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Abstract: Secreted Frizzled-Related Protein 4 (SFRP4), a member of secreted frizzled-related protein family, has 
been found as a vital modulator in cell proliferation, cell self-renew and apoptosis through Wnt signaling transduc-
tion pathway. In the present study, we re-analyzed the expression pattern of SFRPs in Gene Expression Omnibus 
(GEO) datasets and evaluated the expression of SFRP4 at protein level in both KrasG12D/+; Trp53R172H/+; Pdx1-Cre; 
(KPC) mice and human pancreatic ductal adenocarcinoma (PDAC) tissue. We found that the expression of SFRP4 in-
creased gradually in PanINs and PDAC lesions in KPC mice and high expression of SFRP4 was much more common 
in tumor lesions compared to the adjacent non-tumor tissues. Then we performed Kaplan-Meier survival and Cox 
regression analysis and found that high expression of SFRP4 in the serum and tumor lesions predicted poor prog-
nosis for pancreatic cancer patients. Furthermore, we demonstrated that SFRP4 positively correlated with FOXP3+ 
Treg cells infiltration while the down-regulation of SFRP4 in tumor cells impaired the production of cytokines and 
the recruitments of T cells. This study suggested that SFRP4 can be a novel prognostic biomarker and potential 
therapeutic target for pancreatic cancer.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) is 
considered to be one of the most lethal disease 
and predicted to become the second common 
cause of cancer-related mortality by 2030 [1]. 
The 5-year survival rate remains at 6% in USA 
and patients diagnosed with PDAC own mortal-
ity that closely equals incidence [2, 3]. Surgery 
seems to be the only cure for PDAC, but only 
approximately 10-20% of patients are resect-
able at the time of diagnosis [4]. Since the late 
diagnosis and treatment resistance, novel bio-
logical markers which can accurately predict 
the patient prognosis are urgently needed. 

PDAC is characterized by gene alteration in 
core signaling pathways, among which the Wnt 
pathway acts as a key determinant of tumor 
fate within the pancreas [5, 6]. Generally, Wnt 
family performs specific function via the tran-
scriptional co-activator β-catenin transmitting 
from cytoplasm into nuclear and regulates em- 
bryonic development and adult homeostasis 

which is called canonical Wnt signaling pathway 
or β-catenin dependent pathway [7, 8]. A family 
of five secreted frizzled-related glycoproteins 
(SFRP1-5) have been identified as antagonist of 
Wnt signaling by directly binding both Wnt pro-
teins and frizzled receptors [9]. Given the onco-
genic potential of abnormal activated Wnt sig-
naling, SFRPs have been postulated to act as 
tumour suppressor genes. 

Recently, growing evidence suggests a contro-
versial role of SFRPs. For instance, low expres-
sion of SFRP2 was found in gastric cancer, 
colorectal cancer and oral squamous cell carci-
noma suggesting a tumor suppressor role in 
those tumors [10-12], while high expression of 
SFRP2 was reported in renal cancer, angiosar-
coma, breast cancer and osteosarcoma asso- 
ciated with oncogenic functions [13-16]. Ov- 
erexpression of SFRP4 associated with de- 
creased tumor growth as well as invasion [17] 
and predict good prognosis  in prostate cancer 
[18]. Low expression of SFRP4 in mesothelioma 
promote cell growth and inhibit apoptosis [19], 
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And SFRP4 demonstrate a chemo-sensitization 
effect in cancer stem cells [20]. However, 
Sandsmark, Elise and colleges reported that 
SFRP4 expression is increased in aggressive 
prostate cancer and predict tumor recurrence 
[21].

In this study, we re-analyzed the expression 
pattern of SFRPs in published data and recog-

cell infiltration and poor prognosis in PDAC 
patients. 

