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Context: Evidence suggests that human GH (hGH) and human prolactin (hPRL) possess an autocrine
or paracrine oncogenic role in mammary and endometrial carcinoma. However, especially for hGH,
the prognostic relevance of tumor expression of these hormones is not well defined.

Objective: We investigated the potential association of tumor mRNA and protein expression of
hGH and hPRL with the clinicopathological features of mammary and endometrial carcinoma. The
prognostic relevance of the individual or combined expression of hGH and hPRL in mammary and
endometrial carcinoma was also determined.

Design: The expression of hGH and hPRL was analyzed in histopathological samples of mammary and
endometrial carcinoma, and the respective normal tissues, by in situ hybridization and immunohisto-
chemistry. Kaplan-Meier and Cox regression analysis was performed to examine the association of
tumor hGH and hPRL expression with relapse-free survival and overall survival of patients.

Results: hGH expression was significantly associated with lymph node metastasis, tumor stage,
human epidermal growth factor receptor-2 status, and proliferative index in mammary carcinoma
and with International Federation of Gynecology and Obstetrics grade, myometrial invasion, and
ovarian metastases in endometrial carcinoma. hPRL expression was associated with lymph node
metastasis, tumor grade, and tumor stage in mammary carcinoma and with International Feder-
ation of Gynecology and Obstetrics stage and myometrial invasion in endometrial carcinoma. Both
hGH and hPRL expression, individually and combined, are associated with worse relapse-free sur-
vival and overall survival in patients with mammary or endometrial carcinoma.

Conclusion: Tumor expression of both hGH or hPRL in mammary or endometrial carcinoma is
associated with a large and significant difference in survival outcome for patients with these
tumors. (J Clin Endocrinol Metab 96: E1619–E1629, 2011)
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A number of recent reviews (1–5) have summarized
genetic, epidemiological, animal, and cell biology

derived evidence implicating human GH (hGH) and hu-
man prolactin (hPRL) in development and progression of
tumors of the female reproductive system among others.
As an example, in a recent large genome-wide association
study (6), the GH signaling pathway was identified as the
pathway third most significantly correlated with suscep-
tibility to develop mammary carcinoma.

In addition to the classical endocrine roles of pituitary
derived hGH and hPRL, it is now widely accepted that
these hormones also function in an autocrine or paracrine
manner, as a local growth factor, in a number of tissues,
including the mammary gland and endometrium (7). Path-
ological roles of autocrine/paracrine hGH and hPRL have
been postulated in both mammary and endometrial car-
cinoma (1–5, 7–9). Indeed, increased expression of hGH
in immortalized but otherwise normal human mammary
epithelial cells has been reported to be sufficient to stim-
ulate oncogenic transformation of these cells with con-
sequent tumor formation in a xenograft model (10).
Furthermore, autocrine expression of hGH stimulates
mammary and endometrial carcinoma cell xenograft
growth through increased cell proliferation and sur-
vival (11–13) in addition to stimulating carcinoma cell
epithelial-mesenchymal transition and invasion (11).
Mammary carcinoma cell hGH expression also en-
hances tumor angiogenesis in a vascular endothelial
growth factor-A-dependent manner (11).

The clinicopathologic and prognostic associations of
hPRL expression in mammary carcinoma (14) and endo-
metrial carcinoma (15, 16) have been reported. We and
others have previously reported the presence of hGH
mRNA or protein in human mammary (17–19) and en-
dometrial (20) normal tissue and carcinoma. However,
these studies used small sample numbers with inconclusive
methodology and results. It has recently been reported
that the level of intratumoral GH in mammary carcinoma
of dogs can be used to clearly delineate those animals
which will survive the disease (21). Furthermore, serum
levels of hGH have recently been demonstrated to be sig-
nificantly associated with endometrial carcinoma (15). In
addition to literature evidence supporting a causal role for
hGH in mammary and endometrial carcinoma (1–5),
these tumors also exhibit similar etiology and responsive-
ness to estrogenic stimuli. Thus, there is an acute need for
a systematic study of the potential association of tumor
expression of hGH with clinicopathological features and
survival outcome of patients with mammary and endo-
metrial carcinoma.

Herein we report the association of hGH and hPRL
expression with specific histopathological features and

survival outcomes for patients with mammary or endo-
metrial carcinoma.

Patients and Methods

Patients and specimens

General
The institutional review board approved the protocol for the

use of patient samples in this study and informed consent was
obtained from all patients and control subjects in accordance
with the Declaration of Helsinki. All samples used were from
Han Chinese patients. The samples used were sourced from pa-
tients with histopathological diagnoses made between 2001and
2006, which permitted us to examine 5-yr survival outcomes for
these cohorts. Patients had no previous diagnosis of carcinoma,
pituitary adenoma, or obesity (body mass index �28 kg/m2), no
distant metastasis at time of diagnosis, and no evidence of re-
current disease within one month after primary surgery. Patients
who had undergone chemotherapy or radiation therapy before
surgery were also excluded from this study.

Mammary carcinoma
The patient population consisted of 159 consecutive mam-

mary cancer patients and 33 consecutive patients with benign
breast disease who underwent surgery at the First Affiliated Hos-
pital of Anhui Medical University (Hefei, Anhui, People’s Re-
public of China) between 2001 and 2002. The details of this
cohort have previously been described in detail (22) including the
definition of human epidermal growth factor receptor 2 (HER-2)
negative as those tumors with low HER-2 expression [negative
(�) and positive (�) staining] and HER-2-positive tumors as
those with high HER-2 expression (2� and 2�� staining). Six-
ty-five cases were estrogen receptor (ER)�, 50 cases were ER�
Progesterone (PR)�, 75 cases were ER-PR- of which 35 cases
were ER-PR-HER2�, and 40 cases were ER-PR-HER2-.

