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Hypothalamic growth hormone (GH)-releasing hormone (GHRH) regulates the release of GH from the pituitary gland. The
receptors for GHRH (GHRH-R) are expressed predominantly in the pituitary. Recent evidence demonstrates that splice vari-
ants of the GHRH receptor are also expressed in several nonpituitary tissues, both normal and tumoral, as well as in cancer
cell lines. The aim of this study was to investigate the expression of the splice variant 1 (SV-1) of GHRH-R in colorectal cancer
(CRC). Seventy patients who underwent partial colectomy for CRC were enrolled in the study. Immunohistochemical ex-
pression of SV-1 was studied in paraffin-embedded sections of patient tumor tissue. A cytoplasmic supranuclear expression
of SV-1 was observed in CRC as well as in the normal colon mucosa. Tumor grade and pathological stage were negatively
correlated with expression of SV-1 (P = 0.012 and P = 0.013, respectively). CRCs metastatic to the liver showed a lower ex-
pression of SV-1 than did primary tumors, but this difference was not statistically significant. Kaplan-Meier and Cox univariate
survival analyses indicated an improved survival time in patients with high SV-1 compared with those with low GHRH-R ex-
pression, but this difference was not statistically significant. The immunohistochemical expression of SV-1 seems to be a fa-

vorable prognostic factor in CRC.

© 2009 The Feinstein Institute for Medical Research, www.feinsteininstitute.org

Online address: hitp://www.molmed.org

doi: 10.2119/molmed.2008.00132

INTRODUCTION

Colorectal cancer (CRC) is globally the
third most common malignancy among
adults, and the fourth leading cause of
cancer-related deaths after lung cancer
(1,2). Recent studies indicate the involve-
ment of growth factors in the tumorigen-
esis of various human tumors, including
breast, uterine, endometrium, ovary,
prostate, and lung as well as gastroen-
teropancreatic cancers (2—4).

Growth hormone (GH)-releasing hor-
mone (GHRH) is a 40-44 amino acid
hypothalamic peptide that regulates the
secretion of GH from the anterior pitu-
itary gland (5). In addition to having
neuroendocrine action, GHRH acts di-
rectly on a variety of peripheral tissues
and tumors and induces cell prolifera-
tion (6). These effects of GHRH and its
antagonists are mediated in many tu-
mors by a splice variant of GHRH-re-
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ceptor (GHRH-R) designated SV-1. SV-1
differs from the pituitary GHRH-R in a
small portion of its amino-terminal re-
gion. Many antagonistic analogs of
GHRH have been synthesized (2,5,7,8).
These analogs inhibit tumor growth by
blocking GH and hepatic secretion of
insulinlike growth factor 1 (IGF-1), as
well as by suppressing the synthesis of
tumoral autocrine/paracrine IGF-1
and/or IGF-II (8-11), and by blocking
the effects of autocrine GHRH on
tumors.

The aim of the present work was
to study the immunohistochemical
expression of SV-1 in surgical speci-
mens of human CRCs and investigate
the prognostic significance of this
expression.



Table 1. Distribution of SV-1 and other numerical clinicopathological variables of the study.

Median gquartile value

Variable n Mean + SE Range 25th 50th 75th
SV-1 12564119 0-299 5.0 122.5 221.2
Patient age, years 70 69413 42-91 62.0 71.0 77.0
Tumor size, cm 70 521 +£0.26 0.90-14.00 3.50 5.00 6.25
Follow-up, months 45 26.7£3.5 1.0-58.0 12.0 23.0 41.0
Overall survival, months 45 422 +27 1.0-64.0 23.0 53.0 57.0
MATERIAL AND METHODS tients (15%); the data on liver metastasis