Materials and methods

Ethics statement

This study was approved by the Ethics Co- 
mmittee of Ren Ji Hospital, School of Medicine, 

Table 1. Correlations of SFRP4 with clinical characteristics in PDAC patients

Characteristics
SFRP4 Expression FOXP3 Infiltration

Total
(n=205)

High
(n=116)

Low
(n=89)

P value
(χ2 test)

High
(n=105)

Low
(n=100)

P value
(χ2 test)

Age (years) 0.802 0.848
    <65 97 54 43 49 48
    ≥65 108 62 46 56 52
Gender 0.426 0.586
    Male 117 69 48 58 59
    Female 88 47 41 47 41
Tumor location 0.979 0.925
    Head 138 78 60 71 67
    Body/tail 67 38 29 34 33
Size 0.594 0.629
    ≤3 cm 27 14 13 15 12
    >3 cm 178 102 76 90 88
Tumor differentiation 0.267 0.007
    Well 11 8 3 10 1
    Moderate/poor 194 108 86 95 99
T classification 0.017 0.026
    T1/2 30 11 19 21 9
    T3/4 175 105 70 84 91
N classification 0.336 0.361
    Absent 133 72 61 65 68
    Present 72 44 28 40 32
AJCC stage 0.546 0.837
    Stage I/II 169 94 75 86 83
    Stage III/IV 36 22 14 19 17
Liver metastasis 0.246 0.311
    Absent 191 106 85 96 95
    Present 14 10 4 9 5
Vascular invasion 0.473 0.114
    Absent 178 99 79 95 83
    Present 27 17 10 10 17
Neural invasion 0.577 0.843
    Absent 106 58 48 55 51
    Present 99 58 41 50 49
AJCC staging is according to the 7th edition of the American Joint Committee on Cancer (AJCC) 
staging system. The bold number represents the p-values with significant differences. P value was 
calculated by χ2 test or Fisher’s exact test. 

nized SFRP2 and 
SFRP4 as potent- 
ial oncogenes and 
focus on the role 
of SFRP4 in PDAC. 
Then, we confirm- 
ed the over-expre- 
ssion of SFRP4 at 
both mRNA and 
protein level and 
extended the ass- 
ociation between 
SFRP4 expression 
and clinical para- 
meters, including 
overall survival. Fr- 
om The Cancer Ge- 
nome Atlas (TCGA) 
Database, we fou- 
nd that high expr- 
ession of SFRP4 
was strongly corr- 
elated with imm- 
une response es- 
pecially the che-
motaxis and T cell 
differentiation. To 
confirm this result, 
we analyzed the 
relationship betw- 
een SFRP4 expre- 
ssion and infiltra-
tion of FOXP3+ Re- 
gulatory T-cells (Tr- 
eg cells) and test-
ed the influence of 
SFRP4 on the pro-
duction of cytoki- 
nes and recruitm- 
ent of T cells. Ba- 
sed on our data, 
we proposed that 
the over-expressi- 
on of SFRP4 co- 
rrelated with Treg 
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Shanghai Jiao Tong University. And all patients 
involved in this study provided written informed 
consent.

Clinical tissue sample 

Human PDAC tissue microarrays contained 
205 paired cases of tumor and matched adja-
cent tissue and all the specimens were obtained 
from the patients diagnosed with PDAC 
between January 2002 and June 2014 consec-
utively from Ren Ji Hospital, School of Medicine, 
Shanghai Jiao Tong University, China. There 
were 117 males and 88 females, aging from 38 
to 90 years with a median age of 65 years. 
Clinicopathologic characteristics of patients 
were available in Table 1. The histology and 
clinical classification were accordance to the 
seventh edition of the American Joint Co- 
mmittee on Cancer (AJCC) staging system. 
None of follow-up cases had received radio-
therapy, chemotherapy, hormone therapy or 
other related anti-tumor therapy before sur-
gery. The serum samples were from another 
cohort of 31 patients diagnosed with PDAC and 
5 healthy donors. Serum samples, freshly fro-
zen PDAC tissues and matched adjacent tis-
sues were also obtained from Ren Ji Hospital, 
School of Medicine, Shanghai Jiao Tong 
University, China. After surgery, all of the 
patients had received a regular follow-up with 
physical, blood and CT-radiography examina-
tions every 2 months during the first 6 months 
and then every 3 months. Vital status was 
obtained prospectively from the medical 
records and regular contact with patients. The 
follow-up time was calculated from the date of 
surgery to death, or June 19, 2016. The median 
follow-up was 30.3 months, with a range from 0 
to 169.8 months. All patients provided written 
informed consent and all the experiments were 
approved by the Hospital Research Ethics 
Committees of Ren Ji Hospital, School of 
Medicine, Shanghai Jiao Tong University. All 
methods were carried out in accordance with 
appropriate guidelines while all the experimen-
tal protocols were approved by School of 
Medicine, Shanghai Jiao Tong University.

