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Gastric cancer is a common malignancy and remains one of the leading causes of cancer-
related deaths, though its incidence is in decline in most developed countries. One of the
major challenges of treating gastric cancer is tumor heterogeneity, which portends a high
degree of prognostic variance and the necessity for different treatment modalities. Tumor
heterogeneity is at least in part due to divergent differentiation of tumor cells to clones
harboring different molecular alterations. Here we studied the expression of emerging
prognostic markers SOX9, MCL-1, and SPOCK1 (Testican-1) in a cohort of gastric cancer
by immunohistochemistry and investigated how individual biomarkers and their
combinations predict disease prognosis. We found frequent expression of SPOCK1 (in
both nuclei and cytoplasm), MCL-1 and SOX9 in gastric cancer. In univariate analysis,
nuclear SPOCK1 expression and pathologic TNM stage were negative prognostic markers
in this cohort. In multivariate analysis, SOX9 expression stood out as a predictor of poor
prognosis. Further subgroup analysis suggested prognostic value of SOX9 expression in
poorly differentiated gastric adenocarcinoma. MCL-1 showed no prognostic role in this
cohort.
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INTRODUCTION

Gastric cancer is the fifth most common malignancy in the world and remains the third highest cause
of cancer-related mortality after lung and colorectal cancer (1). The incidence of gastric cancer in
young adults is increasing, and cancers in these patients are more aggressive and present at a more
advanced stage (2).

The outcomes of gastric cancer patients depend on tumor resectability (3). Although the
survival in patients after curative resection has improved from 14% in the 1980s to 49% in most
recent series, forty to fifty percent of the gastric cancer patients recured (3,4). Eighty percent of
gastric cancer patients present with unresectable and metastatic disease (4). The discovery of
druggable molecular targets especially HER2/neu and HER2/neu monoclonal antibody therapy
have significantly improved the median overall survival (5), suggesting the benefit of additional
biomarker discovery.
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TABLE 1 | Antibody information.

Antibody Manufacturer Clone Dilution
MCL-1 Cell Signaling D5V5L 1:100
MUC2 Cell Marque MRQ-18 1:300
MUC5AC Dako CLH2 1:50
SOX9 Millipore AB5535 1:200
CD10 Leica 56C6 1:50
SPOCK1 Abcam ab229935 1:500
HER2 Ventana 4B5 Premade
PD-LA1 Dako 22C3 Premade

The variable prognosis and response to treatment are
partially dictated by the heterogeneity of the disease, which
is associated with treatment resistance, non-uniform
therapeutic effects, and clonal evolution of tumor cells (6).
Although gastric cancer can be classified under four major
molecular subtypes: Epstein-Barr virus, microsatellite
instability, genomically stable, and chromosomal instability,
based on predominantly expressed genes (7), the differences
within each group are not negligible (8). Additional
biomarkers or prognostic factors may be needed to further
stratify the tumors in each major molecular subtype (8).

Here we present a study on the expression of emerging
biomarkers SOX9, MCL-1 and SPOCKI in a gastric cancer
tissue microarray (TMA). Their correlation with differentiation
markers, expression of PD-L1 and HER2/neu and prognosis was
also explored.

MATERIALS AND METHODS

Patients

The study included 238 consecutive primary gastric cancer patients
who underwent surgical resection with no preoperative treatment at
the University of Texas MD Anderson Cancer Center between 1987
and 2006. High-density tissue TMA was assembled from selected
regions of archived formalin-fixed paraffin-embedded donor tissue
containing viable tumor and normal tissue elements as described
previouslyf (9). Clinicopathologic parameters collected in this study
include age, race, gender, tumor differentiation (classified as well/
moderately differentiated, poorly differentiated or signet ring cell
carcinoma), pathologic TNM stage of the tumor and survival. The
study was approved by institutional review board (IRB# LABO07-
0592).

Immunohistochemistry

The expression of SOX9, SPOCK1 (Testican-1), MCL-1, MUC2,
MUC5AC, CD10, PD-L1 and HER2/neu was assessed by
immunohistochemical stains (Table 1).

The immunoreactivity was quantified as described (10) using a
weighted histoscore method based on intensity of staining as well as
percentage of cell positivity. Thirty percent of total core number was
scored by two observers (WL and HS) independently. The HER2/neu
immunohistochemical stain was scored based on ASCO and CAP
guidelines (11). PD-L1 was scored based on combined positive score
with a cutoff of 1 or more (12).

Prognostic Biomarkers in Gastric Adenocarcinoma

Cases with incomplete data, including the cases whose
corresponding tissue cores were lost during staining or cases
with no tumor present in corresponding tissue cores, were
excluded. Therefore, different number of cases were scored for
each marker.

