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Introduction: Podocalyxin-like 1 (PODXL) is an anti-adhesive transmembrane sialomucin whose
expression on the membrane of tumor cells, indicates an integral role in tumor progression.
Objectives: To evaluate prognostic value of PODXL expression in colorectal carcinoma (CRC).
Materials and Methods: Fifty CRC cases were collected randomly from colectomy specimens.
Sections were prepared from paraffin blocks and the slides immunohistochemically stained
with PODXL. Correlations of PODXL expression with other clinicopathological variables and
survival analysis were done.

Results: Fourteen percent of cases showed negative expression for PODXL and 86% showed
positive expression. A statistically significant relationship was detected between high expression
(+3, +4) and patients with stage [V CRC (P=0.001), positive circumferential margin (P=0.006),
and patients with increased CEA after 6 cycles of chemotherapy (P=0.002). No statistically
significant relationship was detected between PODXL expression and lymph node metastasis
(P=0.30) or T stage (P=0.60). A higher median overall survival among cases with negative or
+1 PODXL was obtained compared to lower median survival among cases with +3 and +4 and
the difference is highly significant statistically (P<0.0001).

Conclusion: PODXL was a poor prognostic factor in CRC. PODXL can act as an attractive target

for new strategies in treatment, and predicting prognosis in CRC.

Introduction

Prediction of prognosis in colorectal cancer
is important for the choice of therapeutic
options. Histopathological factors are the
most important in this respect. Factors such
as histological type, degree of differentiation
as well as the presence of lymphovascular
invasion and lymph node involvement are
well known factors that influence outcome
(1). Prognosis is greatly dependent on dis-
ease stage at diagnosis; however, outcome
can widely vary even within the same tumor
stage. Thus, there is a great need for addi-
tional prognostic biomarkers to better iden-
tify patients at high risk of developing me-
tastases (2).

Podocalyxin-like 1 (PODXL) is an anti-ad-
hesive transmembrane sialomucin that is
expressed by normal vascular endothelia,
breast epithelial cells, hematopoietic pro-
genitors, and renal podocytes. It is also a
well-known stem cell marker, and is close-

Key point

Podocalyxin-like 1 (PODXL) is a poor
prognostic factor in colorectal carcinoma
(CRC). PODXL can act as an attractive
target for new strategies in treatment, and
predicting prognosis in CRC.

ly related to stem cell marker CD34 and to
endoglycan (3). PODXL inhibits cell-cell
interaction through charge-repulsive effects
and it is thought to regulate cell morpholo-
gy and adhesion through its connections to
intracellular proteins and to extracellular
ligands (4).

The role of PODXL in cancer was first de-
scribed in testicular cancer. PODXL then
has been found to be overexpressed in nu-
merous cancer types and associated with a
more aggressive tumor phenotype and poor
outcome in breast, prostate, ovarian and
bladder cancer. The poor prognosis seems
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to be conferred by PODXL expression on the membrane
of tumor cells, and predominantly at the invasive tumor
front, further indicating an integral role for this protein in
the progression of some tumors (2). The role of PODXL as
an independent prognostic marker in colorectal carcino-
ma (CRC) has been investigated in several studies (2,3,5).

Objectives

The aim of this work is to evaluate PODXL expression in
CRC followed by correlation of the results with different
clinic-pathologic parameters to evaluate its prognostic
value.

Materials and Methods

This work included 50 cases of CRC obtained through col-
lection of archival paraffin blocks of CRC during the peri-
od from 2009 to 2014, from the pathology lab.

Inclusion criteria were as follow: cases diagnosed as con-
ventional adenocarcinoma, mucoid adenocarcinoma (cas-
es diagnosed upon colonoscopy biopsy were not included
in the study); cases of CRC presented by colectomy spec-
imen; and cases with available data and files in Clinical
Oncology department in Ain Shams University hospitals.

Methods
Positively charged slides were prepared from each paraftin
block for immunohistochemical staining.

Histopathological re-evaluation

Re-examination of all H&E slides was done and the fol-
lowing histopathological features were evaluated;

1. CRC:s were classified according to the World Health Or-
ganization (WHO) classification (2010) into conventional
adenocarcinoma and mucinous adenocarcinoma (6).