Transgenic animal model

KPC mice were purchased from The Jackson 
Laboratory (Bar Harbor, ME). All animal experi-
ments were undertaken in accordance with the 
National Institutes of Health Guide for the care 

and Use of Laboratory Animals. All manipula-
tions were performed under approved protocol 
number 20141204 assigned by the Research 
Ethics Committee of East China Normal Un- 
iversity. The tumor tissue samples were from 6 
KPC mice in this study.

Immunohistochemical staining

KPC mice were euthanized at different stage 
according to previous study and the tumor was 
dissected and fixed in paraffin [22, 23]. The 
stages of PanINs and PDAC in KPC mice were 
evaluated in H&E staining slides by experienced 
pathologists. The tissue microarray sections 
were rehydrated and treated with 3% hydrogen 
peroxide, followed by antigen retrieval. After 
being blocked with 10% normal goat serum for 
30 min, the sections were incubated with pri-
mary antibodies at 4°C overnight, followed by 
incubation with a peroxidase-labeled second-
ary antibody for 30 min at room temperature. 
Finally, diaminobenzidine tetrahydrochloride 
(DAB; Maixin Biotech, China) was used for the 
color-reaction followed by nucleus counter-
staining with hematoxylin. The following anti-
bodies were used: rabbit anti-SFRP4 polyclonal 
antibody (15328-1-AP, ProteinTech), and rabbit 
anti-FOXP3 polyclonal antibody (22228-1-AP, 
ProteinTech). Scoring of SFRP4 expression was 
conducted according to the percentage of posi-
tive cell: 0-5% scored 0; 6%-35% scored 1; 
36%-70% scored 2; more than 70% scored 3 
and staining intensity: no staining scored 0; 
weakly staining scored 1; moderately staining 
scored 2 and strongly staining scored 3, respec-
tively. Recent study reported that SFRP4 is 
present in both α and β cells and is released 
from islets during the course of type 2 diabetes 
[24]. Based on the fact that PDAC is associated 
with dysfunction of islets, some of the islets in 
the adjacent non-tumor tissue are supposed to 
express SFRP4 and the staining positive islets 
are used as inner positive control. The staining 
score of 3 was evaluated according to the 
strongest staining of islets tissue and PDAC tis-
sue. The final score was designated as low or 
high expression group using the percentage of 
positive cell score multiplied by the staining 
intensity score: “-” for a score of 0-1, “+” for a 
score of 2-3, “++” for a score of 4-6 and “+++” 
for a score of >6; low expression was defined 
as a total score <4 while high expression with a 
total score ≥4. The antibody of SFRP4 and 
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FOXP3 were from ProteinTech (Chicago, Illinois, 
USA). The density of FOXP3+ Tregs was mea-
sured in four high power field from each tumor 
in TMA by experienced pathologist and the 
average density was calculated. Low infiltration 
of Tregs was defined as less than 5 FOXP3+ 
lymphocytes in a high power field. The scoring 
was done in a blinded manner by two experi-
enced pathologists.

Real-time quantitative PCR

Total RNA from tumor and non-tumor adjacent 
tissue was extracted using Trizol reagent 
(Takara, Japan), and reversely transcribed 
using a PrimeScript RT-PCR Kit (Takara, Japan) 
according to the manufacturer’s instructions. 
Quantitative real-time PCR was performed 
using a 7500 Real-time PCR system (Appiled 

anti-lamin A/C (1:1000), followed by species-
specific secondary antibodies (1:10000). After 
incubating with the secondary antibodies for 
60 mins, the bands were detected using the 
Odyssey imaging system (LI-COR, Lincoln, NE, 
USA).

TCGA and GEO sample acquisition and analy-
sis

The reference series used in this study were 
GSE15471 and GSE28735 downloaded from 
the Gene Expression Omnibus (GEO) [25, 26]. 
The project of TCGA-PAAD was downloaded 
from GDC Data Portal (https://gdc-portal.nci.
nih.gov/). 