Statistical Analysis

Categorical variables were summarized by frequencies and
percentages and compared between groups with Fisher’s exact
tests; continuous variables were summarized using medians and
ranges, and assessed between groups by Wilcoxon rank sum tests or
Kruskal-Wallis rank sum tests. Cox models and Firth penalized Cox
models were used to evaluate the associations between survival
outcome and covariates of interest.

RESULTS

Patient and Tumor Characteristics

The majority of the patients were male Caucasians (59.7%).
The median age at initial diagnosis was 64.1 years (range
28.4-89.6). Patient and tumor characteristics are summarized
in Table 2.

TABLE 2 | Patient and tumor characteristics.

Variable Levels n %
Age <65 124 52.8
>65 111 47.2
all 235 100.0
Race Asian 32 13.4
Black 25 10.5
Caucasian 142 59.7
Hispanic 35 14.7
Other 4 1.7
all 238 100.0
Gender Female 88 37
Male 150 63
all 238 100.0
Tumor differentiation Poorly 85 36.8
Signet ring cell 47 20.4
Well/Moderate 99 42.9
all 231 100.0
T stage T 54 22.7
T2 25 10.5
T3 106 44.5
T4 53 22.3
all 238 100.0
N stage NO 63 28.1
N1 48 21.4
N2 53 23.7
N3 60 26.8
all 224 100
M stage MO 205 86.1
M1 33 13.9
all 238 100.0
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FIGURE 1 | Biomarker expression in gastric cancer (by IHC, x20). SPOCK1 apical (A), cytoplasmic (B) and nuclear (C) expression. SOX9 nuclear expression (D).

Expression of Biomarkers in Gastric Cancer
The expression of SOX9, SPOCK1 (Testican-1), MCL-1 was

assessed by immunohistochemical stains and correlated with
differentiation markers MUC2, MUC5AC, CD10 as well as
prognostic/predictive markers PD-L1 and HER2/neu. As
previously reported, SOX9 showed nuclear stain (13) and
MCL-1 showed cytoplasmic staining (14) (Figure 1). SPOCK1,
however, showed three different patterns including apical
(staining at the apical cell membrane of tumor cells),
cytoplasmic and nuclear staining (Figure 1).

Based on how the scores are distributed, SOX9 expression
was classified as high, moderated and low. MCL-1 and
SPOCKI1 expression was classified as high and low. Among
201 tumors scored for SOX9, 64 (31.8%) showed high
expression, 62 (30.9%) showed moderate expression, and
75 (37.3%) showed low expression; Among 184 tumors
scored for MCL-1, 93 tumors (51%) showed high
expression; Among 144 tumors scored for SPOCKI1, 78
tumors (54%) showed high nuclear expression, 107 tumors

(74%) showed high cytoplasmic expression, and only 2 cases
showed apical membranous expression.

Correlations Between Biomarkers

SOX9 expression was positively correlated with MUC2
expression (p = 0.01) when SOX9 expression was categorized
as low, moderated and high. When median was used, high SOX9
expression was associated with male gender (p = 0.036), negative
PD-L1 (p = 0.034) and high SPOCK1 nuclear expression (p =
0.029). MCL-1 expression was associated with well and
moderately differentiated tumors (p = 0.026) and lower T
stage (p = 0.032). However, no correlation was discovered
with other clinicopathologic parameters and other biomarker
expression using either low, moderated and high expression or
median.

Prognostic Value of Biomarkers
The median survival time was 28.7 (21.8-42.2) months.
Univariate analysis (Table 3) demonstrated that high
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TABLE 3 | Univariate analysis for overall survival.

Prognostic Factor N Events HR 95% ClI P
for HR

Age 231 186 1.00 (0.99, 1.01) 0.837
Race 227 186

Caucasian (ref) 138 118 — — —

Asian 32 23 0.61 (0.39, 0.95) 0.028

Black 25 23 0.79 (0.50, 1.24) 0.309

Hispanic 32 22 0.67 (0.43, 1.07) 0.092
Gender 231 186

Female (ref) 88 70 — — -

Male 143 116 1.05 (0.78, 1.41) 0.745
T stage 231 186

T1 (ref) 53 27 - — —

T2 23 17 1.88 (1.02, 3.45) 0.042

T3 104 95 3.25 (2.11, 5.01) <0.001

T4 51 47 4.09 (2.53, 6.61) <0.001
N stage 217 174

NO (ref) 61 41 — — _

N1 47 36 1.22 (0.77,1.92) 0.396

N2 52 46 2.25 (1.47, 3.45) <0.001

N3 57 51 2.67 (1.76, 4.06) <0.001
M.stage 231 186

MO (ref) 198 154 — _ _

M1 33 32 4.24 (2.83, 6.36) <0.001
Tumor differentiation 225 181

Poor 83 67 - — —

Signet ring 46 41 1.3 (0.88, 1.92) 0.187

Well/Moderate 96 73 0.74 (0.58, 1.04) 0.079
MUC2 194 160 0.99 (0.91, 1.08) 0.894
MUC5AC 195 162 1.03 (0.98, 1.07) 0.253
SOX9 194 160 1.04 (0.98, 1.09) 0.206
MCL-1 Median 180 143

