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A B S T R A C T

In this study, we evaluated the possible role of Growth Hormone Receptor (GHR) expression

pattern in determining rectal cancer radiosensitivity. We examined GHR expression in pre-

treatment biopsy materials and post-operative specimens from 98 patients by immunohis-

tochemistry (IHC) and reverse transcription-polymerase chain reaction (RT-PCR). GHR

expression was evaluated for association with tumour radiosensitivity, which was defined

according to Rectal Cancer Regression Grade (RCRG). IHC results demonstrated that GHR

overexpression was significantly associated with a poor response to radiotherapy

(P < 0.001, rs = 0.399); RT-PCR detection of GHR expression on pre-radiation biopsy speci-

mens also showed that GHR mRNA negative group had a higher radiation sensitivity

(P < 0.001, rs = 0.398). Compared with the pre-radiation biopsy specimens, the paired post-

operative specimens showed a significantly up-regulated GHR expression in the reliquus

cancer cells (P < 0.001). In conclusion, GHR expression levels may be an indicator for rectal

cancer radiosensitivity before pre-operative irradiation. The administration of GHR antag-

onist may have the potential to increase rectal cancer radiosensitivity.

� 2006 Elsevier Ltd. All rights reserved.
1. Introduction

Pre-operative radiotherapy is used in the treatment of ad-

vanced rectal carcinoma. It can downstage the tumour and

increase the possibility of a sphincter sparing procedure.1–3

Furthermore, pre-operative radiotherapy can reduce the rate

of local recurrence and improve the chance of survival in pa-

tients with resectable rectal carcinoma.4,5 However, not all

rectal tumours respond well to radiation. It is documented

that some tumours respond well to standard radiotherapy,

while others remain non-responsive.6,1 Some recent studies

have shown that patients who respond to pre-operative radio-

therapy with or without chemotherapy by demonstration of

complete or near pathologic response, have lower rates of lo-

cal recurrence. Their survival is also possibly improved when

compared to non-responsive patients whose tumours are
er Ltd. All rights reserved
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either partially or totally unresponsive.7,8 Identification of

predictive indicators of radiosensitivity is therefore of clinical

significance in selecting patients best suitable for pre-opera-

tive radiotherapy and avoiding unnecessary pre-operative

treatment.

Conditions with increased growth hormone (GH) levels,

such as acromegaly, are associated with an increased risk of

malignancy, especially in colorectal cancer.9–11 This implies

that GH/growth hormone receptor (GHR) may be involved in

the pathogenesis of human colorectal cancer. Our prior study

has provided evidence of GHR expression in human colorectal

cancer, suggesting that GHR signalling may play a role in the

development of human colorectal cancer.12 Another study13

demonstrated that GH could activate pathways involved in

DNA repair processes by binding to GHR, which is thought

to be one of the mechanisms for radioprotection.14 Based on
.
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these preliminary data, we proposed that there could be a cor-

relation between GH/GHR signalling and cellular response to

radiation. In this study, we have attempted to clarify the pos-

sible role of the GHR expression in determining rectal cancer

radiosensitivity before pre-operative irradiation.

2. Materials and methods

2.1. Materials

The paired pre-radiation biopsy specimens and post-opera-

tive specimens were obtained from 98 patients with rectal

carcinoma by rectal enteroscopy, who underwent pre-opera-

tive radiation and surgical resection in our department. No

distant metastasis of the lung was detected by plain chest

X-ray or CT scan. Both the liver and the para-aortic lymph

nodes were negative for metastasis on ultrasonography and

CT scan. The total dose of radiation was 40 Gy (2 Gy · 20

times) in each case, and the radiotherapy span ranged from

4 to 5 weeks. Surgical intervention was performed 4–6 weeks

after the radiotherapy. Informed consent was obtained from

all patients in this study.

