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Abstract

Objectives: To evaluate the relationship between phosphatase of regenerating liver 3 (PRL3)
expression and clinical outcome in colorectal cancer (CRC).

Background: PRL3, a protein tyrosine phosphatase functions as one of the key regulatory
enzymes of various signal transduction pathways. PRL3 is highly expressed in a majority of
cancers and is a novel potential therapeutic target.

Methods: PRL3 expression was evaluated by immunohistochemistry in 167 patients with CRC,
37 patients with no disease, and 26 patients with metastatic CRC (mCRC). Phosphorylated Akt at
serine 473 (p-Akt S473) expressions was also evaluated by immunohistochemistry in mCRC
patients.
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Results: High expression of PRL3 was correlated with CRC progression, and every one unit
increase in PRL3 level contributed to an increase in the rate of death by 1 to 1.7%. PRL3
expression was significantly higher in liver metastases compared with primary tumors and showed
a significant positive correlation with the expression level of p-Akt S473.

Conclusion: PRL3 expression levels correlated with CRC progression and metastasis, and
positively correlated with activated Akt level in mCRC. Together, these findings indicated that
PRL3 might be a potential marker for increased risk of CRC-specific tumor burden and identify
PRL3 as an attractive therapeutic target for mCRC treatment.
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INTRODUCTION

Metastasis is the main cause of cancer morbidity and mortality and is estimated to be
responsible for about 90% of cancer related deaths [1]. Colorectal cancer (CRC) is the
second leading cause of cancer related death in United States and 50-60% of patients will
develop metastasis during the course of their disease [2]. Saha ef a/(2001) performed global
gene expression profiles using serial analysis of gene expression (SAGE) technology to
identify specific genes involved with CRC metastasis. They reported that phosphatase of
regenerating liver 3 (PRL3) was consistently overexpressed in CRC metastases but noted
low and intermediate expression in normal colon/benign tumors and early stage CRC
respectively [3]. We have also previously reported the relationship between activation of
PRL3 mediated cell survival pathway and CRC progression and selective promotion of
metastasis [4].

PRL3 belongs to the PRL family of protein tyrosine phosphatases which encodes a small,
22-kD tyrosine phosphatase that is located at the cytoplasmic membrane when prenylated at
its COOH-terminus and in the nucleus when it is not conjugated to this lipid [5]. This
subfamily of small proteins includes three members; PRL1, PRL2, and PRL3 [6]. PRL1 and
PRL2 are ubiquitously expressed, and PRL3 is expressed mainly in heart and skeletal
muscle [7,8]. All three sub-groups have been reported to promote processes involved in the
hallmarks of cancer such as cell survival and proliferation, tumor growth, invasion,
migration and metastasis [7]. Various studies have reported upregulation of PRL3 in CRC
[9-11]. PRL3 has also been found to be overexpressed in many other human cancer types
such as prostate cancer [12,13], gastric cancer [14,15], ovarian cancer [16], and chronic
myeloid leukemia [17]. PRL3 promotes cell survival and epithelial to mesenchymal
transition (EMT) by acting upstream of phosphatidylinositol-3 kinase (PI3K)/serine
threonine protein kinase Akt signaling [7,18]. PI3K is an oncogene and the PI13K/Akt
signaling mediated promotion of cell survival, cell proliferation or EMT is well documented
[19,20]. We have also extensively studied the role of cell survival in CRC [21-28], and
reported that PRL3 promotes cell survival under growth factor deprivation stress by
activating and maintaining the activity of the PI3K/Akt pathway [4].
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Aberrant expression of PRL3 has been associated with increased metastatic potential in
CRC [29]. However, the correlation of PRL3 expression levels with increased CRC burden,
tumor stages, distant recurrence and patients’ survival outcomes have not been fully
evaluated. In the present study, we explore the prognostic value of PRL3 expression levels in
CRC progression and metastasis.