0-39 (ref) 88 71 — - —

40-300 92 72 1.06 (0.76, 1.48) 0.735
SPOCK1 apical 139 17

Low (ref) 128 108 — — —

High 11 9 0.88 (0.44, 1.74) 0.707
SPOCK1 cyto 139 17

Low (ref) 35 25 — — —

High 104 92 1.49 (0.95, 2.32) 0.080
SPOCKT1 nucleus 139 117

Low (ref) 62 50 — — —

High 77 67 1.47 (1.00, 2.16) 0.047

Bold values are "significant P values".

pathologic TNM stage and nuclear SPOCK1 expression were
associated with a worse overall survival, while Asian race was
associated with better prognosis. We also fitted multivariate Cox
models including covariates of race, M stage, tumor
differentiation, SOX9, where these variables had p-values less
than 0.25 in univariate analysis. As tumor stage of T, N and M are
highly correlated, we only included M stage as it had more
complete data. Other biomarkers or covariates with
substantially small number of observations were not included.
Multivariable analysis (Table 4) demonstrated that presence of
metastasis (pM1) and SOX9 expression were predictors of poor
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prognosis, while better tumor differentiation was a predictor of
good prognosis. In subgroup analyses (Table 4), the prognostic
potential of SOX9 expression persisted only in patients with
poorly differentiated tumors. MCL-1 was not associated with
overall survival.

DISCUSSION

This study examined the expression and prognostic potentials
of several emerging gastric cancer biomarkers. We found
SOX9 was frequently expressed in gastric cancer. SOX9 is a
transcription factor belonging to SOX (from Sry-related HMG
box) family which is characterized by the presence of a
conserved HMG DNA-binding domain. In embryogenesis
and adulthood, SOX9 regulates cell fate decisions and stem
cell maintenance including the gastrointestinal tract (15).
SOX9 was found to be overexpressed in a wide range of
human malignancies and its expression correlated with
tumor aggressiveness (16). In human cancer, its target
genes include genes promoting stemness, extracellular
matrix, cell adhesion, cytoskeleton remodeling and invasion
(17). SOX9-positive cells have characteristics of cancer stem
cell. They are capable of self-renewal and differentiation to
both SOX9-positive and SOX9-negative populations (18).
SOX9-positive cells have high proliferation ability and are
involved in  epithelial-mesenchymal transition and
chemotherapy resistance (18,19). Therefore, SOX9 is
considered a cancer stem cell marker. SOX9 is involved in
tumor initiation through Wnt/B-catenin pathway as well as
tumor invasion through activation of TGFb/Smad signaling
(17,18). Co-activation of NOTCH signaling pathway has also
been identified (20). In normal human stomach, SOX9 is
predominantly expressed in the neck/isthmus of the pyloric
region with a small amount expressed in the neck/isthmus of
the corpus (21). In mucosa with intestinal metaplasia, SOX9
expression is located at the base of the mucosa and colocalized
in cells with the highest proliferation (21). SOX9 expression is
significantly increased in Helicobacter pylori-positive gastric
biopsies and its expression is required for bacteria-induced
gastric cancer cell proliferation in a Wnt/B-catenin pathway
dependent manner (19). Similar to our study, a prior study has
also demonstrated SOX9 expression is common in gastric
cancer (22). The correlation of SOX9 expression with tumor
progression is controversial. A few studies suggested that
elevated SOX9 expression was associated with either tumor
aggressiveness or worse patient survival: One small scale study
based on gastric cancer biopsies demonstrated high SOX9
expression was associated with more advanced tumor TNM
stage and lower overall survival and disease-free survival (19);
Another study only found correlation of SOX9 expression
with TNM and clinical stages (23); Two other cohort studies
did not find any significant relationship between altered
expression of SOX9 protein and clinicopathological
parameters including overall survival (24,25). On the
contrary, one study found an inverse correlation between
SOX9 expression and advanced tumor stage, vessel
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TABLE 4 | Multivariate survival analysis.

