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Abstract. The aim of the present study was to investigate 
the expression of lumican in human gastric cancer and adja-
cent normal gastric tissues, and study its association with 
clinicopathological characteristics and survival rate. By using 
immunohistochemistry, the lumican expression patterns in 
146 cases of gastric cancer with various clinicopathological 
characteristics 55 adjacent normal gastric tissue specimens 
was studied. And the significance of lumican expression 
regarding the biological behavior and survival of patients was 
evaluated. In adjacent normal gastric tissues, lumican was 
expressed weakly in 10.9% (6/55) of samples. By contrast, the 
lumican expression rate was 66.4% (97/146) in gastric cancer 
tissues. Lumican protein expression was closely associated 
with organ metastasis, lymphatic metastasis and histological 
type (P<0.05), but not with the tumor location, size, invasion 
depth or Borrmann type (P>0.05). The median survival time 
in patients with negative, weakly positive and strongly positive 
lumican expression was 46.3, 39.6 and 24.3 months, respec-
tively (χ2=8.492; P=0.014). There was a significant association 
between lumican expression and invasive potential in gastric 
cancer; therefore, lumican may represent an independent prog-
nostic factor.

Introduction

Gastric cancer is one of the most common malignant tumors, 
and the major cause of cancer‑associated mortality world-
wide  (1,2). The World Health Organization (WHO) and 
International Arctic Research Center indicates that the global 
incidence of gastric cancer is 952,000, with 405,000 patients 
in China, accounting for 42.6% of the global incidence (3). 
In China, the majority of patients are diagnosed in advanced 

gastric cancer, 10% patients are the early stage gastric cancer, 
and the 5‑year survival rate is 10‑30% (4). The pathogenesis of 
gastric cancer is a complex multi‑step process resulting from 
the accumulation of multiple genes. As important components 
of the extracellular matrix, proteoglycans are involved in the 
occurrence and invasiveness of cancer. Small leucine‑rich 
proteoglycans (SLRPs) not only regulate the extracellular 
osmotic pressure, but also affects tissue biomechanics (5,6) and 
serves a notable role in tumor growth, proliferation, adhesion, 
migration and the regulation of growth factor activity (7,8). As 
an important member of SLRP, lumican is thought to modify 
the fibrous tissue and induce a tumor‑specific ECM  (9). 
Lumican has its own unique structure and certain special 
functions that can affect tumor occurrence and development, 
processes that remain to be understood (10,11).

To investigate the function of lumican during the occur-
rence and development of gastric cancer, lumican expression 
was assessed by immunohistochemistry in gastric cancer 
tissues, and adjacent normal gastric tissues. The aim of the 
present study was to investigate the lumican expression in 
gastric cancer and its association with biological behavior and 
prognosis.