MATERIALS AND METHODS

Patients and Colon Tissue Microarray (TMA)

Antibodies

Colon tissue microarrays (TMAS’) were purchased from the National Cancer Institute [30].
Details of the TMA were outlined in our previous publication [28]. Briefly, colon TMAS
consisted of colon tissue specimens representing different colon cancer stages (obtained
from colon cancer patients), normal colon epithelium (obtained from non-cancer
diverticulitis surgeries), and tissues from adenomatous colon polyps diagnosed between
1989 to 1996. A total of 167 CRC patients and 37 non-cancer controls were included in the
study. Another set of 26 patients with metastatic CRC (mCRC), who underwent surgical
resection at the UNMC between 2000 and 2010 for both primary and liver metastatic
tumors, were also included. All experiments involving human subjects at UNMC were
approved by the UNMC Institutional Review Board (IRB#401-07-EP).

PRL3 antibody (catalog#sc-2045) was purchased from Santa Cruz Biotechnology (Dallas,
TX). Phospho-Akt (S473) rabbit polyclonal antibody (catalog#3027) and phospho-Akt
(S473) blocking peptide (catalog#1140) were purchased from Cell Signaling Technology
(Danvers, MA).

Immunohistochemical analysis

PRL3 IHC analysis was performed on formalin-fixed paraffin-embedded tissue sections of
human CRC (in TMA format or on separate slides) obtained retrospectively from the NCI
and UNMC using standard IHC protocols [24,28]. p-Akt (S473) IHC was also performed on
sections of human CRC tissues obtained from UNMC. Briefly, tissue slides were
deparaffinized in histoclear and rehydrated in descending grades of ethanol. Following
deparaffinization, tissue sections were subjected to antigen retrieval with citrate buffer and
treatment with 3% H,0, to block endogenous peroxidase activity. Sections were blocked
with 5% normal goat serum at room temperature for 1 hour and immunostaining for PRL3
and p-Akt (S473) at 1:20 and 1:50 dilutions respectively, were done using an indirect
detection method. Slides were incubated in either primary antibody or 1X tris-buffered
saline with tween 20 (TBST; as a negative control) or blocking peptide (primary antibody
and blocking peptide at 1:2 ratio) at 4°C overnight. After washing in 1X TBST, sections
were incubated with biotinylated goat anti-rabbit 1gG (Vector Laboratories) at room
temperature for 30 minutes, followed by incubation with HRP (horseradish peroxidase)-
conjugated streptavidin (Invitrogen). Detection used the DAB (3,3’-diaminobenzidine)
substrate chromogen kit (DAKO) following the manufacturer’s protocol, and sections were
counterstained with hematoxylin (Protocol) and dehydrated with ethanol and histoclear.
Specimens were processed on the same day to eliminate any variability in conditions. Slides
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were scanned using Ventana’s Coreo Au Slide Scanner in the UNMC Tissue Sciences
Facility and staining intensity was measured and quantified with NIH Image J [31] and
GraphPad Prism version 8 software (GraphPad Software Inc., San Diego, California USA),
respectively.

Statistical analysis

RESULTS

To account for the complex sampling design of the NCI colon TMAs, SAS software (SAS
Institute Inc., Cary, NC, USA) was used for all statistical analysis. Due to the unavailability
of the full TMA for analysis, weights were recalculated based on the available samples to
preserve the original stratified sampling design. Stratum weights were calculated as
w=Ny/ng, where Ny is the potential number of samples in the stratum provided in the table
of the distribution of cases from the NCI, ny is the number of cases available from each
stratum, and w is the recalculated weight. Weighted sample estimates, standard errors, and
95% confidence limits (CL) were calculated using the Taylor expansion method. T-tests and
analysis of variance (ANOVA) models were used to compare PRL3 expression by patient
and clinicopathologic characteristics. Cox proportional hazards regression was used for
univariate comparison of patient characteristics for overall survival (OS), recurrence free
survival (RFS), and disease specific survival (DSS). Variables that were statistically
significant in the univariate models were included in a backward selected multivariable Cox
regression analysis, and those with p < 0.1 were retained in the multivariable models. All
analyses were weighted and stratified except the cumulative incidence analyses. Statistical
tests were 2-sided and p < 0.05 were considered statistically significant.