2.2. Immunohistochemical staining of GHR

Tissue specimens were fomalin-fixed, paraffin-embedded and

consecutively sliced into 4 lm-thick sections for immunohis-

tochemistry. The sections were immunohistochemically

stained with labelled streptavidin–biotin peroxidase method

(LSAB2 Kit; Dako Japan Inc., Kyoto, Japan) with the following

primary antibody: mouse monoclonal antibody GHR (Novo-

castra Laboratories Ltd., United Kingdom, dilution 1:80). The

slides were immersed in 0.3% hydrogen peroxide/methanol

for 10 min to deplete endogenous peroxidase. Then, nonspe-

cific binding sites were blocked with 0.3% normal goat serum

for 10 min, to which the primary antibody was applied, and

the sections were incubated at 4 �C overnight. After being

washed with phosphate-buffered saline (PBS) (0.01 mol/L pH

7.4), biotinylated goat anti-mouse IgG was applied onto the

tissue sections and incubated at room temperature for 10

min. After being washed with PBS, a streptavidin peroxicase

reagent was applied and incubated at room temperature for

10 min. Finally, the reaction product was visualized using

developing colour by incubating the slides in a solution of

0.3% hydrogen peroxide and AEC chromogen. The sections

were counterstained slightly with hematoxylin. Negative con-

trols included parallel sections treated without the primary

antibody, in addition to negating an adjacent section of the

same block in which the primary antibody was replaced by

PBS. Normal liver tissue treated under the same condition

was used as a positive control of GHR expression.

To quantify the GHR expression in the various samples

examined, a semi-quantitative scoring system was used.

According to the staining intensity of tumour cells, the immu-

noreactions were graded as negative (0), faint yellow staining

(1), brown staining (2), or dark brown staining (3), and as 0%

(0), 0–10% (1), 10–50% (2) and 50–100% (3) according to the per-

centage of the positive cells. By multiplying the two scores,

the IHC expression score of each case was obtained: 0 was

determinated as �; 1,2,3 as +; 4,6 as ++; 9 as +++. All cases
were evaluated by two pathologists who were blind to this

study. At least five high-power fields were observed for each

section, with the total number of cells exceeding 1000.

2.3. Assessment of tumour radiosensitivity

Tumour response to radiotherapy was evaluated by assessing

the shrinkage and fibrosis of the resected tumour samples

and their hematoxylin and eosin (HE) stained slides. Accord-

ing to RCRG from Wheeler and colleagues,15 tumour radiosen-

sitivity included three grades: RCRG 1: Sterilization or only

microscopic foci of adenocarcinoma remaining, with marked

fibrosis; 2: Marked fibrosis but presentation of macroscopic

disease; and 3: Little or no fibrosis with abundant macro-

scopic disease. The RCRG was assessed by two pathologists

who were completely blind to this study.

2.4. Reverse transcription-polymerase chain
reaction (RT-PCR)

Freshly frozen rectal cancer specimens (10 mg each) were

minced and total RNA was extracted with SV total RNA Isola-

tion Kit (Promega Company, Madison, USA), and processed

according to the manufacturer’s instructions. For the tumour

samples, necrotic and ulcerative portions were removed and

the presence of at least 80% of tumour cells was verified his-

tologically. RNA was quantified by absorbance at 260 nm. The

quality of RNA was tested on agarose gel by analyzing the

integrity of the UV visualized, ethidium bromide stained 28S

and 18S rRNAs.

RT-PCR System Kit was from Promega Company (Madi-

son, USA). The key points of the RT-PCR method are summa-

rized as follows: 3 lg of each sample was used for RT-PCR to

generate GHR and Glyceraldehyde-3-phosphate dehydroge-

nase (GADPH) PCR products of 247 and 452 bp, respectively.

Semi-quantitative PCR was performed for 28 cycles for both

GHR and GAPDH. Optimal amplification cycles were deter-

mined based on the linear relationship between the amount

of PCR product detected and the number of amplification cy-

cles. We used the following primer pairs: for GHR sense 5 0-

GAA TGG AAA GAA TGC CCT GA-3 0 and antisense 5 0-GTG

GTG CTT CCC ATC TCA CT-30; for GAPDH sense 5 0-ACC

ACA GTC CAT GCC ATC AC-3 and antisense 5 0-TCC ACC

ACC CTG TTG CTG TA-3 0. The reactions were performed in

50 ll under the following conditions: initial denaturation at

95 �C for 2 min followed by 28 cycles of 95 �C for 50 s, 58 �C
for 50 s, 72 �C for 40 s, and an additional cycle with exten-

sion at 72 �C for 7 min. The final PCR products were analyzed

by electrophoresis, stained with ethidium bromide and pho-

tographed. The digital images were analyzed using Scion Im-

age Software. The relative levels of GHR mRNA were

normalized to GAPDH transcripts from the same reaction.

Each sample was repeated for three times, and the average

was calculated.

2.5. Statistical analysis

The Kendall’s tau-b and the Spearman test were used to

examine the correlation between various clinical or patho-

logic parameters and tumour GHR expression. The correlation
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was evaluated using Spearman test. P values less than 0.05

were considered statistically significant. All calculations were

performed by SPSS 10.0 for windows.

