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Abstract

Background—Colorectal cancer remains the second leading cause of death in the United States
despite improvements in incidence rates and advancements in screening. The present study
evaluated the prognostic value of two tumor markers, MET and ROCK I, which have been noted
in other cancers to provide more accurate prognoses of patient outcomes than tumor staging alone.

Materials and Methods—\We constructed a tissue microarray from surgical specimens of
adenocarcinomas from 108 colorectal cancer patients. Using immunohistochemistry, we examined
the expression levels of tumor markers MET and ROCK I, with a pathologist blinded to patient
identities and clinical outcomes providing the scoring of MET and ROCK | expression. We then
used retrospective analysis of patients’ survival data to provide correlations with expression levels
of MET and ROCK 1.

Results—Both MET and ROCK | were significantly over-expressed in colorectal cancer tissues,
relative to the unaffected adjacent mucosa. Kaplan-Meier survival analysis revealed that patients’
5-year survival was inversely correlated with levels of expression of ROCK I. In contrast, MET
was less strongly correlated with five-year survival.

Conclusion—ROCK | provides better efficacy in predicting patient outcomes, compared to
either tumor staging or MET expression. As a result, ROCK | may provide a less invasive method
of assessing patient prognoses and directing therapeutic interventions.
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The third most common cancer in both men and women, colorectal cancer, is also the second
leading cause of cancer-related deaths in the United States (1). In addition, while the rates of
colorectal cancer have declined modestly over the past twenty years, the rate of colorectal
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cancer-related deaths has remained virtually leveled over the same period (2). The best
predictor of survival in colorectal cancer lies in early diagnosis, with 89.8% of patients
diagnosed with Stage | colorectal cancer surviving for five years, compared to an overall 5-
year survival rate of 64.7% (2). While the identification of tumor stage is most closely tied
to better patient survival, the tumor stage alone provides only a crude measure of patient
prognosis. A third of patients with tumor stages | or Il -who should theoretically have a good
prognosis- die within five years from local relapse or distal metastases (3). In contrast, some
patients with voluminous masses and tumor stage 111 have better prognoses than some
patients with tumor stage I colorectal cancer (4, 5). Fortunately, tumor markers provide more
accurate indications of prognostic outcomes, including MET and ROCK | (6).

In particular, MET has proven to be a valuable indicator of prognostic outcomes. MET is
valuable in wound healing in the skin (7), as well as for liver regeneration (8). However,
over-activation of the MET receptor can induce cells to survive in the bloodstream without
anchorage, extravasate and colonize new territories giving rise to intensive cell proliferation
and, as a result, a metastatic lesion. Consequently, MET over-expression is associated with
advanced tumor stages and poor patient survival, especially in breast, head and neck cancers
(10, 11). Nevertheless, researchers have also identified MET as lacking a strong correlation
between tumor grade and staging (12). In addition, studies have failed to establish a
correlation between MET over-expression and disease recurrence (13). Perhaps most
significantly, studies have also demonstrated MET as a relatively poor prognostic indicator
of five-year survival outcomes in colorectal cancer (3, 11).

Another tumor marker, ROCK I, has shown promise in strong correlations between over-
expression of ROCK | and poor patient survival outcomes in breast cancer (14). ROCK I, a
protein kinase, belongs to the family of Rho GTPases that regulate gene transcription and
adhesion (15). A downstream effector of Rho GTPase, ROCK 1, is also a key regulator of the
actin cytoskeleton, which plays a substantial role in the behavior of cancer cells (16). Over-
expression of ROCK | may contribute to tumor angiogenesis (17), as well as to progression
of tumors in bladder (18) and ovarian cancer (19). In addition, ROCK | has an association
with tumor progression in colorectal cancer (20). Based on its over-expression in other
cancers, we aimed to compare ROCK | and MET in the accuracy under which each tumor
marker predicted patient outcomes. We hypothesized that ROCK | would prove at least as
valuable a prognostic indicator of patient survival in colorectal cancer as the better-known
tumor marker, MET.