For human metastatic CRC data, paired t-tests was used to compare PRL3 and p-Akt
expression status in primary tumors and liver metastases. Correlation of PRL3 and p-Akt
(S473) expression levels in metastatic CRC tumors were compared using Pearson correlation
coefficient analysis. P < 0.05 were considered statistically significant.

Characteristic of patients with CRC

A cohort of 167 colon cancer patients and 37 individuals without cancer or bearing colon
adenomas “designated as normal” were used to generate the TMAs from the NCI. Complete
demographic and clinicopathologic features of these 167 patients are summarized in Table 1.
One hundred and sixteen patients (67%) were older than 65 years of age, and female patients
accounted for 55% of the entire cohort. Of the 167 CRC patients, 112 (66.2%) were
deceased at last contact. The median follow-up for patients was 89 months and ranged from
18 to 148 months.

Another set of 26 mCRC patients with matched primary tumor and liver metastasis was
obtained through the UNMC Tissue Science Facility.

PRL3 expression level serves as a predictive and prognostic biomarker in CRC patients.

Consistent with previous findings [3], PRL3 expression levels were low/intermediate in
normal colon epithelium/early stages of colon cancer tissue samples and significantly
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elevated in late stage colon cancer (Figure 1A). IHC statistical analysis demonstrated a
significant increase in PRL3 expression in primary colon tumors compared with normal
colon (p < 0.0001, Figure 1B); furthermore, there was a significant increase in PRL3 levels
with CRC progression, with stage IV having the highest expression of the protein (p <
0.0001, Figures 1C and 1D). Patient characteristics and distribution of clinicopathological
variables in accordance to PRL3 expression levels are summarized in Table 1. In general, we
noted a statistically significant increase in PRL3 expression in cases with one or more
positive nodes invasion (p = 0.0002), TNM stage (p = 0.0001), tumor histology (p = 0.025),
and type of recurrence (p < 0.0001). However, the levels of PRL3 expression showed no
correlation with other clinicopathological features such as age at diagnosis, gender, tumor
histology grade, location, blood/lymphatic vessel invasion, and chemotherapeutic status of
patients (Table 1).

To evaluate the association of PRL3 with CRC prognosis, univariate and multivariate Cox
proportional hazard regression models were employed to determine whether PRL3
expression was an independent risk factor for CRC prognosis, as shown in tables 2 and 3. In
univariate analysis, high levels of PRL3 expression was marginally predictive for RFS (p =
0.082). Interestingly, we observed a significant increase in the risk of death by 1-1.7% for
every one unit increase in PRL3 level (p = 0.0396 to 0.077) (Table 2). The analysis also
showed that age = 65 was predictive for OS and RFS (p = 0.0274 to 0.028); and number of
positive lymph node status (p < 0.0001), TNM stage (p < 0.0001), and blood/lymphatic
vessel invasion (p < 0.001 to = 0.001) were predictive of OS, RFS and DSS (Table 2).
Multivariate analysis showed a significant correlation of PRL3 level with advanced stage (p
< 0.0001) and blood/lymphatic vessel invasion (p = 0.0024 to 0.051) (Table 3).

