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Abstract

Background: The aim is to investigate whether secreted protein acidic and
rich in cysteine (SPARC) expression could be considered as an independent
prognostic factor in pancreatic ductal adenocarcinoma (PDAC). Methods:
The expression of SPARC in the tumor species was detected by immunoche-
mistry and the effect of SPARC on the prognosis was analyzed by Kap-
lan-Meier and Cox proportional hazard models. Results: Positive SPARC ex-
pressions recognized in tumor and stroma were 31.33% and 64.66% respec-
tively. The expression of SPARC in stroma was closely correlated with diffe-
rentiation, vascular invasion and was an indicator for predicting poor out-
come after surgery in Kaplan-Meier analysis. Univariate analysis and multiva-
riate analysis showed the following factors to be significant: perineural inva-
sion (HR = 2.098, 95% CI: 1.144 - 3.847) and stroma positive expression of
SPARC (HR = 2.120, 95% CI: 1.307 - 3.440). Conclusions: High expression of
SPARC in stroma was a promising pathological marker to predict the poor
outcome in patients with pancreatic ductal adenocarcinoma.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of the leader causes of can-
cer-related mortality in the world [1]. At the moment of diagnosis, most patients
presented with locally advanced or metastatic status and were not considered as
surgical candidate. Even for patients who were candidates for potentially cura-
tive resection, 5-year survival is poor, reported to be of 15% to 25% [2]. Al-
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though the advancement in radiologic imaging, surgical treatment and novel
drugs for adjuvant therapies have contributed to the outcomes improvement for
those patients, significant progress hasn’t been demonstrated.

It is crucial to detect the accurate staging and find the novel clinically useful
prognostic factors for improving the prognosis. Some clinic parameters have
been clearly considered as prognostic factors such as tumor size, degree of his-
tological differentiation and resection margin status [3]. But all of the above de-
tections were post-surgery and could not be used as predictive factor preopera-
tion.

Genomic alteration and the epigenetic changes have been validated involved
in the development of tumor. It is well known that these changes are considered
as an early event during the carcinogenesis and can predict the occurrence of
tumor. The secreted protein acidic and rich in cysteine (SPARC), is a calcium
binding glycoprotein that shows a high degree of interspecies sequence conser-
vation and plays an important role in various cellular progression including tis-
sue remodeling, wound repair, morphogenesis, cellular differentiation, cell pro-
liferation, cell migration, and angiogenesis [4] [5] [6]. The expression pattern of
SPARC is various in different types of tumors. It highly expresses in some hu-
man carcinomas and promotes the malignant biologic character; while it is down
regulated in other types and the low expression is associated with poor prognosis
[7] [8] [9] [10] [11]. Notable, in some types of tumor characterize with strong
desmoplastic reaction, SPARC is predominantly located in the interface of be-
tween the stroma and the tumor cells, which indicates that SPARC may take part
in the carcinogenesis [8] [12] [13]. A study has been revealed that treating hu-
man ovarian cancer cells with exogenous SPARC could inhibit cell proliferation
and induce apoptosis [14]. In addition, in xenograft tumor model in nude mice,
forced expression of SPARC in ovarian cancer cells could reduce tumor cells
tumorigenicity, implying that SPARC has a tumor-suppressor function. Fur-
thermore, SPARC could improve the potential of invasive in prostate and breast
cancer cells in vitro [15] and promote invasion of glioma in vivo [16]. Several
studies have found that it could be considered as an independent prognostic
factor in pancreatic carcinoma [17] [18].

The aim of this retrospective study was to delineate the clinicopathologic pa-
rameter and expression pattern of SPARC and the association between them in

the patients diagnosed with pancreatic ductal adenocarcinoma.

2. Materials and Methods

Demographic features of 150 patients with PDAC

From the PDAC registration of the Department of General Surgery, Affiliated
Hospital of Jiangsu University, PDAC patients recruited for the current study
undergoing radical surgery between 2005 and 2015 were based on the availability
of pathological samples for slides. Negative margin of the resection detected by

microscopy was defined as curative resection. Surgical mortality defined as death of
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patients within the first month was excluded the survival analysis. The tumors were
staged according to the International Union Against Cancer tumor-node-metastasis
(TNM) classification, 7th edition. The protocol of this study was reviewed and
approved by the institutional ethics committee. Informed consent was obtained
for every specimen examined.