Materials and methods

Materials. The present study was approved by the Ethics 
committee of Harbin Medical University Cancer Hospital, 
Harbin Medical University (Harbin, China) and informed 
consent was obtained from all patients. The retrospective 
analysis enrolled 146 patients with gastric cancer which were 
confirmed in accordance with pathological evidence, and 
55 adjacent normal gastric tissue specimens obtained. All 
patients were radical correction or enlarged radical correction 
in the Department of Gastrointestinal Surgery, Harbin Medical 
University Cancer Hospital, Harbin Medical University 
(Harbin, China) from June 2010 to December 2010. Of the 
146 patients, 110 patients were male and 36 were female, with 
a mean age of 57.1 years (range 30‑75 years). Selection criteria 
included: i) A pathological diagnosis of adenocarcinoma; ii) no 
pre‑operative radiotherapy or chemotherapy; iii) complete 
clinical data and follow‑up; iv) no other serious organ diseases; 
v) patients had succumbed to the disease as a result of tumor 
recurrence or metastasis; vi) all adjacent normal tissues were 
sourced >5 cm away from the edge of the cancerous tissue.
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Immunohistochemistry. Goat polyclonal lumican antibody 
(cat. no. AF2846; R&D Systems, Inc., Minneapolis, MN, 
USA) diluted to 1:50 were used as the primary antibody. 
The SP‑9003 Immunohistochemistry kit was obtained from 
Origene Technologies, Inc., (Beijing, China). A polyclonal 
antibody against the human lumican protein used for immu-
nohistochemistry was obtained as previously reported (12). 
Immunohistochemical analysis was performed using the 
Histofine Simple Stain PO® Max kit (Nichirei Corporation, 
Tokyo, Japan). The present study used dimethylbenzene 
to wash the slides three times for 5 min to deparaffinize, 
dehydrated slides with sequential concentrations of ethanol 
(100, 90, 80 and 70%, for 3 min each). Endogenous peroxi-
dase activity was blocked by incubation in 0.3% hydrogen 
peroxide in methanol for 30 min at 37˚C. The tissue sections 
(3‑4 µm‑thick) were incubated with the anti‑human lumican 
antibody (cat. no. AF2846; R&D Systems, Inc.) diluted to 
1:100 in PBS containing 1% bovine serum albumin (Institute 
of Hematology, Chinese Academy of Medical Sciences, 
Beijing, China) for 16 h at 4˚C. Bound antibodies were detected 
using Histofine Simple Stain PO® Max reagent using diami-
nobenzidine tetrahydrochloride as the substrate, with sections 
counterstained with 0.0025% Mayer's hematoxylin for 2 min 
in 37˚C. The immunoreactivity of the lumican protein was 
scored on the basis of the intensity of the predominant 
cytoplasmic staining area using the following classification 
system: 0, negative; 1, weakly‑positive; 2, strongly‑positive. 
To examine the associations between lumican expression 
levels and the clinicopathological features or prognostic 
factors, the tumors were divided into two groups according 
to the intensity of staining: Scale 0, negative group; scales 
1 and 2, positive group. All specimens were evaluated by 

two investigators blinded to the clinical information of the 
patients.

Statistical analysis. The χ2 test was used to analyze the 
associations between lumican expression and various prog-
nostic factors. The survival rate was calculated using the 
Kaplan‑Meier method, and the significance of the differences 
in the survival rate was analyzed by the log‑rank test. All 
statistical analyses were performing using SPSS software 
version 17.0 (SPSS, Inc., Chicago, IL, USA). α was set at 0.05, 
and a two‑tailed P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Expression and location of lumican in human gastric 
cancer, and adjacent normal gastric tissues. The expres-
sion of lumican in the adjacent normal tissues of 55 patient 
samples was observed to either be negative or weakly‑posi-
tive, with weakly‑positive expression only observed in 
10.9% (6/55) of the 55 samples (Fig.  1A). In the present 
study, lumican expression was localized to the cytoplasm 
(58.2%, 85/146) and membrane (8.2%, 12/146) of the gastric 
cancer cells (Fig. 1B‑D). Of the 146 gastric cancer tissue 
samples, lumican expression was observed in 66.4% (97/146), 
of which 34.9% (51/146) were weakly‑positive and 31.5% 
(46/146) were strongly‑positive. The rate of positive expres-
sion in organ metastatic and lymphatic metastatic tissues was 
77.8% (28/36) and 76.5% (65/85), respectively (Fig. 2).

Expression of lumican and its association with pathological 
features. According to the WHO 2010 pathological grouping 

Figure 1. Expression of lumican in adjacent normal gastric tissues and gastric cancer tissues (magnification, x400). (A) Expression of lumican in adjacent 
normal gastric tissue. (B) Expression of lumican in gastric adenocarcinoma tissue. (C) Expression of lumican in gastric mucinous adenocarcinoma tissue. 
(D) Expression of lumican in gastric signet‑ring cell carcinoma tissue.
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standard, gastric cancer was divided into adenocarcinoma 
(tubular adenocarcinoma and papillary adenocarcinoma), 
mucinous adenocarcinoma, signet‑ring cell carcinoma, 
mixed carcinoma and others (13). Lumican expression, tissue 
histology and other clinicopathological parameters were 
presented in Table I. Tumors were located in proximal (14), 
middle (17), distal (99), and diffuse (16) areas of stomach. 
A total of 57 tumors exhibited a diameter <5 cm, 12 with 