Correlation of PRL3 and phosphorylated Akt expression in human mCRC specimens

Studies have shown that PRL3 is associated with increased metastatic potential in several
cancers including CRC [9,32,33]. PRL3 has been reported to activate PI3K/Akt signaling in
different cancer cell models [18,34] and we have shown that PRL3 activates Akt through
phosphorylation at serine 473 in colon cancer cells [4]. In the present study, we investigated
the levels of PRL3 and phosphorylated Akt (S473) expressions in 26 paired human CRC
primary tumor and liver metastatic tissue specimens using IHC methods. As expected, weak
and homogenous PRL3 expression was detected in uninvolved normal colorectal epithelium
similar to the observation in TMA analysis in Figure 1 (data not shown). However, both
primary and metastatic CRC display significant variation in PRL3 expression among cases
and PRL3 staining distributed heterogeneously (Figure 2A). Heat map dendogram was
generated to provide visual representation of score for relative PRL3 expression levels
analyzed on primary tumors and liver metastatic tissues (Figure 2B). There was a
significantly higher PRL3 expression in liver metastatic tissues compared with primary
tumor tissues (p = 0.0232, Figure 2C). Interestingly, p-Akt (S473) expression levels were
also significantly higher in liver metastasis compared with the matched primary tumors as
represented by IHC pictures and the corresponding heat map generated (Figures 3A and 3B).
The difference of p-Akt (S473) expression is statistically significant between two groups (p
= 0.0045, Figure 3C).
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To further understand the relation between PRL3 and phosphorylated Akt (S473) in mCRC,
Pearson correlation was performed. We observed a significant positive correlation between
PRL3 and p-Akt (S473) expression levels in liver metastasis (r = 0.4203, p = 0.03205;
Figure 4A) and a marginal positive correlation in primary CRC (r = 0.371, p = 0.0621,;
Figure 4B).

DISCUSSION

The study presented here investigates the potential role of PRL3 to serve as prognostic and

metastatic predictive biomarker in CRC patients. We showed the association of high PRL3

expression with CRC progression and metastasis, and the positive correlation of PRL3 with
PI3K/Akt cell survival signaling in metastatic CRC.

PRL3, together with other protein tyrosine phosphatases functions as a key regulatory
enzyme in various signal transduction pathways [35]. High PRL3 level is associated with the
development of many cancers including CRC [9-11]. Increased PRL3 expression in CRC
induces epithelial to mesenchymal translocation (EMT) and undergoes progressive
alterations of expression during the CRC adenoma-carcinoma development [18].
Experiments we performed in a cohort of 167 patients with CRC and 37 control subjects
provided strong evidence that PRL3 levels in patients with CRC were significantly higher
than in healthy non-cancer controls. Moreover, PRL3 expression levels were correlated with
CRC progression and significantly higher in patients with stage 111/I\V CRC than in stage 1/I1
CRC. Interestingly, for every one unit increase in PRL3 level we observed 1 to 1.7%
increase risk of death in CRC patients (p = 0.0396 to 0.077). In another subset of 26
matched human primary and mCRC tissue samples, we observed a significant increase in
PRL3 expression in 50% of liver metastatic tissue samples, indicating PRL3 may also
contribute to CRC metastasis.

PRL3 has been reported to play a role in the regulation of several pathways, such as the
PI3K/AKT [18], Src [36], and ERK [37] pathways. Aberrant cell survival is one of the
hallmarks of cancer [38], and PI3K/Akt and its downstream signaling components are
critical for cancer cell survival [20]. PRL3 activates PI3K/Akt signaling via inhibition of
PTEN and activation of Akt [18]. We have also reported that PRL3 activates Akt as reflected
by increased phosphorylation at serine 473 [4]. In the present study, we demonstrated that
high PRL3 expression level correlated with activated Akt expression in mCRC. Therefore,
we speculate that high PRL3 level in CRC cells increase their survival capabilities in tumor
microenvironment, which is partly mediated through the Akt signaling pathway, thereby,
leading to tumor progression and metastatic colonization.