Gene set enrichment analysis (GSEA) was per-
formed to gain an insight into the biological pro-

Table 2. Univariate and multivariate analyses of prognosis factors for survival in PDAC patients

Prognostic parameter
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
SFRP4 (low vs. high) 1.559 1.124-2.163 0.008 1.422 1.018-1.986 0.039
Age (<65 vs. ≥65) 1.348 0.977-1.859 0.069
Gender (male vs. female) 0.881 0.637-1.219 0.445
Tumor location (head vs. body/tail) 1.046 0.746-1.466 0.795
Size (≤2 cm vs. >2 cm) 1.551 0.957-2.514 0.075
Tumor differentiation (well vs. moderate/poor) 1.362 0.636-2.917 0.426
T classification (T3/T4 vs. T1/T2) 2.098 1.244-3.538 0.005 1.668 0.969-2.869 0.065
AJCC stage (III/IV vs. I/II) 1.645 1.075-2.517 0.022 1.250 0.712-2.194 0.437
N classification (present vs. absent) 1.761 1.264-2.454 0.001 1.596 1.136-2.244 0.007
Liver metastasis (present vs. absent) 2.393 1.316-4.353 0.004 1.566 0.710-3.454 0.266
Vascular invasion (present vs. absent) 1.381 0.861-2.214 0.181
Neural invasion (present vs. absent) 0.924 0.672-1.271 0.629
HR: Hazard ratio; CI: confidence interval. The bold number represents the p-values with significant difference.

Table 3. The primer sequence of target genes
Gene name Primer sequence (5’→3’)
SFRP4 Forward 5’-CCTGGAACATCACGCGGAT-3’

Reverse 5’-CGGCTTGATAGGGTCGTGC-3’
CCL4 Forward 5’-CTGTGCTGATCCCAGTGAATC-3’

Reverse 5’-TCAGTTCAGTTCCAGGTCATACA-3’
CCL5 Forward 5’-CCAGCAGTCGTCTTTGTCAC-3’

Reverse 5’-CTCTGGGTTGGCACACACTT-3’
CXCL9 Forward 5’-CCAGTAGTGAGAAAGGGTCGC-3’

Reverse 5’-AGGGCTTGGGGCAAATTGTT-3’
CXCL10 Forward 5’-GTGGCATTCAAGGAGTACCTC-3’

Reverse 5’-TGATGGCCTTCGATTCTGGATT-3’
GAPDH Forward 5’-GCATTGCCCTCAACGACCAC-3’

Reverse 5’-CCACCACCCTGTTGCTGTAG-3’

Biosystem, Inc. USA). Primer sequence are 
as Table 3.

Western blot

Total and nuclear protein were extracted 
using protein extraction buffer (Beyotime, 
Shanghai, China) and nucleoprotein extrac-
tion kit (Sangon Biotech, C500009). Sodium 
dodecyl sulfate-polyacrylamide gel electro-
phoresis was used to separate different pro-
teins and then proteins were transferred 
onto a nitrocellulose (NC) membrane. The NC 
membrane was blocked with 5% skimmed 
milk, and then incubated with specific anti-
bodies as follow: anti-SFRP4 (1:1000), anti-
β-catenin (1:1000), anti-β-actin (1:2000), 
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cess influenced by SFRP4. The GO gene sets 
biological process database (c5.bp.v4.0) were 
used for enrichment analysis of the expression 
database from TCGA-PAAD. 

The correlation between SFRP4 expression and 
immune cell signature genes was analyzed 
from the TCGA-PAAD database. The immune 
cell signature genes were summarized by 
Bindea, G. etc [27], and the results were dem-
onstrated by Cytoscape [28].

ELISA assay 

ELISA assays were performed using SFRP4-
specific ELISA kits (SEF878Hu, Cloud-clone, 

USA) according to the manufacturer’s instruc-
tions. The serum samples were diluted 1:20 to 
meet the detective range of the ELISA kit. We 
determine the high or low serum level of SFRP4 
by the median number in the PDAC patient 
cohort. The data was analyzed by the Cur- 
veExpert 1.4 software. 

Cell culture and transfection

Human pancreatic cancer cell lines Patu-8988, 
Mia Paca-2, SW1990, PANC-1, AsPC-1, CFPAC-
1 and immortalized normal human pancreatic 
ductal epithelial cell line HPDE and HPNE were 
purchased from ATCC. Cells were maintained in 
complete medium recommended by the pro-