3. Results

General information of the cancer patients are summarized in

Table 1. There were 52 men and 46 women, ranging in age

from 25 to 77 years (median, 56 years). According to the endo-

scope inspection, the tumour area ranged from 1 to 49 cm2

(median, 12 cm2). Twenty-nine tumours were well differenti-

ated, 45 tumours moderately differentiated, and 24 tumours

poorly differentiated. Pre-treatment tumour stage was deter-

mined by a CT scan of chest, abdomen, and pelvis in all pa-

tients, with a following pelvic MRI scanning or transrectal

ultrasonography (TRUS) or both. According to pTMN classifi-

cation, 25 patients had Stage I disease, 37 patients Stage II

and 36 patients Stage III.

3.1. Immunohistochemistry

The results of GHR immunostaining were summarized in

Table 1. The results of the two pathologists were almost the

same with only one exception. The consistency was 99%.

The score from one pathologist was 1 and that from the other

was 2. They met together for a discussion and finally agreed

on 1.

A variable degree of cytoplasmic staining of tumour cells

was observed in 81 of all 98 pre-radiation biopsy specimens

analyzed (Fig. 1b). Seventeen of all 98 tumours were negative

(Fig. 1a). A significant correlation was found between

GHR expression on pre-radiation biopsy specimens and pre-
Table 1 – Correlation between immunohistochemistry
GHR expression on pre-radiation biopsy specimens and
clinico-pathological parameters

Clinico-pathological
parameters

Cases GHR P

0 1 2 3

Age

<56 48 9 11 14 14

=56 50 8 10 19 13 0.693

Gender

Male 52 10 9 20 13

Female 46 7 12 13 14 0.843

Stage

I 25 8 5 7 5

II 37 6 10 10 11

III 36 3 6 16 11 0.036*

Differentiation

Well 29 6 9 9 5

Moderately 45 9 8 13 15

Poorly 24 2 4 11 7 0.075

Size (cm2)

512 55 11 11 18 15

>12 43 6 10 15 12 0.290

Well, well differentiation; moderate, moderate differentiation;

poor, poor differentiation; *difference, P < 0.05.
treatment tumour stage (P = 0.036, rs = 0.212). There was no

significant correlation between GHR expression and differen-

tiation (P = 0.075), age (P = 0.693), gender (P = 0.843) and tumour

size (P = 0.290).

Compared with the pre-radiation biopsy specimens, the

paired 93 (except five post-radiation sterilized cases) post-

operative specimens showed a significantly increased GHR

protein expression in the reliquus cancer cells (P < 0.001,

Fig. 2a and b). Most of them score 3+ (56/98, 57.1%) or 2+

(24/98, 24.5%). Even for the 17 negative cases (pre-radiation

biopsy specimens), the post-radiation remained cancer also

showed a GHR protein expression in nine cases.

3.2. Reverse transcription-polymerase chain
reaction (RT-PCR)

Amplified fragments of the expected sizes (247 bp) were de-

tected in 85 of all 98 pre-radiation biopsy specimens. The

RT-PCR result showed consistency compared with the IHC

detection of GHR expression (P < 0.001), all 81 tumour tissues

with GHR protein expression in IHC were positive in RT-PCR;

only two tumours graded as ‘‘0’’ in immunohistochemical

analyses expressed weak positive GHR mRNA; and 15 cases

were negative in both RT-PCR and IHC.

In some post-operative samples, especially some RCRG 1

cases, the tumour tissue that remained after irradiation was

too scarce to be detected by RT-PCR, therefore only 60 sam-

ples were examined. Compared with the paired pre-radia-

tion specimens, the post-operative specimens showed

significantly increased GHR mRNA expression (Fig. 3, de-

tailed data not shown), which is consistent with the IHC

result.

3.3. Tumour radiosensitivity

According to the RCRG from Wheel and colleagues,15 variable

responses to radiotherapy were seen in 98 post-radiation rec-

tal cancer specimens (Fig. 1c–f). The results of the two pathol-

ogists were exactly the same. Table 1 shows RCRG 1 in 31

cases, RCRG 2 in 33 cases and RCRG 3 in 34 cases. In five RCRG

1 cases, the tumours were sterilized (complete regression)

after pre-operation radiotherapy. In HE-stained slides, cancer

cells were found to be completely replaced by fibrosis, necro-

sis, or calcified tissue.