2. Histological grading of colorectal adenocarcinomas was
assessed according to WHO grading criteria (2010) and
were divided into well, moderately and poorly differenti-
ated. The percentage of the tumor showing formation of
gland-like structures was used to define the grade. Well-
formed glands are present in >95% of the tumors that are
well differentiated, in 50% to 95% of moderately differ-
entiated tumors, and in 0%-49% of poorly differentiated
carcinomas (7).

3. The depth of tumor invasion, lymph node metastasis,
distant metastasis and staging were assessed according to
TNM staging (2010) (8).

4. Presence or absence of lymphovascular invasion, peri-
neural invasion and circumferential margin involvement
by the tumor.

Immunohistochemical staining for podocalyxin

The sections were deparaffinized in xylene, then were hy-
drated through a series of graded alcohols (95%-70%), dis-
tilled water and phosphate buffered saline (at pH 7.5). The
slides were then immersed in 10mM citrate buffer (pH 6)
and were twice pretreated by microwaving oven 800 w for
4 then 8 minutes. Between each period of heating, evap-
orated fluid was replenished. After a 25 minute cooling

period, the endogenous peroxidase activity was inhibited
by incubation in 3% hydrogen peroxide (H202) for 5 min-
utes. Antigen retrieval was done by immersing the slides in
10 mm citrate buffer, (pH 6), for 10-20 minutes at 100°C in
a microwave followed by cooling at room temperature for
20 minutes. The tissues were blocked with protein block-
ing reagent for 30 minutes to reduce nonspecific staining.
After washing with Tris-buffered saline, the sections were
incubated with the primary antibody for 1 hour at room
temperature. The primary antibody was rabbit polyclonal
antibody, podocalyxin (NBP1-83348), concentrate anti-
body (Novus Biologicals), at a dilution of 1:100 from the
stock. The dilution was based on dilution experiments.
The sections were washed in Tris-buffer and incubat-
ed with avidin-biotin-peroxidase system (DAKO) for 30
minutes. The excess reagent was tapped off and the slides
were washed with PBS and dried. Peroxidase reaction was
detected by addition of diaminobenzidine tetrahydrochlo-
ride. Two or three drops of streptavidin enzyme label were
placed on each slide for 30 minutes at room temperature.
The excess reagent was tapped off and the slides were
washed with PBS and dried. All slides were rinsed well in
tap water for 5 minutes then slightly counterstained with
Mayer’s Hematoxylin for 1-2 minutes and dehydrated in
ascending alcohol. The slides were cleared in xylene for
3 changes, and then Canada balsam and cover slips were
applied.

Evaluation of immunohistochemical expression of
PODXL

PODXL staining was evaluated (4,5) and was recorded as
negative (0) (Figure 1A), weak cytoplasmic positivity in
any proportion of cells (+1) (Figure 1B), moderate cyto-
plasmic positivity in any proportion (+2) (Figure 1C), dis-
tinct membranous positivity in < 50% of cells (+3) (Figure
1D) and distinct membranous positivity in > 50% of cells
(+4) (Figure 1E).

Overexpression of PODXL was considered if the tumor
cells exhibited a distinct membranous staining in any pro-
portion of the cells (+3 and +4). Normal colorectal mucosa
adjacent to the cancers functioned as negative control (5).
A sample of renal tissue and tumor-associated vasculature
served as a positive control in each staining series (3). To
avoid artificial effects, cells in areas with necrosis, poor
morphology or at the margins of sections were not count-
ed. The results of PODXL immunostaining in the tumors
were correlated with collected data from patient files (age,
sex, histopathological type, grade of differentiation, depth
of invasion, lymph node metastasis, vascular invasion,
staging and CEA levels after six cycles of chemotherapy).
Correlations between the pattern of PODXL staining and
histological type, histological grade, depth of invasion &
stage were also done.