Patients and Material

Included in the study were 70 patients,
39 males and 31 females, median age 71
(42-91) years, who underwent partial
colectomy for CRC of median size 5 cm
(range 0.9-14 cm). Tumors were graded
according to the WHO grading system; 6
of 70 (8.5%) of the CRC tumors were well
differentiated, 44 of 70 (63%) were mod-
erately differentiated, and 20 of 70
(28.5%) were low differentiated adeno-
carcinomas. Of the 70 CRCs, 10 (14%)
were confined to the mucosa and the
submucosa, 6 (9%) had invaded the mus-
cle wall without penetrating it, and 54
(77%) had infiltrated the pericolic fat. Re-
gional lymph-node metastases were ob-
served in 37 of 70 (53%) cases. Liver
metastasis was reported in 10 of 68 pa-
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were insufficient for 2 patients. The me-
dian follow-up period, available for 45
patients, was 53 months (range, 1-64
months). Death occurred in 22 of 45 pa-
tients (49%). The median overall survival
was 23 months (range 1-58 months)
(Table 1, Figures 1-5).

Immunohistochemical Methods

A rabbit antiserum to SV-1 batch
number JH 2317/5 raised in the labora-
tory of AV Schally’s group was used
(12). The immunohistochemical staining
was performed on 3-um-thick paraffin
sections of tissues fixed in buffered for-
malin. Staining procedures included de-
paraffinization in warm xylene for 5

400

p=0.013

300

SV-1

100

Mucosa-submucosa Muscle wall Pericolic fat

Tumor invasion

RESEARCH ARTICLE

400
p=0.18, NS
300
3200
100
0
N= 33 37
No Yes

Lymph Nodes metastasis

Figure 1. Correlation between SV-1 im-
munohistochemical expression and colo-
rectal cancer differentiation. The box plot
lines display the 5th, 25th, 50th, 75th, and
95th percentiles. The bold lines represent
the median value (50th percentile) for
each patient’s cohort. P value was calcu-
lated with the Kruskal-Wallis test.

Figure 2. Correlation between SV-1 im-
munohistochemical expression and colo-
rectal cancer invasiveness. The box plot
lines display the 5th, 25th, 50th, 75th, and
95th percentiles. The bold lines represent
the median value (50th percentile) for
each patient’s cohort. P value was calcu-
lated with the Kruskal-Wallis test.

Figure 3. Correlation between SV-1 im-
munohistochemical expression and lymph
nodes metastasis in colorectal cancer. The
box plot lines display the 5th, 25th, 50th,
75th, and 95th percentiles. The bold lines
represent the median value (80th percen-
tile) for each patient’s cohort. P value was
calculated with the Mann-Whitney U test.
NS, nonsignificant.
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Figure 4. Correlation between SV-1 im-
munohistochemical expression and liver
metastasis in colorectal cancer. The box
plot lines display the 5th, 25th, 50th, 75th,
and 95th percentiles. The bold lines repre-
sent the median value (60th percentile)
for each patient’s cohort. P value was cal-
culated by the Mann-Whitney U test. NS,
nonsignificant.
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Figure 5. Correlation between SV-1 im-
munohistochemical expression in colorec-
tal cancer and overall survival (OS) of the
patients. Cum, Cumulative.

min with two changes of xylene at room
temperature, followed by rehydration
by transfer through graded alcohols and
then rinsing with distilled water. The
Trilogy antigen retrieval system (Cell
Marque, Rocklin, CA, USA) was used
for 1 h to expose the antigen epitopes.
After being kept for 20 min at room
temperature and then rinsed with dis-
tilled water, the sections were placed in
3% H,0, for 10 min in darkness. Then
the sections were washed with tap
water, dipped twice for 5 min in Tris
buffer saline (TBS), incubated with the
SV-1 polyclonal antibody (1:3000) for 30
min, rinsed with TBS for 10 min, and
then incubated with the Envision detec-
tion system peroxidase/DAB+, Rabbit/
Mouse (Dako Cytomation, Glostrup,
Denmark) for 30 min. This procedure
was followed by rinsing with TBS for