3.4. Relation between GHR expression
and tumour radiosensitivity

The correlation between GHR expression in pre-radiation

biopsy specimens and tumour radiosensitivity is summarized

in Table 2. There was a significant correlation between GHR

expression (IHC detection) and tumour radiosensitivity

(P < 0.001, rs = 0.399). The sensitivity and specificity for radio-

sensitive (RCRG 1–2) in the GHR low expression (IHC score 0–1)

group were 48.3% and 81.6%, respectively. RT-PCR detection of

GHR expression on pre-radiation biopsy specimens also

showed that the GHR mRNA negative group had a higher radi-

ation sensitivity (P < 0.001, rs = 0.398), and all the negative 15

cases showed radiosensitive (RCRG 1, 11; RCRG 2, 4). The

sensitivity and specificity for radiosensitive (RCRG 1–2) in



Fig. 1 – GHR immunostaining of rectal cancer (200·) and histopathological response to radiation (100·). (a), (c) and (e) are from

a radiosensitive sample: (a) negative cytoplasmic immunostainings of rectal cancer cells was seen on the pre-radiation

biopsy specimen; (c) correspondingly, good histopathological response to radiation therapy was seen on the post-operative

sample. Most of the entire lesion was replaced by fibrosis and necrosis, T: relic tumour glandular tube; C: calcification; N:

necrosis. (e) The post-operative macroscopic sample showed that the original tumour ulcer shrank and the raised periphery

of the ulcer became flat and soft, the hyperemia by inflammation was seen in the adjacent normal mucous. (b), (d) and (f) are

from the radioresistant sample: (b) strong cytoplasmic immunostaining of rectal cancer cells was seen on the pre-radiation

biopsy specimen; (d) correspondingly, poor histopathological response to radiation therapy was seen on the post-operative

sample. Most of the tumour remained, and little fibrosis was seen among the tumour cells. (f) Marked tumour remained in

the post-operative macroscopic sample.

Fig. 2 – GHR immunostaining in the post-radiation rectal specimens. Regardless of radiosensitivity, strong cytoplasmic

immunostaining was often seen in the post-radiation remained cancer cells (a) from the radiosensitivitive sample: few

tumour glandular tubes remained; (b) from the radioresistant sample: most of the tumour remained; Fibrosis was seen

around the remained tumour glandular tubes.
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the RT-PCR negative group were 23.4% and 100%, respectively.

The semi-quantitative RT-PCR results showed a stronger

correlation between GHR mRNA expression and tumour

radiosensitivity (P < 0.001, rs = 0.561, data not shown).
4. Discussion

Mitotic or clonogenic cell death is considered to be the major

mechanism by which most solid tumours respond to clinical



Fig. 3 – GHR mRNA expression by RT-PCR in the paired pre-radiation and post-radiation samples. Lanes M: Marker; B: blank

control; 1–4a: pre-radiation samples; 1–4b: post-radiation samples; and **: significantly difference. P < 0.01 compared with the

paired pre-radiation specimens, the post-operative specimens showed a significantly increased GHR mRNA expression

(P < 0.001).
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radiotherapy.16 With increased knowledge about cell cycle

regulation, apoptosis and DNA repair, several attempts have

been made to identify molecular markers capable of predict-

ing radiation sensitivity of tumours. It has been shown that

the presence of a mutated p53, which is believed to be in-

volved in the regulation of cell cycle and apoptosis, usually

predicts tumour resistance to radiation.17–22 Recent studies

have also shown that there is a relation between immunohis-

tochemical expression of Ku70 and tumour radiosensitivity in

rectal cancer. Ku70 is a DNA protein kinase, which plays a

specific role in the repair pathway for DNA damage.23–25 How-

ever, whether or not these constituents may be used to pre-

dict radiotherapy response is still undetermined. Our study

is one of those attempts to find out a new specific molecular

marker for radiotherapy sensitivity.

This was the first report examining the relation between

GHR expression and tumour radiosensitivity in rectal cancer.

Our results demonstrated that GHR overexpression was sig-

nificantly associated with a poor response to radiotherapy.