Ethical issues

The research followed the tenets of the Declaration of Hel-
sinki. The study protocol was approved by the Ethics Com-
mittee of faculty of medicine of Ain-Shams University.
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Figure 1. (A) A case of well differentiated colonic adenocarcinoma
formed of malignant glands lined by hyperchromatic mild
anaplastic epithelial cells with negative immunohistochemical
expression of PODXL (x200). (B) A case of moderately differentiated
adenocarcinoma with mild focal cytoplasmic staining +1 (x200).
(C) A case of moderately differentiated colonic adenocarcinoma
formed of irregularly sized and shaped glands lined by moderately
anaplastic epithelial cells with tufting and intraluminal papillary
projections, surrounded by desmoplastic stroma showing focal strong
cytoplasmic immunostaining for PODXL without membranous
staining 2+ (x200). (D) Moderately differentiated adenocarcinoma
with moderate anaplasia with muscle layer infiltrated, showing focal
strong positive cytoplasmic and membranous immunostaining for
PODXL 3+ (x200). (E) Moderately differentiated adenocarcinoma
infiltrating muscle fibers with diffuse strong immunostaining for
PODXL mainly membranous 4+ (PODXLx200).

Statistical methods

Data was revised for its completeness and consistency.
Double data entry on SPSS program version 16 was done.
Quantitative data was summarized by mean, standard de-
viation (SD) while qualitative data was summarized by
frequencies and percentages. Chi-square test, Spearman’s
correlation coefficient test, Student ¢ test, Kaplan-Mei-
er survival analysis were used in analysis of this paper.
A “P value” of less than 0.05 was considered statistically
significant.

Results

This study is a retrospective analytic cross section study,
conducted on 50 CRC cases collected randomly from col-
ectomy specimens sent to pathology lab of Ain-Shams
University hospitals. Ages of the patients ranged from 21
to 75 years with mean age 49.1 + 11.9 years. Twenty-four
cases (28%) were below the age of 40. Thirty-two cas-
es (64%) were females while 18 cases (36%) were males.
Thirty-eight out of 50 cases (76%) were conventional ade-
nocarcinomas, 13 cases (24%) were mucinous adenocarci-
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nomas. The tumors located in left side were higher in inci-
dence (representing 70% of cases) than tumors located in
right side. Median follow up in all patients was 11 months,
(range 3-40 months). As regards the degree of differentia-
tion, the most common was moderately differentiated ad-
enocarcinoma (66%), well differentiated adenocarcinoma
(18%), while poorly differentiated type represented (16%)
of cases.

CRC cases metastasized to lymph nodes representing
(52%) of all cases. Most of the cases (78%) were infiltrat-
ing into sub-serosa or perirectal tissue (T3), 6% were T4,
while the remainder were T2. No T1 was presented. Stage I
was presented in 10% of cases, stage IT 16%, stage III 26%,
while stage IV was the highest presenting 48% of the cases.
In the studied CRC cases, the percentage of carcinomas
with negative CRM was presenting (88%) of the cases,
while 12% were positive margins.

NB: Negative CRM include cases in which the tumor is
located >1 mm away from the non peritonealized surface.
Regarding immunohistochemical expression of PODXL,
+4 PODXL expression was the highest representing 28%
of the studied cases (Table 1). The correlation of studied
parameters with PODXL revealed a higher percentage of
+3, +4 PODXL expression in patients with stage IV colon
cancer, positive CRM, metastasis, mortality, and patients
with increased CEA after 6 cycles of chemotherapy com-
pared to other cases and the correlation is highly signifi-
cant statistically with these parameters (Table 2).

There was a higher median overall survival among cases
with negative or +1 PODXL compared to lower medial
survival among cases with +3 and +4 and the difference is
highly significant statistically (Table 3) (Figure 1A). Also
there was a higher median survival time among cases with
decreased CEA after 6 cycles of chemotherapy compared
to cases with increased level and the difference is highly
significant statistically (Table 4) (Figure 1B).

Discussion

The aim of the current study was to evaluate the expression
of PODXL in 50 cases of CRC immunohistochemically
followed by correlation with clinicopathological variables.
As regard the immunohistochemical expression of PODXL
in this study, 14% of the studied cases showed negative ex-
pression for PODXL while 86% showed positive expres-
sion (18% were +1, 16% were +2, 24% were +3 and 28%
were +4). These results were different from those obtained
from Larsson et al as they reported negative expression of
PODXL in 75.3% of cases (2).