High expression of PRL3 in biopsied and surgical colorectal cancer specimens may provide
clinicians with useful information for identifying patients with CRC occult metastases. The
findings in the present study is limited due to the small sample size of metastatic CRC, and
more samples are required to validate the findings. Additional investigations are also
warranted to clarify the role(s) of PRL3/Akt mediated aberrant cell survival in the process of
CRC metastasis and to develop novel anti-metastatic therapeutic strategies against PRL3.
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CONCLUSIONS

This study demonstrates PRL3 as a probable metastatic-predictive biomarker in CRC
patients. PRL3 level correlated with CRC progression and there was a significant association

of
co

PRL3 expression levels with CRC metastatic phenotype. Our data also suggest a positive
rrelation of PRL3 with cell survival marker, p-Akt (S473) indicating that PRL3 positive

tumor cells might partly contribute to CRC progression and metastasis. Therefore, PRL3
may be a novel potential prognostic biomarker for CRC progression and might aid in the
identification of patients with potential liver metastasis.
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SYNOPSIS

Phosphatase of regenerating liver 3 (PRL3) is reported to be upregulated in many cancers
including colorectal cancer (CRC). We analyzed PRL3 expression in two sets of CRC
patient specimens and reported a significant association between PRL3 levels and CRC
tumor burden. We also demonstrated a strong positive correlation between PRL3 and
activated Akt expression levels in metastatic CRC specimens.
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Stage Il 67 48.68 2.06 44.62 52.74 45.77 13.19-94.06 | <0.0001
Stage IV 20 54.08 3.59 47.01 61.16 52.75 27.38-81.85 | <0.0001

Figure 1: PRL 3 expression is elevated in human CRC patient specimens.
A, IHC analysis of PRL3 expression in TMASs consisting of normal colon tissues and stage

I-IV CRC specimens. B - D, Statistical analysis of PRL3 staining intensity in colon samples.
A p <0.05 is considered statistically significant. PRL3, phosphatase of regenerating liver 3;
CRC, colorectal cancer; IHC, immunohistochemistry; TMA, tissue microarray.

J Surg Oncol. Author manuscript; available in PMC 2022 January 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Leiphrakpam et al.

Page 12

1= =
o

)
s

p=0.0232

tensity O - o

ining in

PRL3 sta

-
(3}
1

Prirrllary
tumor

|
Liver
metastasis

Negative control Negative contro|
BT 5y R0 20X 1B '
AVEXY Y ;.."-:‘ Ve gor fad 8
% Va7 . :
N b St &
» ' D5
& ) e A1
4 Q "'47‘ '.,';’i . .
:,/“ ):-4 3 > I~
Primary tumor Liver metastasis

12 3 656 7 8 9101213141516 18 19 20 21 22 23 24 25 26 28 29 30

Figure 2: IHC analysis of PRL 3 expression in human metastatic CRC patient specimens.
A, IHC analyses of PRL3 expression in human stage IV primary CRCs and matched liver

metastatic tumor tissues. B, Heat map of PRL3 staining in human stage IV primary CRCs
and matched liver metastatic specimens. C, Densitometric analysis of human stage IV CRCs
and matched liver metastases stained for PRL3 by Image J, followed by statistical analysis.
A p <0.05 is considered statistically significant. IHC, immunohistochemistry; PRLS3,

phosphatase of regenerating liver 3, CRC, colorectal cancer.
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Figure 3: IHC analysis of p-Akt (S473) expression in human metastatic CRC patient specimens.
A, IHC analyses of p-Akt (S473) expression in human stage IV CRCs and matched liver

metastatic tumor tissues. B, Heat map of p-Akt (S473) staining in human stage 1V primary
CRCs and matched liver metastatic specimens. C, Densitometric analysis of human stage IV
CRCs and matched liver metastases stained for p-Akt (S473) by Image J, followed by
statistical analysis. A p < 0.05 is considered statistically significant. IHC,
immunohistochemistry; p-Akt (S473), phosphorylated Akt at serine 473; CRC, colorectal
cancer.
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Figure 4: Correlation of PRL 3 and p-Akt ($473) expression levelsin human metastatic CRC
patient specimens.
A, B, Correlation of co-efficient analysis of PRL3 and p-Akt (S473) levels in human stage

IV CRCs and matched liver metastatic tumor tissues. A p < 0.05 is considered statistically
significant. PRL3, phosphatase of regenerating liver 3, p-Akt (S473), phosphorylated Akt at
serine 473.