a diameter >10 cm, and 99 with a diameter of 5‑10 cm. Of 
these patients, 36 cases exhibited organ metastasis, and 110 
did not. A total of 19 tumors had invaded the mucosa, 26 in 
the submucosa, 65 in the muscularis and 34 in the serosa 
of the stomach. Borrmann type was categorized into five 
groups: Borrmann 0, Borrmann I, Borrmann II, Borrmann III 
and Borrmann IV (14). 17 cases were Borrmann 0, 12 cases 
were Borrmann I, 21 cases were Borrmann II, 93 cases were 

Table I. Association between patient characteristics and lumican expression.

	 Lumican, n
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Parameter	 All	 Negative	 Weak	 Strong	 χ2 value	 P‑value

Age, years					     4.290	 0.296
  <40	 11	 7	 2	 2
  40‑60	 73	 23	 27	 23
  >60	 62	 19	 22	 21
Sex					     5.240	 0.073
  Male	 110	 33	 37	 40
  Female	 36	 16	 14	 6
Tumor location					     6.963	 0.324
  Proximal	 14	 6	 3	 5
  Mid	 17	 3	 10	 4
  Distal	 99	 35	 34	 30
  Diffuse	 16	 5	 4	 7
Diameter, cm					     7.857	 0.097
  <5	 57	 16	 27	 14
  5‑10	 77	 29	 19	 29
  >10	 12	 4	 5	 3
Organ metastasis					     7.717	 0.021a

  No	 110	 41	 41	 28
  Yes	 36	 8	 10	 18
Depth					     3.791	 0.705
  Mucosa	 19	 5	 10	 4
  Submucosa	 28	 11	 8	 9
  Muscularis	 65	 21	 23	 21
  Serosa	 34	 12	 10	 12
Borrmann type					     11.290	 0.186
  0	 17	 4	 8	 5
  1	 12	 3	 8	 1
  2	 21	 6	 7	 8
  3	 93	 35	 26	 32
  4	 3	 1	 2	 0
Lymphatic metastasis					     13.736	 0.001a

  No	 61	 29	 22	 10
  Yes	 85	 20	 29	 36
Histological type					     7.696	 0.021a

  Adenocarcinoma	 102	 27	 40	 35
  Mucinous/signet‑ring cell carcinoma	 44	 22	 11	 11

aP<0.05.
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Borrmann III, 3 cases were Borrmann IV. A total of 85 cases 
exhibited lymphatic metastasis, and 61 did not. Pathologically, 
102  patients exhibited adenocarcinoma and 44  patients 
exhibited mucinous carcinoma/signet‑ring cell carcinoma. 
Lumican expression was determined to be significantly 
associated with organ metastasis, lymphatic metastasis and 
histological type (P<0.05), but not with the tumor location, 
size, invasion depth or the Borrmann type (P>0.05).

Lumican expression in gastric cancer and its association with 
long‑term survival rate. For the 146 gastric cancer patient 
samples, in which lumican expression was negative (49 cases), 
weakly‑positive (51 cases) and strongly‑positive (46 cases), 
the median survival time were 46.3, 39.6 and 24.3 months, 
respectively. Kaplan‑Meier survival analysis revealed that 
the difference was statistically significant amongst the three 
groups (χ2=8.492; P=0.014; Fig. 3). There was a negative asso-
ciation between lumican expression and the long‑term survival 
of patients with gastric cancer.

Discussion

The lumican gene is 338 amino acids long and contains 
a recognized 18‑residue signal peptide of 38 kDa  (15‑17), 

which is located at the 12q21.3‑q22 area of the 12th chromo-
some (18,19). Lumican, as an important member of SLRP, 
possesses four functional regions: Region I, contains a signal 
peptide; region II, cysteine‑rich; region  III, a leucine‑rich 
region that contains 10 leucine‑rich repeats; region IV, a 
cysteine‑rich region that combines with an N‑terminal cysteine 
into a disulfide domain (20‑23).