In this study no statistically significant association be-

Table 1. Distribution of PODXL expression in the studied cases

N =50 Number %
PODXL
Negative 7 14.0
+1 9 18.0
+2 8 16.0
+3 12 24.0
+4 14 28.0
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Table 2. Correlation between tumor characters and PODXL expression

0 +1 +2 +3 +4 X2 P
No. (%) No. (%) No. (%) No. (%) No. (%)
Stage 0.001
I, N=5 1(20.0) 2 (40.0) 2 (40.0) 0 0
1, N=8 3(37.5) 3(37.5) 2 (25.0) 0 0 32.3
11, N=13 3(23.1) 4 (30.8) 1(7.7) 3(23.1) 2(15.4)
IV, N=24 0 0 3(12.5) 9 (37.5) 12 (50.0)
T stage 0.09
T2, N=8 1(12.5) 337.5) 2 (25.0) 1(12.5) 1(12.5) 13.5
T3, N=39 6 (15.4) 6 (15.4) 6 (15.4) 8 (20.5) 13 (33.0)
T4, N=3 0 0 0 3 (100) 0
Metastasis 0.000
MO, N=26 7 (26.9) 9 (34.6) 19.2) 311.5) 2(7.7) 26.6
M1, N=24 0 0 2.5) 937.5) 12 (50.0)
Type of tumor 0.5
Adenocacrcinoma, N=38 7 (18.4) 7 (18.4) 5.8) 923.7) 9(23.7) 3.2
Others, N=12 0 2(16.7) 3(25.0) 5(41.7)
LN 0.01
NO, N=24 4(16.7) 5(20.8) 5(20.8) 3(12.5) 7 (29.2) 18.7
N1, N=17 3(17.6) 4(23.5) 2(11.8) 2(11.8) 6 (35.3)
N2, N=9 0 0 1(11.1) 7 (77.8) 1(11.1)
Margin 0.006
Negative, N=44 7 (15.9) 9 (20.5) 8(18.2) 11 (5.0) 9 (20.5) 10.8
Positive, N=6 0 0 1(16.7) 5(83.3)
Grade 0.000
1, N=9 3(33.3) 3(33.3) 1(11.1) 2(22.2) 0 29.1
2, N=33 4(12.1) 6(18.2) 7 (21.2) 10 (30.3) 6(18.2)
3, N=8 0 0 0 8 (100.0)
Survival 0.000
Living, N=24 7 (29.0) 9 (37.5) 5(20.8) 3(12.5) 0 45.1
Dead, N=26 0 0 3(11.5) 9 (34.6) 14 (53.8)
CEA level 0.002
Decreased, N=22 6(27.3) 6(27.3) 6(27.3) 14.5) 3(13.6) 17.0
Increased, N=25 1(4.0) 3(12.0) 2 (8.0) 11 (44) 8(32.0

Chi square test: * P<0.05 Significant, ** P<0.01 highly significant.

Table 3. Correlation between PODXL results and the median overall
survival of patients with CRC*

Kaplan-Meier product estimates®

PODXL Median SE
0, N=7 36 7.4
+1, N=9 30 12.7
+2, N=8 20 4.2
+3, N=12 9 0.8
+4, N=14 6 0.9

2P<0.01 Highly significant
"Log rank test: 43.1; P=0.000

Table 4. Correlation between pattern of CEA after 6 cycles of
chemotherapy and the median overall survival of patients with CRC®

Kaplan-Meier product estimates

CEA pattern Median  SE  Log rank test P
Increased, N=25 8.0 0.6 18.6 0.000
Decreased, N=22 20.0 7.6

2P<0.01 Highly significant

tween PODXL expression and LN (P=0.3) as well as the
T-stage (P=0.6) of the tumor. This was in accordance
with Larsson et al who detected the same findings (2). In
contrast to the current study, the study of Larsson et al
revealed a strong correlation between high PODXL ex-
pression and more advanced T-stage (P<0.001), N-stage
(P<0.001) (5).

The variability of this data can be explained either by dif-
ferences in patient selection or technical variability in the
performance of THC staining. It is widely accepted that
THC analysis is vulnerable to differences in tissue fixation,
processing, in choice of primary antibody, detection sys-
tem, epitope retrieval, interpretation and reporting (9).

A statistically significant positive correlation was detected
between high PODXL expression (+3, +4) and advanced
stage of tumor (P=0.001), metastasis (P=0.001) and mor-
tality (P=0.001). This observation might be due to the fact
that PODXL has been shown to interact with mediators
of metastasis and to play an important role in epitheli-
al-mesenchymal transition (EMT), a process involved in
initiating the invasive and metastatic behavior of epitheli-
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al cancer cells, by regulating and interacting with collagen
type 1, E-cadherin and vimentin (4).