J Surg Oncol. Author manuscript; available in PMC 2022 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Leiphrakpam et al. Page 15
Table 1.
Patient and pathologic variables, with comparison of mean PRL3 by groups in CRC primary cases
" Weighted Mean SE of Mean
Parameters N Weighted Percent PRL 3 PRL 3 p-value

Age at diagnosis (years) <65 51 32.6% 46.29 2.25 0.65
>=65 116 67.4% 45.00 1.63

Race White 160 95.5% 4491 1.32 -
Black 2 1.6% 64.35 6.31
Unknown 5 2.9% 51.82 5.05

Gender Male 77 44.7% 44.29 1.98 0.47
Female 90 55.3% 46.33 1.81

Number of Positive Nodes 0 83 55.5% 40.96 1.76 0.0002
>=1 84 44.5% 50.97 1.93

Proximal Margin Involvement  Uninvolved by tumor 167 100% 45.42 1.30 -

Distal Margin Involvement Uninvolved by tumor 166 99.3% 45.41 1.30 -
Involved by tumor 1 0.7% 46.87 0.00

Stage | 25 18.2% 35.07 2.85 0.0001
1l 55 34.4% 43.40 2.25
1l 67 28.3% 48.68 2.06
v 20 19.1% 54.08 3.59

Histology Adenocarcinoma 148 89.9% 46.46 1.36 0.025"
Mucinous adenocarcinoma 15 8.4% 36.31 421
Signet ring cell carcinoma 3 1.2% 29.94 3.57
Undifferentiated carcinoma 1 0.5% 47.39 0.00

Histology Grade G1 Well differentiated 85 51.2% 43.25 1.69 0.26
G2 Moderately differentiated 59 36.8% 48.25 2.46
G3 Poorly differentiated 11 5.5% 40.93 4.70
G4 Undifferentiated 12 6.5% 50.21 5.99

Location Right (ascending) colon 22 13.4% 47.80 4.09 0.23
Hepatic flexure 10 5.1% 50.07 3.23
Transverse colon 18 10.9% 44.36 2.80
Splenic flexure 8 4.3% 55.74 5.75
Left (descending) colon 7 3.3% 50.16 4.59
Rectosigmoid junction 3 1.8% 34.90 1.86
Cecum 34 21.8% 47.13 331
Sigmoid colon 65 39.4% 42.28 2.16
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! Weighted Mean SE of Mean
Parameters N  Weighted Percent PRL 3 PRL3 p-value
Blood/lymphatic vessel Intramural vessel 13 7.5% 44.25 5.94 0.22
invasion
Extramural vessel 8 4.5% 57.00 6.72
Absent 145 87.9% 44.99 1.35
Recurrence No 116 79.6% 46.01 1.54 0.28
Yes 51 20.4% 43.12 2.14
Type of Recurrence Local 3 2.7% 44.38 1.45 <0.0001
Regional 3 2.9% 39.29 231
Distant 45 46.0% 43.29 2.25
Never Disease Free 20 48.4% 54.08 3.59
Chemotherapy No 156 93.2% 44.83 1.34 0.14
Yes 11 6.8% 53.45 5.57
Radiation Therapy No 167 100% 45.42 1.30
Surgery No 1 1.0% 81.20 0.00 -
Yes 166 99.0% 45.07 1.28

- No comparison made due to small sample sizes

A
Comparison Adenocarcinoma vs. Mucinous Adenocarcinoma
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Univariate Cox regression model analyses of Overall survival, Recurrence free survival and Disease specific

survival with PRL3 staining as continuous variable

Overall Survival (OS)