Figure 1. SFRP4 expression in PDAC tissue at mRNA level. A. Re-analysis the expression of SFRPs in GSE 15471 
and GSE 28735. Expression of SFRPs in tumor (T) and adjacent non-tumor tissue (ANT) are shown, error bars in the 
column represent SE. B-D. Expression of SFRP4 was significantly increased in tumor tissues (T) compared to the 
adjacent non-tumor tissues (ANT) in GSE 15471, GSE 28735 and Renji cohorts. E. Representative IHC staining of 
SFRP4 in normal pancreas, different stage of PanINs and PDAC lesions.
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vider containing 10% fetal bovine serum (FBS), 
100 U/ml penicillin and 100 μg/ml streptomy-
cin and were incubated at 37°C in a 5% CO2 
atmosphere. The small interference RNA 
(siRNA) targeting human SFRP4 were transfect-
ed into the cells using the RNAiMAX transfec-
tion reagent (Thermo Fisher, USA), whereas 
nonspecific siRNA acted as negative controls. 
The treated cells were cultured for 3 days and 
replaced the medium with FBS-free culture 
medium, then culture the cells for another 24 
hours. The conditional culture medium was col-
lected and the cells were lysed for RNA 
extraction.

Chemotaxis assay

Human peripheral blood mononuclear cell 
(PBMC) were separated by the gradient centrif-
ugation method using lymphocyte separation 
media (Biosera, France). The 5.0 μm pore size 
Transwell (Corning, USA) was used to performed 
the chemotaxis assay. Below the insert, the 1:1 
diluted conditional culture medium was used to 
attract the cells while the PBMC were planted 
in the Transwell inserts. After 6 hours of cul-
ture, the conditional medium was collected for 
cell counting and staining. Cell counting was 
performed using precision count beads by flow 
cytometry. The same amount of beads (10000 
particles) were added to each group of cell sus-
pension and the total migrated cell number was 
calculated by the proportion of beads and cells. 
And the CD4 positive T cells were stained by 
CD4 flow cytometry antibody (560650, BD bio-
sciences, USA) for flow cytometry analysis. The 
flow cytometry was performed by LSR-Fortessa 
(BD biosciences, USA).

Statistical analysis

Statistical analysis and graphical representa-
tions were performed using SPSS 16.0 (SPSS 
Inc.; Chicago, IL, USA) and Graph Pad Prism 5 
(San Diego, CA) software. The Chi-square test 
was used to analyze the correlations between 
SFRP4 expression and clinical characteristics 
in PDAC patients. Survival curves were evalu-
ated by Kaplan-Meier method and the differ-
ence between survival curves were tested by 

log-rank test. Cox regression including univari-
able and multivariable analyses was used to 
judge the variable parameters. Only significant 
different variables in univariable analysis in- 
cluding SFRP4 expression, T classification, N 
classification, AJCC stage and liver metastasis 
were entered in the multivariable analysis. A 
two-sided P-value <0.05 was considered statis-
tically significant. 

Results

Up-regulation of SFRP4 at mRNA and protein 
level in PDAC 

To evaluate the expression pattern of SFRPs in 
human PDAC, we analyzed two independent 
microarray datasets from Gene Expression 
Omnibus (GEO) [25, 26, 29]. The result suggest-
ed that the expression of SFRP2, SFRP4 and 
SFRP5 were consistently altered in two inde-
pendent PDAC datasets, among which the 
expression of SFRP2 and SFRP4 were elevated 
in the PDAC tissues compared to the adjacent 
non-tumor tissue (Figure 1A). Based on the lim-
ited study of SFRP4, we confirmed the expres-
sion pattern of SFRP4 in patient cohorts from 
Renji Hospital. Real-time PCR was applied to 
determined SFRP4 mRNA expression level in 
30 pairs of PDAC tissue and matched adjacent 
non-tumor tissue. Our results showed a remark-
able increase of SFRP4 mRNA expression level 
in PDAC patients compared to matched adja-
cent non-tumor tissue (P=0.0072, Figure 1B). 
Moreover, microarray databases derived from 
GEO datasets indicated similar SFRP4 mRNA 
expression pattern in PDAC tissue compared to 
the adjacent non-tumor tissue (Figure 1C, 1D). 

Then we used KPC mice model to evaluate the 
expression of SFRP4 in the progression from 
PanINs to PDAC at protein level. The result sug-
gested that the normal pancreas do not express 
SFRP4 while the expression of SFRP4 gradually 
increased along with the disease progression 
(Figure 1E). We also detected the expression of 
SFRP4 in 205 cases of paired PDAC specimens 
by immunohistochemistry (Figure 2). We found 
that high expression of SFRP4 (++ or +++) was 
detected in 56.5% (116/205) of PDAC tissue, 

Figure 2. SFRP4 expression in PDAC tissue microarray by IHC. A. PDAC, scored as (+++); B. PDAC, scored as (++); 
C. PDAC, scored as (+); D. PDAC, scored as (-); E. Adjacent non-tumor tissue, scored as (-); F. Adjacent non-tumor 
tissue, the islet cells scored as (+++).