Numerous regulatory factors affect the abnormal expres-
sion of lumican, with various tumors having differing 
degrees of lumican expression  (24‑26). A non‑sulfuric or 
poorly‑sulfuric polylactosamine chain has been observed 
to be attached to lumican in certain pancreatic cancer cell 
lines (27). Lumican in cancer cells has a polylactosamine 
chain; these glycosylated lumican proteins promote the 
proliferation of cancer cells (28). In breast cancer, lumican 
expression in cancer cells and acrotenic fibroblasts has been 
observed to be high  (29). Lumican expression is closely 
associated with the degree of tumor cell differentiation, 
cancer estrogen receptor levels and patient age (30). In the 
present study, it was observed that, in adjacent normal gastric 
tissues, the expression of lumican was negative or weakly 
positive and the majority of positive expression was focal or 
diffuse, localized in the cytoplasm or at the membrane. In the 
gastric glands, which are formed primarily of mature cells, 
the expression of lumican protein was usually negative, and 
suggesting that the expression of lumican was weak or nega-
tive in differentiated non‑proliferating cells.

In the 146 gastric cancer samples analyzed in the present 
study, the majority expressed lumican (66.4%, 97/146), 
with that expression concentrated in the cytoplasm or at the 
membrane. The differential expression of lumican may be 
associated with damage to normal interstitial tissue and the 
reconstruction of the tumor stroma in the process of invasion. 
In colorectal cancer tissues, lumican was diffusely localized 
in the cytoplasm of the cancer cells and its expression was 
detected in 99 of the 158 cases (62.7%) of a previous study (31). 
During the development of the tumor, lumican promotes the 
rebuilding of tumor stroma by participating in the biochemical 
synthesis and degradation of the extracellular matrix (32).

The expression of lumican in patients with organ and 
lymphatic metastatic tissues was 77.8 (28/36) and 76.5% 
(65/85), respectively. The expression of lumican in patients 
without organ metastatic and lymphatic metastatic tissues 
was 62.7 (69/110) and 52.5% (32/61), respectively. It was 
observed that the expression of lumican in the patients with 

Figure 2. Expression of lumican in gastric cancer metastatic tissues (magnification, x400). (A) Expression of lumican in gastric cancer lymphatic metastatic 
tissue. (B) Expression of lumican in gastric cancer hepatic metastatic tissue. (C) Expression of lumican in gastric cancer greater omentum metastasis.

Figure 3. Association between survival rate and lumican expression. 
‑, Negative lumican expression; w, weakly‑positive lumican expression; 
+, strongly‑positive lumican expression.
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gastric cancer with organ or lymphatic metastasis were 
higher compared with those without lymphatic or organ 
metastasis (77.8 vs. 62.7; 76.5 vs. 52.5%). These data indicate 
that lumican expression may be associated with the inva-
sion and metastasis of gastric cancer. As lumican has more 
non‑sulfated or poorly‑sulfated polylactosamine side‑chains 
than highly‑sulfated keratan sulfate side chains, positive 
expression in colorectal and pancreatic cancer exhibits more 
invasive and metastatic characteristics  (33,34). Lumican 
expression was stronger in adenocarcinoma, compared with 
in mucinous adenocarcinoma or signet‑ring cell carcinoma. 
No incidences of strongly‑positive lumican expression were 
identified in mucinous adenocarcinoma or signet‑ring cell 
carcinoma. Co‑adjustment cannot be achieved between 
lumican and fibroblasts via transforming growth factor‑β and 
mothers against decapentaplegic homolog protein signaling, 
due to a lack of tumor stromal tissues (35,36).

Statistical analysis of patient survival indicated that there 
is a significant negative association between high lumican 
expression levels and the long‑term survival rate. The stronger 
the expression of lumican, the poorer the prognosis of the 
patient. The results of the present study suggested that lumican 
could be used as a sensitive, independent molecular target to 
judge the prognosis of patients with gastric cancer, but its 
expression and regulatory mechanism necessitates further 
investigation.

In summary, there was a significant association between 
the expression of lumican and the invasive potential of gastric 
cancer; thus, lumican could serve as an independent prognostic 
factor.
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