Materials and Methods

Colorectal cancer tissue microarray preparation and clinical data collection

The colorectal cancer tissue microarray (TMA) was prepared using tissues collected from
surgical specimens of 108 colorectal cancer patients in the Department of Pathology,
University of Illinois at Chicago (UIC). Slides were arrayed with triplicate colonic tissue
sections and included cores from normal tissues and adenocarcinoma. Four to eight cores
were arrayed per patient. Patient survival data were obtained through the review of
electronic records of patients listed on the UIC cancer registry. The Institutional Review
Board (IRB) at UIC provided approval for this study.
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Immunohistochemistry

Antibodies

The tissue microarray slides were hydrated through various xylene and alcohol gradients of
100%, 95%, 95% and 80%, then incubated with 3% hydrogen peroxide for 20 min. Antigen
retrieval used a 10X concentrated retrieval solution (Cat#S1699; Dako, Carpinteria, CA,
USA), then followed by incubation with primary antibody: anti-ROCK | antibody (1:50) or
anti-MET antibody (1:100) for 60 minutes and treated with Biotinylated Link (Cat#K0679;
Dako, Carpinteria, CA, USA) for 10 min, Streptavidin-HRP (Cat# K0679; Dako,
Carpinteria, CA, USA) for 10 minutes, with all treatments at room temperature. Next, slides
were incubated with 3,3’-diaminobenzidine (DAB) substrate (CAT#SK-4100; Dako,
Carpinteria, CA, USA) and counterstained with hematoxylin, followed by dehydration
through an alcohol gradient (95%, 100%, 100% and 50%) and xylene and mounting with
Permount.

Anti-ROCK 1 antibody (C-19; catalog number: SC-6055) and anti-MET antibody (C-12;
catalog number: SC-10) were purchased from Santa Cruz Biotechnology (Dallas, Texas,
USA).

Histopathological examination of tissue microarray slides

TMA slides were evaluated under a light microscope by a pathologist from the Department
of Pathology at UIC, blinded to any corresponding patient information or clinical outcomes.
The staining intensity was scored from 0 to 3. The score for normal and tumor tissues of
each tissue sample was used for the assignment of protein expression level groups: low (0-
1), medium (1-2) and high (2-3). These data were further used for correlative analysis.

Statistical analysis

Results

Data were analyzed using the GraphPad Prism 5 software from GraphPad Software, Inc. (La
Jolla, CA, USA). Kaplan-Meier survival analysis (log-rank test) evaluated the correlation of
ROCK | and MET expression with patient survival. In addition, the Student’s t-test
compared mean expression levels of ROCK | and MET.

ROCK | and MET are over-expressed in colorectal cancer tissues

Out of the 108 patients analyzed, 107 patients had positive tumor markers for ROCK |
(97.3%), with 92 patients having positive tumor markers for MET (83.6%). After
histopathological examination of the TMA slides and scoring of the immunostaining
intensity of ROCK I and MET proteins, we plotted data to evaluate differences in relative
expression of ROCK | and MET between control and cancer tissue samples. Significantly,
the data confirmed that both ROCK | and MET were over-expressed in colorectal cancer,
relative to adjacent, control mucosa (Figure 1). Under this setting, MET had slightly more
elevated expression values at 41% over control tissues, with ROCK | having only slightly
less elevated expression at 37% in cancer tissues, compared to controls.
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Expression levels of ROCK | provide associations with cancer staging