Variable HR

Multivariate analysis for overall survival in all tumors

Race
Caucasian (ref) —
Asian 0.64
Black 0.91
Hispanic 0.80
M stage
MO (ref) —
M1 4.23
Tumor differentiation
Poorly (ref) —
Signet ring 0.85
Well/Moderate 0.58
SOX9 1.08

Multivariate analysis for overall survival in poorly differentiated carcinoma

Race
Caucasian (ref) —
Asian 0.74
Black 1.06
Hispanic 1.06
M stage
MO (ref) —
M1 5.70
SOX9 1.1

Bold values are "significant P values".

infiltration, nodal metastasis, and EBV infection (22). These
contrasting findings may be attributed to varied roles of SOX9
in tumors of different degree of differentiations, tumor stages,
patient populations, or dose-dependent effects. In this cohort,
SOX9 expression was associated with poor prognosis
especially in poorly differentiated tumors. More frequent
SOX9 expression found in males might be a recapitulation
of its preferential expression in male during the stage of sex
development (26). The association of SOX9 expression with
MUC2 (an intestinal differentiation marker) expression is
consistent with its role in Helicobacter pylori infection and
overrepresentation of intestinal-type histology in Helicobacter
pylori-related gastric cancers (27). The negative association of
SOX9 with PD-L1 suggests gastric cancer with “stem cell
features” might be resistant to PD-LI1-inhibitor-based
immunotherapy.

The study discovered different expression patterns of SPOCK1
and frequent nuclear and cytoplasmic SPOCKI1 expression in
gastric cancer. SPOCKI1 is a matricellular glycoprotein belonging
to a novel Ca(2+)-binding proteoglycan family. Members of this
protein family including SPOCK1 (TESTICAN-1), TESTICAN-
2, TESTICAN-3 and SPARC share a similar N-terminus,
follistatin-like domain, and C-terminus. They are involved in
cell proliferation, adhesion, and migration (28). High tumoral
SPOCKI1 expression has been associated with increased growth,
invasiveness and metastasis in many cancer types (29,30).
Although the regulators of SPOCK1 vary in different cancer
types, its tumor-promoting effects are predominantly through

Prognostic Biomarkers in Gastric Adenocarcinoma

95% Cl for HR p
(0.38, 1.08) 0.097
(0.55, 1.45) 0.711
(0.47, 1.28) 0.361
(2.69, 6.65) <0.001
(0.55, 1.30) 0.458
(0.40, 0.83) 0.003
(1.02, 1.14) 0.011
(0.32, 1.52) 0.426
(0.49, 2.09) 0.875
(0.41, 2.32) 0.895
2.84,11.2) <0.001
1.01, 1.19) 0.033

PI3K/Akt and Wnt/beta-catenin pathways (31). Stromal SPOCK
may be important too because it modifies composition of stromal
collagen and enables growth of pancreatic ductal
adenocarcinoma in response to tumor-generated TGF-beta
(32). The potential importance of SPOCKI in gastric cancer
was first raised in a genome-wide study that found SPOCK1
expression was upregulated 10-fold in gastric cancer (33). The
elevated SPOCKI1 expression has been associated with increased
metastasis and a poor prognosis in patients with gastric cancer
(34). SPOCKI1 facilitates gastric cancer cell invasion and
metastasis in vitro and mechanism appears to involve Slug-
induced epithelial mesenchymal transition (34). In this cohort,
the nuclear SPOCK1 expression correlated with a worse overall
survival in univariate analysis. In addition, SPOCK1 expression
correlated with SOX9 expression. Similar interaction has been
identified in neuroblastoma in which significantly decreased
SPOCK1 RNA levels were detected in SOX9 knockout
neuroblastoma cells (35). These findings suggest potential
interaction between two pathways.

Myeloid leukemia cell differentiation protein 1 (MCL-1) is
an anti-apoptotic member of the BCL2 family proteins (36).
MCL-1’s anti-apoptotic function is fulfilled by sequestering
pro-apoptotic proteins BAK and BAX (37). In addition to
anti-apoptosis, MCL-1 also promotes epithelial-mesenchymal
transition of human cancer cells (38). In gastric cancer, MCL-
1 expression has been correlated with poor prognosis (39) and
resistance to chemotherapy (40). Suppression of MCL-1
produced a significant increase in apoptosis and up to 60%
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decrease in gastric cancer cell growth (41). The expression of
MCL-1 in stomach is regulated by hypoxia-inducible factor 1 alpha
(HNF1-o) in Helicobacter pylori-infected human gastric epithelium
(42) and HMGBI in gastric cancer cells (43). Our study did not
confirm the prognostic value of MCL-1. We did find, however, that
MCL-1 expression was associated with well and moderately
differentiated tumors and lower T stage. These findings are
different from prior studies. Since all the prior studies were
published on Asian populations, the difference might be explained
by different oncogenic etiologies. Alternatively, MCL-1’s activity, but
not quantity, might be upregulated in poorly differentiated or high
stage tumors by post-transcriptional regulation. Since IHC only
measures protein quantity, it would not be able to identify the
correlation between MCL-1 and tumor aggressiveness.

Our study was limited by drawbacks inherent to TMA such as
nonrepresentative tumor sampling and staining artifacts
(especially edge artifact). Further validation in full tissue
sections is warranted.
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