The exact mechanism about this relation remains unknown,

as there is a lack of relative studies on the correlation be-

tween GH/GHR signalling and radiotherapy. Using Chinese
Table 2 – Relationship between GHR expression on
pre-radiation biopsy specimens and tumour
radiosensitivity in rectal carcinoma

GHR expression Cases RCRG P rs

1 2 3

IHC

0 17 11 4 2

1 21 9 7 5

2 33 7 14 12

3 27 4 8 15 <0.001** 0.399

RT-PCR

+ 83 20 29 34

� 15 11 4 0 <0.001** 0.398

RCPG, Rectal Cancer Regression Grade; IHC, immunohistochemis-

try; RT-PCR, reverse transcription-polymerase chain reaction;

**significant difference, P < 0.01.
hamster ovary cells (CHO-4) which express GHR stably, Olga

M and colleagues13 demonstrated that the protective action

of GH on radiation-induced injury was mediated by GHR,

and the increased survival in response to radiation induced

by GH correlated with an enhanced ability of the cells to re-

pair damaged DNA. This result was also consistent with an-

other study26 in rat liver showing that GH induced the

expression of several genes implicated in the control of

DNA damage and in the response of cells to stress: namely,

GADD45, which inhibits mitotic growth;27 and APEN, which

is both a DNA repair enzyme28 and an activator of several

transcription factors.29 Interaction of GH with its receptor in-

duces the activation of signalling cascades including the JAK2

tyrosine kinase,30 MAPK,31,32 insulin receptor substrate (IRS)-1

and IRS-2,33,34 Phosphatidylinositol 3-kinase,35 Src homolo-

gous and collagen-like protein, Grb2,36 Protein kinase C and

phospholipase A237 and so on. Some of these pathways,

particularly those driven by JAK2 and MAPK, can activate tran-

scription mediated by STAT3 and STAT5 as well as SRF and

c-fos38–40 and probably activate expression of genes like

GADD45 and APEN, which are involved in radiation-induced

DNA repair. Since one of the mechanisms for radioprotection

involves induction of biochemical and enzymatic pathways

that prevent radiation-induced damage and/or promote

DNA repair14, GH/GHR signal may have a role in defending

against cell stress and DNA damage by radiation. Therefore,

the GHR overexpression in rectal cancer pre-radiation speci-

mens may imply the stronger ability of tumour cells to repair

radiation-induced DNA damage, which leads to increased

tumour cell survival and the poor response to radiotherapy.

Our results also showed a significantly increased GHR

expression in the post-radiation rectal cancer samples when

compared with the paired pre-radiation specimens. One way

to explain the result might be that tumour cell selection in

an often non-homogeneous tumour, with a higher fraction

of the sensitive cells being sterilised making the resistant cell

in relative numbers more present than before, which shows a

higher GHR expression. Another possibility may be due to tu-

mour response to radiation. Via feedback regulation of GHR

expression, the tumour cells protect against radiation injury

by increasing the ability of DNA repair. Thus, those tumour
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cells with impaired feedback loop may be eliminated during

the radiotherapy procedure. Possibly this could explain why

almost all the remaining tumour cells after irradiation

showed strong GHR expression (Fig. 2). These observations

strongly suggest that blocking GH/GHR signalling could prob-

ably increase radiosensitivity, since the feedback up-regulation

of GHR expression does occur during the radiotherapy

procedure. Pegvisomant, a GHR antagonist, has been used

clinically, especially in acromegaly patients and recently, Peg-

visomant was also investigated as a possible antineoplastic

agent.41 Preliminary studies have suggested a marked inhibi-

tion of metastasis of colonic tumours in animals when Pegvi-

somant was combined with more standard cytotoxic drugs.42

Other animal studies in which human colon cancer models

were used, also showed that Pegvisomant can powerfully in-

hibit tumour growth.43 Thus, our results propose the prospect

of allied clinical use of GHR antagonist administration and

radiotherapy in patients with rectal carcinoma, which could

increase overall response rates.

In our study, a correlation was observed between GHR

expression on pre-radiation biopsy specimens and pre-treat-

ment tumour stage, which indicates a role for GHR signalling

in human rectal cancer. However, the exact mechanisms for

this correlation need to be further studied.

In conclusion, our study indicates that there is a signifi-

cant correlation between GHR expression and tumour

radiosensitivity by immunohistochemistry and RT-PCR.

Examination of GHR expression on pre-radiation biopsy spec-

imens may predict the radiosensitivity of rectal cancer before

pre-operative irradiation. Further studies are needed to fur-

ther understand the mechanisms involved, including how

GH/GHR signalling cascades respond to radiotherapy in nor-

mal or tumour tissues in vitro and in vivo. The administration

of GHR antagonist could probably increase the radiosensitiv-

ity of rectal cancer. As GHR antagonists are commercially

available, the combined clinical use of GHR antagonist with

radiotherapy in rectal cancer patients is suggested in clinical

trials in an attempt to increase overall response rates.
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