10 min, incubation in diaminobenzidine
solution for 10 min at room tempera-
ture, and rinsing with tap water. The
sections were then counterstained with
hematoxylin, dehydrated, cleared in xy-
lene, and mounted. We performed nega-
tive controls by omitting the primary
antibody or by replacing the antibody
with nonimmune serum. With both con-
trol preparations no immunohistochem-
ical staining occurred, suggesting the
specificity of our immunohistochemical
staining.
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Figure 6. (A, B) Normal colon mucosa with supranuclear SV-1 immunohistochemical ex-
pression (arrows); (C, D) well-differentiated colorectal cancers with extended grade 3
SV-1 immunohistochemical expression (arrows) (all magnifications 400x, except A 200x)

118 x 88 mm (300 x 300 DPI).

Evaluation of Immunohistochemical
Staining

Cytoplasmic, mainly supranuclear SV-1
immunohistochemical expression domi-
nated the absorptive cells of normal
colon mucosa. Goblet cells also showed a
cytoplasmic, mainly supranuclear stain-
ing, whereas most mucin droplets re-
mained unstained. The immunostaining
in CRCs was also cytoplasmic, and was
evaluated as grade 1, weak intensity
with sparse distribution; grade 2, moder-
ate intensity with dense distribution or
strong intensity with sparse distribution;
and grade 3, strong intensity with dense
distribution. The percentage of each ex-
pression was measured in every tumor
section and multiplied by 1, 2, and 3, re-
spectively. A final SV-1 immunoexpres-
sion score between 0 and 300 for each
case was obtained from the sum of the
three products.

Statistical Analysis

Because the distribution of SV-1 ex-
pression levels in the CRC patients was
not Gaussian, analysis of the differences
in the two or three groups of patients
was performed with the nonparametric
Mann-Whitney U test or the Kruskal—-
Wallis test, respectively. We assessed the

relationships between different variables
by using the Spearman correlation coeffi-
cient. The X-tile algorithm was used to
generate an optimal cutpoint for SV-1,
because it has no established cutpoints
regarding its expression in CRC. After
we corrected for the use of minimum
P-value statistics, the X-tile software
yielded an optimal cutoff, equal to the
25th percentile, with a calculated Monte
Carlo P value < 0.05. We also performed
survival analyses by constructing
Kaplan-Meier curves. Differences be-
tween curves were evaluated by use of
the log-rank test.

RESULTS

Usually, more than one SV-1 immuno-
histochemical expression grade was ob-
served in each tumor section studied,
and a score between 0 and 300 was ob-
tained for each case (Figures 6-8). The
SV-1 expression was correlated with
tumor differentiation, tumor invasive-
ness, lymph node metastasis, liver metas-
tasis, and patient survival. A higher me-
dian immunohistochemical expression
was observed in well-differentiated
CRCs than in low-differentiated ones.
The median immunohistochemical ex-
pression of moderately differentiated



Figure 7. (A) Well-differentiated colorectal cancer with an area with grade 3 SV-1 im-
munohistochemical expression (arrow); (B) well-differentiated colorectal cancer with an
area with grade 3 SV-1 immunohistochemical expression (arrow) and an area with
grade 2 GHRH-R immunohistochemical expression (arrowhead); (C) moderately differ-
entiated colorectal cancer with an area with grade 2 SV-1 immunohistochemical ex-
pression (arrow) and an area with grade 1 GHRH-R immunohistochemical expression
(arrowhead); (D) moderately differentiated colorectal cancer with extended grade 2
SV-1 immunohistochemical expression (arrow) (all magnifications 400x) 117 x 88 mm
(300 x 300 DPI).