SFRP4 is a prognostic factor for PDAC

370 Am J Cancer Res 2019;9(2):363-377

while only 28.8% (59/205) in the adjacent non-
tumor tissue. As shown in Figure 2A, the stain-
ing cells in tumor tissue are duct-like tumor 
cells. While most of the SFRP4 staining positive 
cells in the adjacent non-tumor tissue were 
islet cells (Figure 2F).

Correlations of SFRP4 expression with clinical 
characteristics

The Chi-square test was used to analyze the 
relationship between SFRP4 expression and 
clinical parameters for the purpose of evaluat-
ing the clinical significance of SFRP4 expres-
sion in PDAC. The result demonstrated that 
SFRP4 expression in PDAC was correlated with 
T classification, and it showed that patients in 
T3/4 group have a higher expression of SFRP4 
than patients in T1/2 group (P=0.017, Table 1).

Prognostic significance of SFRP4 in PDAC pa-
tients

Based on our previous follow-up work, we fur-
ther investigated the relationship between 
SFRP4 expression and clinical prognosis in 
PDAC patients by Kaplan-Meier survival analy-
sis and log-rank test. As shown in Figure 3A, 
high level of SFRP4 expression was correlated 
with poor overall survival (P=0.007). Univariable 
and multivariable analysis were used to evalu-
ate whether SFRP4 has the potential to be an 
independent risk factor for poor prognosis in 
our cohort of PDAC. Univariable analysis sh- 
owed that SFRP4 expression, T classification, N 
classification, AJCC stage and liver metastasis 
were closely associated with overall survival. 

While multivariable Cox regression analysis 
confirmed that SFRP4 expression and N classi-
fication are independent risk factors of progno-
sis in PDAC (Table 2).

Serum concentration of SFRP4 is increased in 
PDAC patients and suggests an unfavorable 
prognosis

Since SFRP4 is detectable in peripheral blood 
[30, 31], we want to assess whether serum 
level of secreted SFRP4 is also increased in 
PDAC patients and the relationship between 
the concentration of serum SFRP4 and PDAC 
patients’ prognosis. To address this issue we 
performed the ELISA assay for serum samples 
from 5 healthy donors and 31 PDAC patients. 
As shown in Figure 3B, the serum level of 
secreted SFRP4 in PDAC patients (170.33 ± 
104.43 ng/ml) is higher than healthy donor 
(10.67 ± 2.02 ng/ml) with statistical difference 
(P=0.0018). We also used Kaplan-Meier sur-
vival analysis to assess the correlation between 
serum level of SFRP4 and patients’ prognosis 
(Figure 3C), the result demonstrated that high 
serum level of SFRP4 is correlated with poor 
prognosis of PDAC patients consistent with our 
finding in tissue microarray (P=0.046).

SFRP4 correlates with Treg cells infiltration in 
PDAC

To determine the biological process influenced 
by SFRP4, we performed GSEA in TCGA-PAAD 
project. As shown in Figure 4A and 4B, the si- 
gnificant GO pathways enriched in high SFRP4 
expression group were related to immune re- 

Figure 3. SFRP4 expression is associated with overall survival in PDAC patients. A. Kaplan-Meier survival curves 
demonstrated that high expression of SFRP4 was significantly correlated with poor survival time of PDAC (P=0.007). 
p-values were statistically calculated by log-rank test. B. The serum level of SFRP4 in healthy donor and PDAC pa-
tients. C. High concentration of SFRP4 at serum level was correlated with poor prognosis for PDAC patients.
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sponse especially the lymphocytes migration 
and differentiation. This finding demonstrated 
that secreted protein SFRP4 may play an impor-
tant role in the immune microenvironment. 
Since the GSEA highlighted the relationship 
between T cell differentiation and SFRP4, we 
analyzed the correlation between the signature 
genes of different T cell subsets and SFRP4 
expression [27]. The blue or red color represent 
the positive or negative correlation respectively 
while the size of the dot represents the correla-
tion coefficient. We found that SFRP4 was posi-
tive correlated with the Treg cells signature 
genes and relationship between SFRP4 and 

signature genes of other cells remains unclear 
(Figure 4C). 