Immunohistochemical study of SPARC

Slides stained with hematoxylin/eosin from each patient were reviewed. Spe-
cimens from all PDAC patients had been fixed in formalin and embedded in pa-
raffin. Formalin-fixed paraffin-embedded tissue sections (5 pum thick) were
stained using the immunoperoxidase method with avidin-biotin complex as de-
scribed previously [19]. The primary antibody against SPARC (life science,
H95031M) at 1:500 dilutions incubated with slides overnight at 4°C. The slides
were washed thrice in Tris-buffered saline supplement with Tween-20 for 5 min
each before visualization with the Envision Plus Detection Kit (DAKO, Carpin-
teria, CA) followed the manufacturer’s protocol. The absence of nonspecific
staining was confirmed by the control staining omitting the primary antibody.
After washing thrice in Tris-buffered saline supplement with Tween-20 for 5
min each, the slides were mounted. Nuclei were counterstained with hematox-
ylin. Immunohistochemical results were judged by three pathologists who were
unaware of the clinical data.

SPARC immunostaining was stratified as previous described [20]: tumor neg-
ative/stroma negative, tumor positive/stroma negative, tumor negative/stroma
positive, and tumor positive/stroma positive. The staining results were judged by
German semiquantitatives scoring system which considers both the stain inten-
sity and the area extent and the definition of low and high expression as previous
described [21].

Statistical analysis

Statistical analysis of correlation between the SPARC expression and the clinic
parameter was performed using x’ test. The overall survival (OS) was estimated
using Kaplan-Meier method. A univariable analysis of the clinicopathological
variables was performed using the log-rank test. A multivariate regression was
performed using the Cox proportional hazards model. All analyses were per-
formed using the statistical software SPSS (version 16.0 for windows; SPSS Inc.,
Chicago, IL, USA). All p value derived from two-tailed test and p < 0.05 was

considered statistically significant.

3. Results

SPARC staining of human PDAC specimens in relation to clinic parame-
ter features

In the IHC analysis, we can see the main staining of SPARC was located in the
stroma and weak in tumor cells as previous results [20]. In stroma, SPARC ex-
pression was mostly obviously seen in the cytoplasm of peritumoral fibroblasts

while the staining was weak or even absent in the stroma distant from the cancer
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cells. The extracellular matrix and other inflammatory cells did not show the ex-
pression of SPARC. Within total 150 subjects, 30 (20%) cases were classified as

tumor negative/stroma negative, 23 (15.3%) cases as tumor positive/stroma neg-

ative, 73 (48.7%) cases as tumor negative/stroma positive and 24 (16%) cases as

tumor positive/stroma positive (Figure 1). Parameters association was com-
pared for all the 150 patients according to their stromal SPARC status (Table 1).
SPARC positive expression was significantly related with vascular invasion, dif-

ferentiated status (p < 0.05) while irrespective of sex, age, perineural invasion,

lymph nodal invasion (p > 0.05).

Table 1. Association between SPARC expression and clinicopathological characteristics
of patients with PDAC (n = 150).

Characteristic

Male

Female

<60

=60

head and neck

body and tail

Well
Moderately

Poorly

I+1I

I+ 1v

Absent

Present

Absent

Present

Absent

Present

No. of
Patients

86

64

72

78

111

39

96

49

89

61

38

112

133

17

90

60

SPARC expression (stroma)

X test
negative positive
Sex
31 55
P=0.832
22 42
Age (years)
28 44
P=0.381
25 53
Tumor position
40 71
P=10.761
13 26
Differentiation
5 0
33 63 P=0.008*
15 34
TNM stage
32 57
P=0.847
21 40
perineural invasion
15 23
P=0.537
38 74
Vascular invasion
52 81
P=0.006*
1 16
LN metastasis
32 58
P=0.994
21 39

TNM, tumor-node-metastasis. LN: lymph node *P < 0.05.
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Figure 1. The expression of SPARC detected by immunohistochemistry
in pancreatic ductal adenocarcinomas samples. (a) SPARC expression:
cancer negative, stromal expression negative; (b) SPARC expression:
cancer positive, stromal expression negative; (c) SPARC expression:
cancer negative, stromal expression positive; and (d) SPARC expression:
cancer positive, stromal expression positive.

