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High SPRR1A expression is associated with poor
survival in patients with colon cancer
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Abstract. High expression of small proline-rich protein
1A (SPRR1A) has been shown to be associated with tumor
prognosis; however, the association between SPRR1A expres-
sion and colon cancer prognosis remains unclear. The present
study sought to evaluate the association between SPRRI1A
expression and the clinicopathological characteristics of colon
cancer, and to examine its potential prognostic value. A total
of 114 patients with colon cancer were included. SPRR1A
expression was evaluated by immunohistochemical staining,
and the association between SPRR1A expression and clinico-
pathological parameters was analyzed. The prognostic value
of SPRR1A was analyzed by Cox regression analysis, the
Oncomine database and the R2 platform. SPRR1A expression
was significantly increased in cancerous tissues compared
with that in adjacent non-cancerous tissues. SPPRR1A expres-
sion was significantly associated with lymph node invasion.
High SPRRIA expression was significantly associated with
worse overall and disease-free survival rate. Cox regres-
sion analysis revealed that T stage, pathological N stage and
high SPRRI1A expression remained independent predictors
for overall survival rate. The Oncomine database analysis
demonstrated that SPRR1A mRNA expression levels were
significantly increased in colorectal cancer tissues compared
with those in adjacent non-cancerous tissues, and high
SPRR1A expression was associated with a significantly worse
event- and relapse-free survival time in the R2 platform. The
data indicate that SPRR1A may serve as a potential biomarker
for the prognosis of colon cancer.
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Introduction

In 2018, the incidence rate of colon cancer was reported as
6.1, and 5.8% mortality rate worldwide (1). Despite recent
advances in radical surgery, adjuvant chemotherapy and target
therapy, tumor recurrence and metastasis remain a major
concern, and contribute to impaired survival in patients with
colon cancer (2). The complexity of cancer makes it difficult
to predict the prognosis for colon cancer (3,4). Therefore,
identifying prognostic biomarkers is warranted to improve the
direction of treatment strategies and survival (5).

Small proline-rich protein 1A (SPRR1A), a member of
the SPRR family, is a cross-linked envelope protein of kera-
tinocytes (6,7). Previously, it has been described as a specific
marker of differentiation of keratinocytes and squamous
epithelial cells (6,8). Accumulating evidence has revealed
the prognostic importance of the high expression of SPRR1A
in various types of cancer, including diffuse large B-cell
lymphomas (9), head and neck squamous cell carcinoma (10),
and breast cancer (11). In addition, high SPRR1A expression
was also reported in a murine preneoplastic intestine and in
the normal intestinal mucosa of patients with colorectal cancer
(CRC) (12). Colonic carcinogenesis is a multistage process
involving environmental and genetic changes (13). Therefore,
the aim of the present study was to examine whether high
expression of SPRR1A may serve as a promising biomarker
for colon cancer prognosis assessment. To the best of our
knowledge, few studies have focused on this issue (9,11,12).

In order to address this literature gap, the present study
aimed to examine SPRRI1A expression in cancerous and
adjacent non-cancerous colon tissues using immunohis-
tochemical staining. The associations between SPRRI1A
expression and clinicopathological parameters of colon cancer
were subsequently investigated. The prognostic value of
SPRR1A expression was examined using Cox regression and
bioinformatics analysis.

Materials and methods

Patient tissue samples. Patients with colon cancer who under-
went radical surgery between June 2010 and December 2010
at Fujian Medical University Union Hospital were identified
from the prospectively maintained database. This study was
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approved by the Medical Ethics Committee of Fujian Medical
University Union Hospital and all patients provided written
informed consent on admission. Inclusion criteria included
pathologically proven colon adenocarcinoma, and tumor
location in the ascending, transverse, descending or sigmoid
colon. Patient exclusion criteria were as follows: i) Age,
<18 years; ii) contraindications for surgery; iii) hereditary
CRC syndromes; iv) multiple primary neoplasms; v) loss of
follow-up; and vi) incomplete clinical records.

A total of 114 patients were included in this study.
Cancerous colon tissues and adjacent non-cancerous tissues
were collected and stored in liquid nitrogen until further
analysis. The clinicopathological features were obtained from
medical records based on the CRC database, including age,
sex, body mass index (BMI), gross type, histological differen-
tiation, pathological TNM staging (14) and survival outcome.
The variables of colon cancer are presented in Table I. Survival
outcomes were obtained from the post-operative surveillance.