Recurrencefree survival

Disease Specific Survival

RFS) DSS
Parameters RFS) 09
HR (95% CL) p-value HR (95% CL) p-value HR (95% CL) p-value
PRL3 staining 1 unitincrease 101(1-1.02)  0.0589 1'011(8'29)99 - 0077  102(100-1.03) 0.0396
PRL3 category > Median 0.97 (0.66 -1.43) 0.8741  0.96 (0.65-1.41) 0.082 1.04 (0.60 - 1.79) 0.89
< Median 1 1 1
Age > 65 1.68 (1.06 —2.66) 0.0274  1.66 (1.06 — 2.62) 0.028 1.08 (0.61 -1.92) 0.79
<65 1 1 1
Gender Female 1.07 (0.68-1.52) 0.9336 1.01(0.68 - 1.50) 0.98 1.13 (0.65 - 1.95) 0.67
Male 1 1 1
Number of nodes =1 7.16 (4.21 -
positive 2.78(2.07-3.74) <.0001 2.85(2.15-3.79)  <.0001 12.17) <.0001
0 1 1 1
Stage v 22.26 (11.48 - 17.45 (9.33 -
43.17) <.0001 32.65) <.0001 11_71?3 (474;18 _ <0001
11 2.85(1.65-4.91) 3.01(1.74 -5.20) '
1l 1.69 (0.94 - 3.04) 1.70 (0.95 - 3.02)
1
| 1 1
Histology Adenocarcinoma 1.12 (0.65 - 1.93) 0.68 1.11 (0.63 - 1.95) 0.72 1.30 (0.56 — 3.00) 0.55
Mucinous
adenocarcinoma 1 1 1
Histology grade G4 1.51 (0.58 - 3.96) 0.82 1.42 (0.54 -3.77) 0.87 2.06 (0.65 — 6.58) 0.20
G3 1.23(0.41-3.67) 1.18 (0.39 - 3.57) 2.35(0.76 - 7.24)
G2 1.1(0.73-1.71) 1.10 (0.72 - 1.69) 1.61 (0.90 - 2.87)
Gl 1 1 1
Blood/lymphatic Intramural vessel 256 (1.16 -5.66) 0.0008  2.55(1.14-5.67) 0.001 3.98 (1.64-9.66) <0.0001

vessel invasion

Extramural vessel

Absent

422(172-
10.36)

1

5.14 (1.80 -
14.68)

1

6.35 (2.55 —
15.77)

1

G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; G4, undifferentiated
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Multivariate Cox regression model analyses of Overall survival, Recurrence free survival and Disease specific
survival with PRL3 staining as continuous variable

Overall survival (OS)

Recurrencefree survival

Disease specific survival (DSS)

(RFS)
Parameters
HR (95% CL) p-value HR (95% CL) p-value HR (95%CL) p-value
. . 1.00 (0.99 -
PRL3 Staining 1 unit increase 1.00 (0.99 - 1.02) 0.56 1.01) 0.69 1.00 (0.99 - 1.02) 0.76
Age >65 144(0.94-221)  0.094
<65 1
Stage v 275(199-380) <0000l 292 (9256 - <00001 1050 (6.30—17.49) <0.0001
i 1 1 1
Blood/lymphatic 2.02 (1.01-
Sloodymphat Intramural vessel ~ 1.85 (0.93-3.69)  0.051 355 0026  2.41(L06-545)  0.0024
Extramural vessel ~ 2.42 (0.91 — 6.41) 298 (608?9 - 2.60 (1.01 - 6.72)
Absent 1 1 1

J Surg Oncol. Author manuscript; available in PMC 2022 January 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Patients and Colon Tissue Microarray (TMA)
	Antibodies
	Immunohistochemical analysis
	Statistical analysis

	RESULTS
	Characteristic of patients with CRC
	PRL3 expression level serves as a predictive and prognostic biomarker in CRC patients.
	Correlation of PRL3 and phosphorylated Akt expression in human mCRC specimens

	DISCUSSION
	CONCLUSIONS
	References
	Figure 1:
	Figure 2:
	Figure 3:
	Figure 4:
	Table 1.
	Table 2.
	Table 3.

