.04.004.

15. Ogawa H, Iwaya K, Izumi M, Kuroda M, Serizawa H, Koyanagi Y, Mukai K. 
Expression of  CD10 by stromal cells during colorectal tumor development. 
Hum Pathol. 2002 Aug;33(8):806-11. doi: 10.1053/hupa.2002.125773.

16. De Wever O, Lapeire L, De Boeck A, Hendrix A. Cellular and molecular 
mechanisms of  cancer cell invasion. Verh K Acad Geneeskd Belg. 2010; 
72(5-6):309-26.

17. Hassona Y, Cirillo N, Heesom K, Parkinson EK, Prime SS. Senescent cancer-
associated fibroblasts secrete active MMP-2 that promotes keratinocyte dis-
cohesion and invasion. Br J Cancer. 2014 Sep 9;111(6):1230-7. doi: 10.1038/
bjc.2014.438.

18. Li CH, Liu M, Pan LH, Sun Y. ANP reduced Hedgehog signaling-mediated 
activation of  matrix metalloproteinase-9 in gastric cancer cell line MGC-803. 
Gene. 2020 Dec 15;762:145044. doi: 10.1016/j.gene.2020.145044.

19. Sternlicht MD, Werb Z. How matrix metalloproteinases regulate cell 
behavior. Annu Rev Cell Dev Biol. 2001;17:463-516. doi: 10.1146/annurev.
cellbio.17.1.463.

20. Mochalnikova VV, Gorsheneva VM, Perevoschikov AG, Malikhova OA. 
Prognostic value of  the mucin immunohistochemical profile of  early gastric 
cancer. Mod Probl Sci Educ Surg. 2020;3:29-35.

21. Maguer-Satta V, Besançon R, Bachelard-Cascales E. Concise review: neutral 
endopeptidase (CD10): a multifaceted environment actor in stem cells, 
physiological mechanisms, and cancer. Stem Cells. 2011 Mar;29(3):389-96. 
doi: 10.1002/stem.592.

22. Ali HD, Jalal JA, Ismail AT, Alnuaimy WMT. Stromal CD10 expression in 
invasive breast carcinoma. Zanco J Med Sci. 2018;22(1):41-47. https://doi.
org/10.15218/zjms.2018.006

23. de Leval L, Ferry JA, Falini B, Shipp M, Harris NL. Expression of  bcl-6 and 
CD10 in primary mediastinal large B-cell lymphoma: evidence for derivation 
from germinal center B cells? Am J Surg Pathol. 2001 Oct;25(10):1277-82. 
doi: 10.1097/00000478-200110000-00008.

24. Huang WB, Zhou XJ, Chen JY, Zhang LH, et al. CD10-positive stromal cells 
in gastric carcinoma: correlation with invasion and metastasis. Jpn J Clin 
Oncol. 2005 May;35(5):245-50. doi: 10.1093/jjco/hyi076.

25. Tokuhara T, Adachi M, Hashida H, Ishida H, et al. Neutral endopeptidase/
CD10 and aminopeptidase N/CD13 gene expression as a prognostic 
factor in non-small cell lung cancer. Jpn J Thorac Cardiovasc Surg. 2001 
Aug;49(8):489-96. doi: 10.1007/BF02919543.

26. Makretsov NA, Hayes M, Carter BA, Dabiri S, et al. Stromal CD10 expression 
in invasive breast carcinoma correlates with poor prognosis, estrogen receptor 
negativity, and high grade. Mod Pathol. 2007 Jan;20(1):84-9. doi: 10.1038/
modpathol.3800713.



© 2022 JOURNAL of  MEDICINE and LIFE. VOL: 15 ISSUE: 5 MAY 2022684

JOURNAL of MEDICINE and LIFE

27. Voutsadakis IA, Vlachostergios PJ, Daliani DD, Karasavvidou F, et al. CD10 
is inversely associated with nuclear factor-kappa B and predicts biochemical 
recurrence after radical prostatectomy. Urol Int. 2012;88(2):158-64. doi: 
10.1159/000335299.

28. Amin MB, Edge SB, Greene F, Byrd DR, et al. AJCC cancer staging manual 
(8th edition). Springer International Publishing. 2017.

29. Sravan C, Kanna S, Kuma KM. Expression of  CD10 Marker in Stromal 
Cells of  Gastric Carcinoma: A Prospective Study. Scholars Academic Journal 
of  Biosciences. 2017;5(3):192-199. doi: 10.21276/sajb.2017.5.3.11.

30. Takami H, Sentani K, Matsuda M, Oue N, et al. Cytokeratin expression 
profiling in gastric carcinoma: clinicopathologic significance and comparison 
with tumor-associated molecules. Pathobiology. 2012;79(3):154-61. doi: 
10.1159/000335694.

31. Jafarian AH, Forooshani MK, Takallou L, Roshan NM. CD10 expression in 
gastric carcinoma is correlated with tumor grade and survival. Universa Med. 
2091;38(1): 41–47 (2019).

32. Bassyoni OY, Nasif  SN. Tissue expression of  CD10 and CD15 proteins in 
gastric lesions: correlation with clinicopathological features. Egypt J Pathol. 
2017; 37(2): 321–327.

33. Pan C, Cardarelli PM, Nieder MH, Pickford LB, et al. CD10 is a key enzyme 
involved in the activation of  tumor-activated peptide prodrug CPI-0004Na 
and novel analogues: implications for the design of  novel peptide prodrugs 
for the therapy of  CD10+ tumors. Cancer Res. 2003 Sep 1;63(17):5526-31.