Patient follow-up. Post-operative surveillance was conducted
four times in the first 3 years, then twice for the next 2 years
and annually thereafter. Follow-up items included a physical
examination, serum carcinoembryonic antigen (CEA) test,
chest X-ray or CT scans, abdominopelvic MRI or CT scans,
and an annual colonoscopy. The last follow-up time was
recorded as the mortality of the patient or the cutoff date of
September 30, 2018.

Immunohistochemistry (IHC). Immunohistochemical
staining was performed using the streptavidin-biotin complex
method (15), in order to determine SPRR1A protein expression.
For immunohistochemical studies, surgical specimens were
harvested and fixed in 10% formalin overnight at room temper-
ature, prior to being embedded in paraffin at room temperature.
Paraffin-embedded tissue samples were cut into 4-um-thick
sections. In brief, the slides were blocked with 5% normal goat
serum (Fuzhou Maixin Biotech Co., Ltd.) for 20 min at room
temperature. Tissue sections were incubated with primary
antibody directed against SPRR1A (1:200; cat. no. bs-11162R;
BIOSS) overnight at 4°C. After 24 h, membranes were incu-
bated with horseradish peroxidase-labeled secondary antibody
(1:500; cat. no. SP KIT-C1; Fuzhou Maixin Biotech Co., Ltd.)
for 1 h at room temperature. The slides were subsequently
stained with 3,3'-diaminobenzidine for 30 min at room
temperature and observed under an optical light microscope
(magnification, x100). PBS was used as a negative control.

Tissue sections were observed and blindly scored by two
independent pathologists from the Department of Pathology,
Fujian Medical University Union Hospital (Fuzhou, China).
The percentage of positive cells and the color were determined
based on the intensity score (16). The staining intensity was
scored as follows: 0, no staining; 1, light yellow; 2, brown and
3, deep brown. The percentage of positive cells was scored as
follows: 0, <5%; 1 (5-<25%); 2 (>25-50%); 3, (51-75%) and 4
(>75%). The final score was obtained by multiplying these two
scores: 0, negative (-); 1-4, weakly positive (+); 5-8, positive
(++) and 9-12, strongly positive (+++) (16). SPRR1A expres-
sion was divided into two groups as follows: High SPRR1A
expression, final score 5-12; and low SPRR1A expression, final
score 0-4.
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Bioinformatic analysis of SPRRIA. Meta-analysis of SPRR1A
expression in colon cancer tissues was performed using the
Oncomine database (https:/www.oncomine.org). The prog-
nostic impact of SPRR1A on CRC was evaluated using the
R2: Genomics Analysis and Visualization Platform (17).

Statistical analysis. Statistical analyses were conducted
using SPSS (version 24.0; IBM, Corp.). Data were presented
as the mean + standard deviation (SD), as appropriate.
Clinicopathological characteristics between groups were
compared using the y?, Student's t-test and paired Student's
t-test, when appropriate. Survival outcomes were evaluated
with the Kaplan-Meier method and compared via the log-rank
test. Univariate and multivariate analysis were conducted by
using a Cox regression model to evaluate the prognostic value
of SPRRI1A expression. P<0.05 was considered to indicate a
statistically significant difference.

Results

Baseline characteristics. A total of 114 patients with colon
cancer (76 men and 38 women) were included in the present
study. The mean age was 62.6 years (range, 49.2-76.1 years).
Baseline clinicopathological characteristics are presented
in Table I. SPRR1A expression significantly increased in
colon cancer tissues compared with adjacent non-cancerous
tissues via paired sample t-test analysis (P<0.001; Fig. 1).
Based on the IHC results of SPRRI1, 32 patients with a final
score of 0-4 were classified in the low SPRR1A expression
group (Fig. 2A and B), and 82 patients with a final score of
5-12 were classified in the high SPRR1A expression group
(Fig. 2C and D).

Association of SPRRIA expression with clinicopathological
characteristics of patients with colon cancer. The present study
subsequently evaluated the association of SPRR1A expres-
sion with the clinicopathological features patients with colon
cancer (Table II). High SPRR1A expression was significantly
associated with lymph node invasion (P=0.042); however, no
significant associations were demonstrated between SPRR1A
expression and other clinicopathological features, including
age, sex, BMI, pretreatment CEA and carbohydrate antigen
19-9 (CA19-9) levels, tumor location, gross type of tumor,
tumor histopathology, tumor differentiation and pathological
T stage (all P>0.05). The incidence of distant metastasis was
15.9% in the high SPRR1A expression group and 3.1% in
the low SPRR1A expression group; however, no significant
differences were observed between the two groups.