With both ROCK | and MET, positive immunostaining in TMA samples enabled the
pathologist to score each cancer tissue samples (low, 0-1; medium, 1-2; high, 2-3), as
shown in Figure 2. We then correlated the expression of ROCK | and MET with tumor
staging data available on 100 out of the 108 patients. Surprisingly, out of the two patients
with tumor Stage 0, one patient had no detectable level of either ROCK | or MET
expression, while the other had no expression of MET but a high expression of ROCK 1. In
tissue samples of patients identified with Stage I colorectal cancer, ROCK | had low
expression in 31% of samples and medium expression in 69% of samples. Notably, no
patient with Stage | had high expression of ROCK 1 in their tissue samples. As demonstrated
in Figure 3, Panel A, in patients identified with Stage |1 colorectal cancer, ROCK | had low
expression in 18% of patients, medium expression in 59% and high expression in 23% of
patients. Likewise, in Stage 111, ROCK I seemed to follow a similar pattern with 39% of
patients with low expression, 44% of patients with medium expression and 17% of patients
with high expression. However, for patients with Stage 1V, the results fail to follow the
pattern established in Stages I-111. Instead, 20% of patients had low expression of ROCK |,
with 52% having medium expression of ROCK | and only 28% of patients having high
expression of ROCK 1, despite the obvious changes to tumor progression. In contrast, further
analysis did reveal a significant increase in mean expression levels of ROCK I in Stage IV
compared to Stage | (Figure 3, Panel B).

MET expression provides similar associations with ROCK | in cancer staging

MET expression in tissue samples, likewise, provided some correlation with cancer staging,
following a similar pattern to ROCK | expression. As seen in Figure 3, Panel C, in Stage I,
44% of patients had low MET expression compared with 56% at medium levels - and no
patient showing high MET expression. Stage |l patients’ MET expression levels were
likewise similar to those seen with ROCK I. Fifty percent of patients with Stage Il had low
levels of MET expression, compared to 44% with medium and 6% with high expression. At
Stage 111, 43% of patients had low MET expression, 48% with medium and 9% of patients
with high levels. Again, as with ROCK 1, in Stage 1V patients, 28% had low expression of
MET, 56 medium level expression and only 16% had high expression. However, as with
ROCK I, further analysis revealed increased mean expression levels of MET (Figure 3,
Panel D) in tumor Stage IV over Stage .

ROCK | provides stronger correlation with patient survival than MET

Kaplan-Meier analysis examined the potential correlation between ROCK | and MET
expression levels and colorectal cancer patient survival. Patients had poorer prognoses
correlated with ROCK | expression level groups, with low expression (n=12), medium
(n=40) and high (n=12) having outcomes inversely correlated with their level of ROCK I
expression within the 5-year follow-up period. Notably, the ROCK | high-expression group
had the poorest survival rates, compared to those of patients in the low-ROCK | expression
group (p=0.037) (Figure 4, Panel A).

In contrast, MET was less strongly associated with patient survival, with associations made
more problematic by the interchangeability of medium and low levels of MET expression in
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5-year patient survival outcomes (Figure 4, Panel B). In contrast, high MET expression
(n=7) was more straightforwardly associated with decreased patient survival, compared to
medium (n=29) and low survivals (n=28) (£=0.08).

ROCK I is highly correlated with poor patient survival

ROCK I was most highly correlated with 5-year patient survival. Among the 64 patients who
died during the 5-year follow-up, the mean ROCK | expression level was significantly
higher in the non-survival group over the 44 patients who survived within the same period
(Figure 5). In contrast, no significant difference in mean MET expression levels
distinguished the survival and non-survival groups within the 5-year follow-up period.
Ultimately, we used multivariate Cox proportional hazards model analysis to examine the
survival and tumor staging data in combination with ROCK | expression levels. This
analysis established a negative association among ROCK | expression, tumor stage and
patient survival during the standard 5-year follow-up for cancer patients. The hazard ratio for
tumor staging was 1.7, while the hazard ratio for ROCK I expression was 2.7 (Table I).

Discussion

This study is the first to demonstrate that ROCK 1 has greater efficacy than MET in
predicting patient outcomes and survival in colorectal cancer. In the present study, strikingly,
high levels of ROCK | expression were correlated with lower patient survival during five-
year follow-up, thus providing more reliable prognostic indicators of patient survival than
either tumor staging or the biomarker previously commonly used to predict disease
progression, MET.