Analysis of the association between PODXL and CRM re-
vealed a strong association (P=0.003). This finding could
be explained by the fact that when overexpressed at high
concentration, PODXL can drive epithelial cell morpho-
genesis and trigger intracellular cytoskeletal rearrange-
ments, reduce adhesion to extracellular matrix and adja-
cent cells and facilitate cell shedding which in turn facili-
tate local spread. Moreover, a high expression of PODXL
has been recorded in TGF-b induced EMT indicating that
PODXL has an integral role in cancer progression (10,11).
A highly statistically significant correlation between high
PODXL expression and CEA levels after 6 cycles of che-
motherapy was attained (P=0.002). It was reported that
CEA is elevated in cases with liver metastasis as it is known
to be metabolized in the liver; that is why serum CEA is el-
evated in cases of impaired liver function (12). This associ-
ation between elevated CEA and high PODXL expression
can be explained by supposing that PODXL may be me-
tabolized in the liver too; as in our cohort most of patients
with stage IV who were presented by liver metastasis had
high PODXL expression. But we did not find in literature a
clear evidence about PODXL metabolism. Another expla-
nation for this association is due to the novel finding that
CEA is an E- and L-selectin ligand (13) and it was found
that PODXL expressed by CRC cells can support E- and
L-selectin-mediated adhesion and selectin-mediated in-
teractions in the vasculature promote metastatic spread by
facilitating circulating tumor cell binding to selectin-ex-
pressing host cells (14). It is obvious that both CEA and
podocalyxin have same mechanism of action in cancer
progression. Further studies on this issue as well as investi-
gations on the molecular interaction between PODXL and
CEA in progression of CRC are recommended.

Our study also showed a higher median survival time
among cases with decreased CEA compared to cases with
increased level after 6 cycles of chemotherapy and the dif-
ference is highly significant statistically (P=0.001). Simi-
lar results obtained from the study of Luo et al (P=0.001)
(15). Several studies have shown that patients who ex-
hibited a decrease in CEA while on chemotherapy had a
better overall survival compared with those whose CEA
concentrations failed to decrease and College of Ameri-
can Pathologists Expert Groups ranked preoperative se-
rum CEA concentration as a category I prognostic marker
for colorectal cancer (Category I factors include those —
definitely proven to be of prognostic important based on
evidence from multiple statistically robust published trials
and generally used inpatient management) (12).

The current study showed a higher median overall sur-
vival among cases with negative or +1 PODXL (36 and 30
respectively) compared to lower medial survival among
cases with +3 (9) and + 4 (6) and the difference is highly
significant statistically (P=0.001). Larsson et al revealed
that PODXL expression correlated with a significantly
shorter OS (overall survival), with the worst outcome for
tumors with high PODXL expression (P=0.001) (5). Since
podocalyxin was supposed to have a functional role in tu-

Podocalyxin and colorectal carcinoma

mor progression, it was suggested that can be a target for
monoclonal antibody therapy (16).

There are several challenges to overcome in the develop-
ment of PODXL-targeted therapies for the treatment of
high-risk primary tumors or treatment of systemic can-
cers. First, we do not yet know if the high PODXL expres-
sion detected on primary tumors is maintained on met-
astatic tumor cells. Second, any PODXL-targeted thera-
pies must carefully consider potential renal and vascular
toxicity since PODXL is highly expressed on glomerular
podocytes and on most vasculature. Fortunately, there
are several examples of uniquely modified, tumor-spe-
cific forms of PODXL. These provide feasible targets for
antibody-based drugs that are either directly oncolytic or
block PODXL mediated functions without affecting the
function of normal cells (11).

Conclusion

*  Immunohistochemical expression of PODXL can act
as a prognostic marker to predict poor outcome of pa-
tients with CRC.

* PODXL plays a role in both local and distant tumor
spread.

*  There is a link between PODXL and CEA through
mechanism of action and metabolism which needs
further investigations.

* PODXL acts as attractive target for the development
of new strategies in the diagnosis and treatment of
CRC in order to reduce the invasive and metastatic
potential of CRC.
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