High SPRRIA expression is associated with poor survival in
colon cancer. The Kaplan-Meier curve demonstrated that high
SPRRI1A expression was significantly associated with a worse
overall survival (OS) (P=0.013; Fig. 3A) and disease-free
survival (DFS) (P=0.0.004, Fig. 3B) rates. The 5-year OS rates
were significantly lower in patients with high SPRR1A expres-
sion levels than that of patients with low SPRR1A expression
levels (64.6% vs. 87.5%; Fig. 3A). The 5-year DFS rate was
significantly lower in patients with high SPRR1A expression
levels than that of patients with low SPRR1A expression levels
(66.4% vs. 93.8%; Fig. 3B).
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Table I. Patient characteristics (n=114).
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Characteristics P-value
Mean age + SD, years 62.6£13.4
BMI (mean + SD, kg/m?) 21.9+2.8
Sex, n (%)

Male 76 (66.7)

Female 38 (33.3)
Pretreatment CEA level, n (%)

<5 ng/ml 68 (59.6)

=5 ng/ml 46 (40.4)
Pretreatment CA19-9 level, n (%)

<37 U/ml 98 (86.0)

>37 U/ml 16 (14.0)
Tumor location, n (%)

Ascending colon 34 (29.8)

Transverse colon 4(3.5)

Descending colon 11 (9.6)

Sigmoid colon 65 (57.0)
Gross type, n (%)

Expanding 45 (39.5)

Ulcerated 64 (56.1)

Infiltrating 5044
Histopathology, n (%)

Adenocarcinoma 101 (88.6)

Mucinous or signet ring adenocarcinoma 13 (11.4)
Tumor differentiation, n (%)

Grade 1+2 87 (76.3)

Grade 3+4 27 (23.7)
T stage, n (%)

T1 7(6.1)

) 9(7.9)

T3 61 (53.5)

T4 37 (32.5)
Lymph node invasion, n (%)

No 61 (53.5)

Yes 53 (46.5)
Pathological TNM stage, n (%)

I 13 (11.4)

II 44 (38.6)

III 44 (38.6)

v 13 (11.4)
SPRR1A expression, n (%)

High 82 (71.9)

Low 32 (28.1)
Mean OS time + SD, months 76.5+32.8

SD, standard deviation; BMI, body mass index; CEA, carcinoembry-
onic antigen; CA19-9, carbohydrate antigen 19-9; SPRR1A, small
proline-rich 1A; OS, overall survival; TNM, Tumor-Node-Metastasis.

High SPRRIA expression is a prognostic indicator in patients
with colon cancer. Univariate analysis identified 10 potential
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Immunohistochemical scores

Figure 1. Heatmap of the immunohistochemical score of SPRRIA in
cancerous and adjacent noncancerous colon tissues. Every unit represents the
SPRRIA expression in each patient. SPRR1A, small proline-rich protein 1A.

risk factors associated with OS, including pathological T stage
[hazard ratio (HR), 2.669; P<0.001], pathological N stage (HR,
4.323; P<0.001) and high SPRR1A expression (HR, 3.083;
P=0.019). In addition, it was indicated that age, sex, BMI,
histology, differentiation, pretreatment CEA and CA19-9
levels were not significantly associated with OS. Cox regres-
sion analysis demonstrated that pathological T stage (HR,
2.099; P=0.012), pathological N stage (HR, 2.832; P=0.007)
and high SPRRI1A expression (HR, 2.606; P=0.047) remained
independent prognostic factors for OS, as presented in Table I1I.