These findings support studies identifying the over-expression of ROCK | with a variety of
cancers. In particular, recent clinical studies have found that ROCK | expression is
significantly correlated with degree of lymph node metastasis in gastric cancer (21). In
addition, ROCK | is highly expressed in pancreatic cancer tissues (22). Furthermore,
consistent with this study’s findings, expression of ROCK | is much higher in breast cancer
tumor tissues, compared with normal tissues, while high levels of ROCK expression were
similarly significantly correlated with shorter survival in patients with breast cancer (14). In
addition, high levels of expression of ROCK | also correlated with decreased patient survival
in osteosarcoma (16).

ROCK | may play a key role in cancer metastasis through multiple factors. First, ROCK I
signaling may contribute to morphological changes and metastasis of some tumor cells that
reduce associations between tumor cells, enabling movement and penetration of tumor cells
by endothelial cells, thus bringing about neovascularization (17). Second, high levels of
ROCK I drive cortical actomyosin contraction, creating the rounded morphology consistent
with some invasive cancer cells, as well as increased cellular motility (23). Third, ROCK |
may also be involved in the adhesion of tumor cells to the vascular endothelium and invasion
of tumor cells into the host tissue, all crucial steps in cancer metastasis (24).

This study provides preliminary evidence that ROCK | may prove to be a valuable
biomarker in assessing patient outcomes in colorectal cancer. Other studies have found that
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inhibition of ROCK | may even lead to promising therapeutic targets in the treatment of
pancreatic ductal adenocarcinoma and inflammatory breast cancer (25). Further studies of
larger patient populations and of the specific roles played by ROCK I in the progression of

co

lorectal cancer may equip clinicians to better identify patient prognoses from minimally

invasive tissue samples and also provide better-informed interventions based on levels of
ROCK | expression in tissues. Ultimately, ROCK I provides more accurate indication of
patient survival than either over-expression of MET or even tumor staging.
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Figure 1.
ROCK | and MET proteins are over-expressed in colorectal cancer. Following

immunostaining intensity scoring of the tissue microarray slides, the scoring data obtained
from four to eight available cores per patient for ROCK I (Panel A) and MET (Panel B)
expression, were analyzed. Both proteins were significantly over-expressed in colorectal
cancer tissues compared to the normal, adjacent control tissues.
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microarray slides were prepared with primary antibodies specific for ROCK | and MET.
Representative images of the immunohistochemistry results for ROCK | (Panel A) and MET
(Panel B) are shown. Intensity of staining is labeled as 0 (no staining detected), 1, 2 or 3

(high intensity) on the upper part of each picture.
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Figure 3.

Stratification of ROCK | and MET expression in different stages of colorectal cancer.
According to the protein expression levels determined through evaluation of cancer tissue
staining, each patient was assigned to one of three groups: low, medium or high expression
level. Panel A shows tumor stage (I, Il, 111 and IV) stratification of ROCK | expression
groups. Panel C displays MET expression groups, while Panels B and D present the mean
expression data per tumor stage of ROCK | and MET, respectively. The asterisk indicates a
significant mean expression difference as determined by the Student’s t-test.
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Figure 4.
Correlation of five-year survival of colorectal cancer patients with protein expression levels.

Kaplan-Meier plots show the results of the five-year survival of 108 colorectal cancer
patients, stratified by protein expression levels. The correlation of expression levels (low,
medium and high) of ROCK | (Panel A) and MET (Panel B) with 5-year colon cancer
survival are shown. The asterisk denotes a significant difference between ROCK I high
expression and low expression levels of 5-year survival. The p-values are generated from the
comparisons of the low or medium with the high expression group.
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Figure5.
Higher ROCK | mean expression level in the non-survival group relative to survival group.

After a five-year follow-up period, 64 patients died (non-survival/dead group), whereas 44
patients survived (survival group). ROCK | mean expression was calculated for both groups
and a significant difference between survival and non-survival groups, as indicated by the
asterisk, was determined.
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Table I.

Cox proportional hazards model (multivariate) analysis of protein expression levels, tumor stage and patient
survival.

Parameter Hazardratio p-Value

ROCK | 2.682 0.0013
MET 0.618 0.0465
Stage 1.665 0.0002
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