IHC of FOXP3 protein in PDAC tissue microarray 
was performed to access the density of FOXP3+ 
Treg cells infiltration in tumor microenviron-
ments (Figure 5A). Then we analyzed the cor-
relation of Treg cells infiltration and clinical 
characteristics in PDAC patients. The result 
suggested that Treg cells are more likely to 
present in well differentiation and low T classifi-
cation group (Table 1). While the Figure 5B con-
firmed that the patients with high expression of 
SFRP4 have a higher ratio of Treg cells infiltra-

Figure 4. Correlation between SFRP4 expression and Treg cell infiltration in PDAC. A, B. GSEA shows the presenta-
tive GO term of biological process that positive correlates with SFRP4. C. The correlation between the expression of 
signature genes of T cell, CD8 cell, T helper cell, Treg cell and the expression of SFRP4. The size of the dots repre-
sents the correlation coefficient and the blue dots represent the positive correlation while the red dots represent the 
negative correlation. The data was analyzed from TCGA-PAAD database and demonstrated by Cytoscape. 
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tion. We also performed IHC for SFRP4 and 
FOXP3 in tumor sample from KPC mice, the 
result suggested that the density of FOXP3+ 
Treg cells increased in the area with high 
expression of SFRP4 (Figure 5C).

Down-regulated SFRP4 impairs the production 
of cytokines and the recruitment of CD4 posi-
tive cells

Treg cells generated in the thymus or differenti-
ated from Naïve CD4+ T cells in the periphery. It 
is demonstrated that tumor cells can secrete 
many factors to induce Tregs, either by direct 
action on T cells or producing factors that 
attract Tregs locally [32]. Our previous bioinfor-
matic analysis suggested that SFRP4 influ-
enced the cytokine secretion (Figure 4A, 4B), 
so we want to confirm that whether the SFRP4 

influenced the production of cytokines and the 
recruitment of T cells, especially CD4 positive T 
cells. To this aim, we selected SW1990 as the 
SFRP4 high expression cell line and used the 
small interference RNA to down-regulate the 
expression of SFRP4 in SW1990 (Figure 6A, 
6B). Then we tested the expression of classical 
cytokines responsible for the recruitment of T 
cells by qRT-PCR. We found the expression of 
CCL4, CCL5, CXCL9 and CXCL10 were all 
decreased while the down-regulation of CXCL10 
is more significant (Figure 6C). At the same 
time, the conditional culture medium (CM) from 
those treated tumor cells was collected to per-
formed the chemotaxis assay for the peripheral 
blood mononuclear cell. We found that the 
down-regulation of SFRP4 significantly impaired 
the recruitment of total migrated cells (Figure 
6D). Furthermore, we used flow cytometry to 

Figure 5. Down-regulation of SFRP4 impairs the recruitment of T cells. A. The presentative image of FOXP3 staining 
by IHC. The asterisks marked the FOXP3+ Treg cells. B. The patients with high SFRP4 expression demonstrated a 
greater proportion of high infiltration of FOXP3+ Treg cells. C. The presentative image of SFRP4 and FOXP3 staining 
by IHC in the tumor tissue from KPC mice.
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analyze the proportion of and CD4 positive T 
cells (Figure 6E). Then we calculated the preci-
sion number of total migrated cells and migrat-
ed CD4 positive cells, the results suggested 
that SFRP4 down-regulation decreased the 
total migrated cells and CD4 positive cells sig-
nificantly (Figure 6F). Based on those results, 
we supposed that SFRP4 promoted the secre-
tion of T cell specific cytokines and increased 
the recruitment of CD4 positive T cells which 
may promote the process of Treg differentia- 
tion.

Furthermore, we also performed western blot 
to determine the relationship between SFRP4 
and activation of canonical Wnt signaling. We 
found that downregulation of SFRP4 in PDAC 
cell lines decreased the level of β-catenin in the 
cell plasma and in the nuclear (Figure 6G).

Discussion

Despite the great endeavors on early diagnosis 
of pancreatic cancer, efforts failed to improve 
the survival of this fatal malignancy [33-35]. 