Validation of SPRRIA in Oncomine and R2. SPRR1A
expression was verified, along with its prognostic value via
bioinformatics analysis. Meta-analysis of 21 GEO-sourced
datasets from the Oncomine database was performed and
the results revealed that SPRR1A mRNA levels were signifi-
cantly increased in CRC tissues (P<0.001; Fig. 4A). The R2
platform was used to generate Kaplan-Meier OS curves using
the following datasets: “Tumor Colon-Sieber-290-MAS5.0-u
133p2’, ‘Tumor Colon-Smith-232-MAS5.0-ul133p2’, ‘“Tumor
Colon (Core-Exon)-Sveen-333-rma_sketch-huex10p’, “Tumor
Colon (Core-Transcript)-Sveen-333-rma_sketch-huex10t’,
‘Tumor Colon CIT (Combat)-Marisa-566-rma-ul33p2’,
‘Tumor Colon MSI-status (Core Exon)-Sveen-95-rma_
sketch-huex10p’ and ‘Tumor Colon MVRM-SieberSmith-345
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Figure 2. Representative images of small proline-rich protein 1A expression in colon cancer tissues (magnification, x100). (A) Negative (-), (B) weakly positive

(+), (C) positive (++) and (D) strongly positive (+++).
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Figure 3. Kaplan-Meier curves for patients with colon cancer stratified by SPRR1A expression level. (A) Overall survival and (B) disease-free survival rates

for patients with colon cancer. SPRR1A, small proline-rich protein 1A.

-fRMA(bc)-ul33p2’ (17). High SPRR1A expression was asso-
ciated with significantly worse rates of event- and relapse-free
survival rate (all P<0.05; Fig. 4B-H). In the ‘Tumor Colon
(KRAS mut)-Hase-59-MAS5.0-ul33p2’ (P=0.064; Fig. 41) and

‘Tumor Colon MSI-status (Core-Transcript)-Sveen-95-rma_
sketch-huex10t” (P=0.259; Fig. 4J) data sets, high SPRR1A
expression was associated with a worse OS; however, no
statistically significant differences were observed.
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Table II. Association between SPRR1A expression and clinicopathological characteristics in patients with colon cancer.

SPRR1A expression
Characteristics Low (n=32) High (n=82) P-value
Mean age + SD, years 64.0+12.4 62.1+13.8 0.685
Mean BMI = SD, kg/m? 21.5+2.8 22.1£2.8 0.683
Pretreatment CEA, n (%) 0.525
<5 ng/ml 21 (65.6) 47 (57.3)
=5 ng/ml 11 (34.4) 35(42.7)
Pretreatment CA19-9, n (%) 0.760
<37 ng/ml 27 (84.4) 71 (86.6)
>37 ng/ml 5(15.6) 11 (13.4)
Pathological T stage, n (%) 0.337
T1 4 (12.5) 3(6.1)
T2 3094) 6(7.9)
T3 17 (53.1) 50 (61.0)
T4 8(25.0) 23 (28.0)
Lymph node invasion, n (%) 0.042
No 22 (68.8) 39 (47.6)
Yes 10 (31.3) 43 (52.4)
Distant metastasis, n (%) 0.108
No 31 (96.9) 69 (84.1)
Yes 1 3.1 13 (15.9)
Tumor location, n (%) 0.444
Ascending colon 13 (40.6) 21 (25.7)
Transverse colon 1(3.1) 3(3.6)
Descending colon 2(6.3) 9(10.9)
Sigmoid colon 16 (50.0) 49 (59.8)
Tumor differentiation, n (%) 0.836
Grade 142 24 (75.0) 63 (76.8)
Grade 3+4 8(25.0) 19 (23.2)

SD, standard deviation; BMI, body mass index; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; SPRR1A, small
proline-rich 1A.

Table III. Univariate and multivariate analyses of risk factors for overall survival of patients with colon cancer.

Univariate analysis Multivariate analysis

Variables HR (95% CI) P-value HR (95% CI) P-value
Age (years) 1.021 (0.994-1.048) 0.136

Sex (female vs. male) 1.818 (0.860-3.842) 0.117

BMI 1.064 (0.955-1.187) 0.261

Pretreatment CEA level (<5 vs. = 5 ng/ml) 0.611 (0.323-1.155) 0.129

Pretreatment CA19-9 level (<37 vs. =37 U/ml) 0.876 (0.366-2.096) 0.766

Pathological T stage 2.669 (1.551-4.594) <0.001 2.099 (1.175-3.749) 0.012
Pathological N stage 4.323 (2.093-8.928) <0.001 2.832(1.335-6.008) 0.007
Histopathology (adenocarcinoma vs. mucinous adenocarcinoma) 1.745 (0.784-3.886)  0.173