Figure 8. (A) Moderately differentiated colorectal cancer with an area with grade 3 SV-1
immunohistochemical expression (arrow) and an area with grade 2 SV-1 immunohisto-
chemical expression (arrowhead); (B) moderately differentiated colorectal cancer with
an area with grade 2 SV-1 immunohistochemical expression (arrow) and an area with
grade 1 SV-1 immunohistochemical expression (arrowhead); (C) normal colon mucosa
with supranuclear SV-1 immunohistochemical expression (arrow) and adjacent low-
differentiated colorectal cancer with no SV-1 immunohistochemical expression (arrow-
head); (D) low-differentiated colorectal cancer with pericolic fat invasion and with small
foci with grade 2 (arrow) and grade 1 (arrowhead) SV-1 immunohistochemical expression
(Al magnifications 400x, except C 100x) 118 x 88 mm (300 x 300 DPI).
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tumors lay between that of the other
two groups. The differences among the
three groups were statistically signifi-
cant (P = 0.012) (Figure 1). CRCs con-
fined to the mucosa and submucosa
showed a statistically significant higher
median SV-1 expression than those in-
vading the muscle coat. Tumors with
pericolic fat invasion showed the low-
est median SV-1 expression (P = 0.013)
(Figure 2). Lymph node metastasis did
not show a correlation with SV-1 ex-
pression (Figure 3). Liver metastasis
was clearly associated with lower SV-1,
but this difference was not statistically
significant (Figure 4). Kaplan-Meier
and Cox univariate survival analyses
showed that patients with high SV-1
expression had higher survival rates
than those with low GHRH-R expres-
sion, but the difference was not statisti-
cally significant (Figure 5). Our results
suggest that if more patients were en-
rolled in the study, the differences re-
garding liver metastasis and survival
would be significant. It is important to
clarify that most of the CRC patients
who underwent surgery in our hospital
were referred to us from rural areas of
Greece. Follow-up of these patients
was performed by various primary
care services locally. Consequently, we
have no precise information regarding
follow-up and time-to-progression for
most of our patients, with the excep-
tion of time-to-death (final outcome)
documented by death certificates.
Thus, although our results suggest that
GHRH-R expression is a favorable
prognostic factor in CRC, we were un-
able to analyze the association of pro-
gression-free survival with SV-1 im-
munohistochemical expression.

Comparison of GHRH-R (SV-1) im-
munohistochemical expression with the
expression of the cell proliferation
marker Ki-67, the apoptosis index
(Tunnel), E-cadherin, B-catenin, con-
ductin, clusterin, and survivin showed
positive correlations only between SV-1
and E-cadherin (P < 0.001) and SV-1
and conductin (P = 0.001) (Figures 9
and 10).
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Figure 9. Relation between SV-1 and
E-cadherin immunohistochemical expres-
sion. r, = Spearman correlation coefficient.

DISCUSSION

The only reliable method for curing
colorectal adenocarcinomas is surgical re-
section. Unfortunately, one-third of pa-
tients who undergo a surgical resection
with curative intent develop recurrent
disease, and many CRCs are detected at
a late stage when surgery cannot cure the
disease. Chemotherapy alone and chem-
otherapy combined with radiotherapy
are not highly effective against dissemi-
nated disease (2). Disease progression in
patients with CRC may be associated
with the presence of a locally advanced
disease and with micrometastasis or
macrometastasis in various organs,
which are critical events for the progno-
sis of CRC patients (13). Therefore, new
treatment modalities are needed.