Analyses for survival and prognosis for PDAC patients with SPARC

A total of 111 PDAC patients who had undergone radical surgery were
enrolled in the survival analysis. The patients (62 men and 49 women) with a
median age of 60.99 years were followed-up until death after surgery. The OS
rates at 3 years were 24.3% (27/111).

Kaplan-Meier test identified the following factors as adverse influences on the
OS rate of 111 PDAC patients who had undergone radical surgery: perineural
invasion (p = 0.009), TNM stage (p = 0.04), lymph node metastasis (p = 0.001)
and SPARC expression stromal positive (p = 0.001). In contrast, SPARC expres-
sion within the malignant epithelial cells was not significantly associated with
prognosis (log-rank p = 0.224, Figure 2).

The univariate Cox proportional hazards regression shown that differentia-
tion, TNM stage, perineural invasion, LN metastasis and positive stromal
SPARC expression were considered as independent of tumor SPARC staining
(Table 2). Meanwhile, multivariate Cox proportional hazard analysis demon-
strated that positive stromal SPARC expression (HR = 2.120, 95% CI: 1.307 -
3.440, p = 0.002) and perineural invasion (HR = 2.098, 95% CI: 1.144 - 3.847, p=
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0.017) independently predicted an adverse OS rate for PDAC patients after rad-
ical surgery (Table 3, Figure 3(a) and Figure 3(b)).

1.0 4
0.8
p=0.011
<
=
% 0.6 -
o
2
= t
g 044 +h
&
" ‘ tumor(+)/stroma(-) /23
0.2 4 ____tumor(-)/stroma(-)/30
tumor(-)/stroma(+)/73
0 tumor(+)/stroma(+) /24
T 1 | 1 1 1
0 12 24 36 48 60

postoperation time(month)

Figure 2. Kaplan-Meier survival curves stratified by tumor and
stromal SPARC status of patients with pancreatic ductal
adenocarcinoma after pancreaticoduodenectomy.

Table 2. Univariate analysis of prognostic factors for overall survival (n = 111).

variable SE HR 95.0% CI P
Gender (male vs female) 0.220 1.075 0.699 - 1.653 0.742
Age (<60 vs>60) 0.010 1.005 0.985 - 1.025 0.639
Tumor site (head vsbody and tail) 0.273 0.650 0.381 - 1.109 0.114

Differentiation (well, moderate and poor) 0.199 1.482 1.002 - 2.191 0.049

T stage (1, 2, 3) 0.170 1.035 0.742 - 1.443 0.838

TNM stage (I, II, III) 0.162 1.561 1.137-2.144  0.006
Perinerual invasion (present vs absent) 0.307 2.14 1.172 - 3.908 0.013
Vascular invasion (present vs absent) 0.357 1.425 0.708 - 2.867 0.321
LN metastasis (present vs absent) 0.221 2.106 1.365 - 3.251 0.001
Tumor SPARC (positive vs negative) 0.246 0.758 0.469 - 1.227 0.260
Stroma SPARC (positive vs negative) 0.245 2.151  1.330-3.477  0.002

Table 3. Multivariate analysis of prognostic factors for overall survival (n = 111).

Variable SE HR 95.0% CI P
Differentiation (well, moderate and poor) 0.202 1.156 0.778 - 1.717 0.473
TNM stage (I, I, IIT) 0.338 1.219 0.629 - 2.362 0.558
Perineural invasion (present vs absent) 0.316 2.180 1.174 - 4.049  0.014
LN metastasis (present vsabsent) 0.5 1.605 0.603 - 4.275 0.344
Stroma SPARC (positive vs negative) 0.258 2.119 1.279 - 3.511  0.004
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Figure 3. Comparison of Os rate of 111 PDAC patients who
had undergone radical surgery in relation to (a) SPARC
expression in stroma and (b) perineural invasion result.
Abbreviations: OS, overall survival; PDAC,pancreatic ductla
adenocarcinoma; SPARC, secreted protein acidic and rich in
cysteine.