Tumor differentiation (grade 1+2 vs. 3+4) 0.755 (0.367-1.554) 0.445

SPRR1A expression (high vs. low) 3.083(1.203-7.903) 0.019 2.606 (1.012-6.708) 0.047

HR, hazard ratio; CI, confidence interval; BMI, body mass index; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9;
SPRR1A, small proline-rich 1A.
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A Comprarison of SPRR1A across 21 analyses
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Figure 4. Verification of SPRR1A expression. (A) Meta-analysis of 21 GEO-sourced datasets mined from the Oncomine database demonstrated that SPRR1A
mRNA levels were significantly lower in colorectal cancer tissues than in normal colon tissues (P<0.001). (B-H) High expression of SPRR1A was associated
with significantly poorer event- and relapse-free survival times (All P<0.05). (I and J) High expression of SPRR1A was associated with poorer event- and
relapse-free survival; however, no significant differences were observed (P=0.141 and P=0.118). SPRR1A, small proline-rich protein 1A. Event-free survival
indicated that the patient was still alive. Relapse-free and disease-free survival indicated no tumor recurrence in patients.

Discussion tissues, which was significantly associated with lymph node
involvement. In addition, high SPRR1A expression was an

Few studies have focused on the association between SPRR1A  independent predictor for OS. Using bioinformatics analysis,

expression and the prognosis of colon cancer (9,11,12). the association between higher SPRR1A expression and

Through use of immunohistochemical analysis, the present  impaired prognosis was further confirmed.

study demonstrated that SPRR1A expression is increased in Previous studies have demonstrated that SPRR1A plays

colon cancer tissues compared with adjacent noncancerous a crucial role in the pathogenesis of various types of cancer,
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such as diffuse large B-cell lymphomas (9), head and
neck squamous cell carcinoma (10) and breast (12) cancer.
Leclerc et al (12) reported high expression of SPRRIA in a
murine preneoplastic intestine and in the normal intestinal
mucosa of patients with CRC. In addition, only a limited
number of mice with high expression of SPRR1A protein
eventually develop tumors (12). The present study showed
that SPRR1A expression was significantly higher in cancerous
tissues. However, the underlying mechanism remains unclear.
Given that colonic carcinogenesis is a multistage process
involving environmental and genetic changes (13), one of
the possible explanations may be that the normal intestinal
mucosa in patients with colon cancer has sufficient time for
compensatory expression changes. Therefore, the present
study investigated whether the high expression of SPRR1A
serves as an oncogene in colon cancer progression. To the best
of our knowledge, this study provided novel insight demon-
strating that the high expression of SPRR1A is associated with
lymph node metastasis, suggesting the clinical importance of
SPRRI1A in colon cancer.

The prognostic significance of SPRR1A has been demon-
strated in different types of cancer including, diffuse large
B-cell lymphomas, epithelial-like head and neck carcinoma
and progesterone receptor-positive breast cancer (9-11).
However, the clinical impact of SPRR1A as a prognostic
biomarker for colon cancer remains unclear. In the present
study, the prognostic significance of SPRR1A expression was
further examined in colon cancer. It was revealed that high
SPRRI1A expression was associated with significantly worse
OS and DFS rates. After adjusting for confounding factors,
it was demonstrated that the expression of SPRR1A was an
independent predictor for OS. In accordance with previous
findings (10,11), these results revealed the prognostic impli-
cation of SPRR1A in colon cancer. A tendency was indicated
between high SPRR1A expression and the incidence of
distant metastasis (high expression vs. low expression, 15.9%
vs. 3%); however, no significant differences were indicated.
In addition, this study was not able to identify high SPRR1A
expression as an independent predictor for tumor recur-
rence. The small patient sample size of this study cohort
could contribute to the lack of statistical difference. Given
the complex mechanism of tumor recurrence and metastasis,
large-scale studies are required to investigate the underlying
mechanism.

Furthermore, the association between SPRR1A expression
and survival in colon cancer was evaluated using bioin-
formatics analysis. The results demonstrated significantly
higher SPRR1IA mRNA levels in CRC tissues, and high
SPRRI1A expression was associated with a worse survival
time. Collectively, these findings were consistent with the
aforementioned results.

In summary, SPRR1A expression was upregulated in colon
cancer tissues and high SPRRI1A expression was associated
with lymph node metastasis and impaired survival in patients
with colon cancer. The results suggest that SPRR1A may act as
a potential biomarker for the prognosis of colon cancer.
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