Various findings support the involve-
ment of IGF-I and IGF-II in the growth
of CRC. The incidence of colon cancer is
increased in persons with acromegaly,
suggesting that excessive secretion of
GH or IGF-I may be a contributing fac-
tor in this disease (8). GHRH antagonists
can inhibit tumor growth indirectly
through suppression of the endocrine
GH-IGF-I axis and also by direct action
on the tumor cells expressing SV-1
(7,14-19). The indirect mechanism is im-
portant for those cancers that depend on
IGF-I as a growth factor. GHRH antago-
nists inhibit the release of GH from the
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pituitary, leading to suppression of he-
patic IGF-I production and a decrease in
levels of IGF-I in serum (2,7,11). SV-1
may inhibit the synthesis of tumoral au-
tocrine/paracrine IGF-1 and/or IGF-II
(7-11). GHRH antagonists also inhibit
the autocrine production of IGF-I
and/or IGF-II in many cancers, appar-
ently through a direct action on the ma-
lignant cells (7). IGF-II, like IGF-], is a
potent mitogen for many cancers, and
the suppression of its production would
inhibit tumor growth. Unlike IGF-I, the
synthesis of IGF-II does not depend on
serum GH levels. In addition, IGF-I
bioavailability depends on the expres-
sion of urokinase-type plasminogen acti-
vator and IGF-binding proteins in cancer
cells and surrounding tissues (14,20-29).
Furthermore, GHRH antagonists can in-
hibit proliferation by blocking the action
of autocrine/paracrine GHRH by a di-
rect effect that may not involve IGFs, a
finding that suggests a promising ap-
proach to treat many tumors, including
metastatic CRC (4,7).

In our investigation of SV-1 expression
in human CRC, we observed cytoplasmic
supranuclear expression in CRC tissue as
well as in the normal colon mucosa. Be-
cause SV1 acts as a membrane receptor,
in a manner analogous to that of GHRH
receptor, our findings may be attributa-
ble to SV1 activation by other peptides
that share structural similarities with
GHRH, such as the vasoactive intestinal
peptide and pituitary adenylcyclase acti-
vating polypeptide. It is noteworthy that
cytoplasmic immunohistochemical ex-
pression has also been observed in other
neoplasms (18,19). We were able to dem-
onstrate that SV-1 was present in most of
our cases. Among the 70 CRC patients
examined, 63 had tissue samples that
were positive for SV-1 immunoreactivity,
and only 7 had samples that were not
positive for SV-1. Well-differentiated
CRCs and those confined to the mucosa
and submucosa had higher immunohis-
tochemical expression. Low-differentiated
tumors and those with pericolic fat inva-
sion showed the lowest immunohisto-
chemical expression (P = 0.012 and P =
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Figure 10. Relation between SV-1 and
conductin immunohistochemical expres-
sion. r, = Spearman correlation coefficient.

0.013, respectively). We observed obvi-
ously lower SV-1 expression in CRCs
with liver metastasis than in nonmetasta-
tic tumors, although these results were
not statistically significant. Furthermore,
higher SV-1 expression was associated
with better survival, and it is evident
that the inclusion of more patients in the
study would lead to statistically signifi-
cant results. According to our results,
SV-1 expression seems to be a favorable
prognostic factor in CRC.

Chatzistamou et al. demonstrated the
immunohistochemical expression of
GHRH and SV-1 in breast cancer pa-
tients, providing evidence that an au-
tocrine stimulatory loop may operate
between GHRH and SV-1 in primary
cancers (18). In a recent study of mela-
nomas, Chatzistamou et al. found in-
creased SV-1 expression in melanoma
compared with dysplastic nevi, demon-
strating the involvement of SV-1 in mela-
noma pathogenesis (19). Busto et al. who
studied mRNA, reported the presence of
an autocrine/paracrine stimulatory loop
based on GHRH and SV-1 receptors in
human pancreatic, colorectal, and gastric
cancers. These authors also suggested
that the finding of SV-1 in human can-
cers provides an approach to an antitu-
mor therapy based on the blockade of
this receptor by specific GHRH antago-
nists (4).

In our study, the positive correlation of
SV-1 and E-cadherin, as well as con-



ductin expression (P < 0.001 and P =
0.001 respectively) is in accordance with
results of studies in cancer cell lines
showing that changes in the structure or
in the expression of the components of
the E-cadherin/catenin complex result
in the suppression of cell-cell adhesion
and in the expression of an invasive
phenotype (30-32). The majority of colon
tumors develop because of tumor-
suppressor gene APC mutations that lead
to Wnt/p-catenin signaling activation
and subsequent transcription of target
genes, including conductin/Axin2 (33).
Our study provides the first evidence
that SV-1 is immunoexpressed in CRC.
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