4. Discussion

In the present study, we demonstrated that the positive SPARC expression in
pancreatic ductal adenocarcinoma mainly located in stroma while compared
with the tumor cells, and were 64.66% (97/150) and 31.3% (47/150), respectively.
The high SPARC expression in stroma was associated with vascular invasion and
differentiation in PDAC. Infante ef al reported this association in PDAC in the
head of pancreases under Whipple procedure [20]. Previous research approves
that through mediating MMPs activity, SPARC could enhance the invasive abil-
ity of prostate and breast cancer cells [22] [23]. Also in MCF7 breast cancer cells,
increased motility and invasion induced by transfecting with c-Jun pro-
to-oncogene could inhibit by the suppression of SPARC expression [24]. Shi et
al. demonstrates that in glioma, SPARC delays tumor growth but promotes in-
vasion in vivo [25]. It also finds that SPARC endows the ability of mediate

growth factors involved in angiogenesis, such as platelet-derived growth factor
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(PDGF), fibroblast growth factor (FGF)-2, and vascular endothelial growth fac-
tor (VEGF) [26].

In the survival analysis, we demonstrated that high SPARC expression in the
stroma is associated with poor prognosis in primary PDAC samples while the
status in tumor cells was not. No matter the SPARC expression status in the tu-
mor cells, the positive status in stroma was associated with the worst prognosis;
notwithstanding median survival was both of 11 months. Meanwhile, the me-
dian survival time in tumor (+)/stroma (—) was slightly shorter than tumor
(=)/stroma (-) although there was no statistic significance. The results consisted
with previous research, but the underlying mechanism is unknown. Some stu-
dies show that transplanted tumors grow faster in xenograft tumor model in
SPARC™™ mice [27] and the growth of pancreatic cancer cells is suppressed by
exogenous SPARC protein in vitro [28]. These results suggest that a SPARC ori-
ginated from peritumoral fibroblasts may play a role in inhibiting the growth of
pancreatic cancer cells in vivo, in which SPARC expression losing frequently
dues to the promoter methylation. In breast cancer, in cases with strong SPARC
stromal staining, there is a trend towards increased disease-specific survival [29].

In the immunohistochemical analysis, high SPARC expression in stroma cor-
related with poor prognosis. Moreover, based on the multivariate analysis of OS,
stroma high SPARC expression translated into an independently unfavorable
prognostic factor. The involvement of SPARC in tumorigenesis of pancreatic
cancer has been mentioned in several previous investigations. Early studies
demonstrated that SPARC is a frequent target for aberrant methylation in pan-
creatic cancer [28] and exogenous SPARC protein has growth-suppressive activ-
ity on pancreatic cancer cells [30]. Pancreatic tumors grown orthotopically in
Sparc-null (Sparc”") mice are more metastatic than tumors grown inwild-type
(Sparc*’*) littermates [31]. Some other studies found that the expression of
SPARC by peritumoral fibroblasts portends a poorer prognosis for patients with
pancreatic cancer [28]. Therefore, it suspects that SPARC may be a protective
mechanism and acts as an indicator of invasive disease. Some reports have also
revealed that high SPARC expression is related to poor prognosis in the follow-
ing cancers: melanoma, gliomas [6] [16] [22]. The results of the present study
were in agreement with these previous reports. Therefore, SPARC was expected
to serve as a prognostic-predictive marker of PDAC.

We demonstrated that SPARC were over expressed in a large proportion of
PADC tissues in stroma. In addition, high expressions of SPARC were correlated
with the disease progression and poor clinical outcome of PDAC. Furthermore,
SPARC was proved to be an independent prognostic factor for overall survival in
patients with PDAC. Therefore, targeted inhibition of SPARC might be a new
strategy for therapy of PDAC. Certainly, further strong supports from basic in-

vestigations are still needed.
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