Figure 6. Down-regulation of SFRP4 decreased chemo-
kine secretion. A. The mRNA expression of SFRP4 in cell 
lines. B. The down-regulation of SFRP4 by small interfer-
ence RNA. C. The expression of cytokines at mRNA level 
influenced by SFRP4 siRNA. D. The proportion of counting 
beads and total migrated cell by flow cytometry. E. The 
gating strategy for the CD4 positive T cells. F. The pre-
cision number of total migrated cells and migrated CD4 
positive cells. G. The level of β-catenin in the cell plasma 
and in the nuclear determined by western blot.
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SFRPs tended to play a role of tumor suppres-
sor in a plenty of previous literature research 
[36, 37], however the wispy difference in 
expression and biological function among their 
family members remains to be determined [38, 
39]. In the present work, we re-analyzed the 
expression pattern of SFRPs in published data-
base, while the result suggested that SFRP2 
and SFRP4 may act as oncogene in PDAC. 
SFRP4, an unique and multifunctional Wnt sig-
naling component, emerged as a potential bio-
logical marker in PDAC. Here, SFRP4 expres-
sion and its clinical significance were reported 
in a more comprehensive manner.

First, we assessed SFRP4 expression at mRNA 
and protein level. Our results from real-time 
PCR and data from two independent GEO data-
sets consistently confirmed that SFRP4 expres-
sion was elevated in pancreatic cancer com-
pared to adjacent non-tumor tissues at mRNA 
level. At protein level, similar results were 
obtained by IHC in KPC mice sample and tissue 
microarray of Renji cohort. KPC mouse, which 
could mimic the disease progression, was the 
most widely used PDAC transgenic animal 
model. We noticed that the expression of 
SFRP4 correlated with the pathological stage of 
the lesions while the data from PDAC TMA also 
confirmed the relationship between SFRP4 
expression and T classification. Together, we 
found that SFRP4 expression was increased 
significantly in PDAC tissue, suggesting a poten-
tial oncogene role of SFRP4. Then, by using the 
Kaplan-Meier analysis we found that high 
expression of SFRP4 in both PDAC tissue and 
serum indicated a remarkably shorter survival 
time in PDAC patients. Furthermore, univari-
able and multivariable cox regression con-
firmed that high expression of SFRP4 could act 
as an independent risk factor for poor progno-
sis in PDAC patients.

Given the different expression pattern of SFRP4 
reported among previous study, there may be 
several possible explanations for these con-
flicts. First, SFRP4 demonstrates the least 
structural homology to frizzled receptors com-
pared to other members of SFRP family [40]. 
Besides the well-known cysteine-rich domain 
(CRD), the netrin-like domain (NLD) located in 
C-terminal of SFRP4 may lead the activation of 
Wnt/β-catenin independent signaling pathway 
[41]. Second, Suzuki H et al. found over-expres-

sion SFRP4 had little influence with the cyto-
plasmic and nuclear β-catenin [42]. Simult- 
aneously, He B et al. reported that SFRP4 may 
induce cell fate not only through canonical Wnt 
pathway but also through β-catenin indepen-
dent non-canonical pathway [43]. Lastly, the 
hypermethylation of SFRPs’ promoter region 
has been identified as an important epigenetic 
gene silencing mechanism for the low expres-
sion pattern of SFRPs in a variety of cancers 
[44, 45]. However, SFRP4 tended to display a 
lower frequency of promoter hypermethylation 
compared to other SFRPs [46, 47].

It’s widely accepted that tumors can be elimi-
nated by immune system. This process is 
termed immune surveillance. However, cancer 
cells escape from the immune surveillance pro-
cess by multiple mechanisms, including regula-
tory immune cells and immune check-point 
pathways [48]. Recent study demonstrated 
that the blockade of immune check-point path-
way has achieved noteworthy benefit in multi-
ple cancers, while the PDAC remains to be 
resistance to the immunotherapy [49]. Treg 
cells contribute to the immunosuppressive 
microenvironment in a variety of tumors includ-
ing PDAC [50], while the mechanism of Treg cell 
differentiation and migration remained to be 
investigated. In this study, we demonstrated 
that high expression of SFRP4 was strongly cor-
related with Treg cell infiltration in PDAC and 
proved that SFRP4 promoted the production of 
cytokines and recruitment of CD4 positive T 
cells. Our work provides a potential target for 
cancer therapy. 

Our study demonstrated that SFRP4 expres-
sion was increased in PDAC and high expres-
sion of SFRP4 correlated with Treg cell infiltra-
tion and poor survival in PDAC patients. Since 
SFRP4 is detectable in peripheral blood [30, 
31], our work highlights that SFRP4 expression 
can function as an important prognosis marker 
for PDAC. 
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