Endometrial carcinoma
The patient population consisted of 70 consecutive uterine

endometrial cancer patients, 32 endometrial hyperplasia pa-
tients, and 38 normal controls who underwent surgery or curet-
tage at the above hospital between 2004 and 2006. The details
of this cohort have previously been described in detail (23) except
with the current addition of extra patient numbers.

Tissue microarrays (TMA) construction
Paraffin-embedded tumor/normal specimens were obtained

from the archive of the Department of Pathology, the First Af-
filiated Hospital of Anhui Medical University, People’s Republic
of China. TMA were constructed as previously described (23).
Three tissue spots from two different paraffin blocks of the same
tumor or normal tissue were included per patient. The spot di-
ameter for the mammary was 1 mm and for the endometrium
was 2 mm.

In situ hybridization (ISH)
Digoxin-labeled antisense oligonucleotide probes for hGH

and hPRL were obtained from Boshide Biotech Co. (Wuhan,
China). The probe sequences were as follows:
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hGH, 5�-TTTGACAACGCTATGCTCCGCGCCCATCG-
TCTGCA-3�, 5�-CAGAC CTACA GCAAG TTCGA CACAA
ACTCA CACAA-3�, and 5�-TACTGCTTCAGGAAGACAT
GGACA AGGTCGAGAC-3�; and hPRL, 5�-CACTACATC-
CATAACCTCTCCTCAGAAATGTTCAG-3�, 5�-CGATCCT-
GGAATGAGCCTCTGTATCATCTGGTCAC-3� and 5�-CACT-
GCCTACGCAGGGATTCACATAAAATCGACAA-3�.

ISH was performed as described previously (24). A number of
controls to determine specificity of the in situ hybridization were
used and included the following: 1) use of labeled sense probes
or 2) application of unlabeled antisense probes to sections at 5
molar excess before application of labeled antisense probes or 3)
use of hybridization solution without oligonucleotide probes or
4) use of labeled scrambled sense probes.

Immunohistochemistry (IHC)
Immunohistochemical analysis of hGH, hPRL, and human

placental lactogen [hPL; also known as human chorionic soma-
tomammotrophin (hCS)] protein expression was performed on
TMA sections (4 �m thick) with polyclonal antibodies against
hGH, hPRL (Santa Cruz Biotechnologies, Santa Cruz, CA), and
hPL (Maixin Biotechnologies, Fuzhou, China) by the peroxi-
dase-conjugated streptavidin complex method (Histostain-SP
kit; Zymed, San Francisco, CA) as previously described (22).

Review and scoring
The stained sections were reviewed and scored for expression

of hGH, hPRL, and hPL with a light microscope (Olympus
American Inc., Melville, NY) independently by two investigators
without knowledge of the patient’s clinical or histopathological
information as previously described (22, 23). The sections were
scored on the basis of the staining intensity and the percentage of
cells with staining relative to the background: negative (�), hav-
ing fewer than 10% of the epithelial cells stained positive; pos-
itive (�), having more than 10% of the cells stained positive.

Statistical analysis
All statistical analyses were performed using SPSS software

system for Windows (version 13.0; SPSS, Chicago, IL). The �2

test was used to analyze the difference in the expression levels
among different samples. The statistical significance of potential
correlations was determined using the �2 test. Spearman’s cor-
relation coefficient was calculated to evaluate the relationships
between the expression of hGH and hPRL mRNA and hGH,
hPRL, or hPL protein. Kaplan-Meier curves were constructed to
determine patient relapse-free survival (RFS) and overall survival
(OS) rates. Cox regression analysis was performed to determine
the association of hGH, hPRL, and hPL expression to the risk of
relapse and death. The statistical differences in survival among
subgroups were compared using the log-rank test. P � 0.05 was
considered statistically significant.

Results

Specificity of ISH and IHC
Digoxigenin-labeled antisense oligonucleotide probes

specific to hGH or hPRL mRNA were used for ISH. A
series of controls were used as negative control for ISH to
determine specificity as detailed in materials and methods.

hGH and hPL (hCS) are located within the same gene
cluster on chromosome 17q23, are thought to have
evolved from a common ancestral gene by duplication
during evolution, and share considerable nucleic acid se-
quence homology (25). It is therefore possible that the
antisense oligonucleotide probes to hGH could potentially
also recognize hPL mRNA. Polyclonal antibodies (pAb)
specific to hGH, hPL or hPRL were therefore used to de-
tect the translated hGH, hPRL, and hPL proteins, respec-
tively, in mammary and endometrial TMA. The IHC data
were subsequently used for analysis of Spearman’s corre-
lations between hGH or hPRL mRNA expression detected
by ISH and hGH, hPRL or hPL protein expression de-
tected by IHC (see below). Each pAb specifically recog-
nized its recombinant cognate protein as determined by
native PAGE (Supplemental Fig. 1, published on The En-
docrine Society’s Journals Online web site at http://jcem.
endojournals.org). Preabsorption of each specific pAb
with 10 M excess of the different recombinant proteins
(hGH, hPL, or hPRL) demonstrated loss of immunoreactiv-
ity on tissue sections only when the specific pAb was preab-
sorped with its cognate protein (Supplemental Fig. 2).

Further evidence of specificity of the differential hor-
mone expression was provided by analyses of Spearman’s
correlations between hGH mRNA or hPRL mRNA ex-
pression and hGH, hPRL, or hPL protein expression as
derived from the mammary and endometrial TMA (Sup-
plemental Table 1). A highly significant correlation was
observed between the expression of hGH mRNA and
hGH protein and between hPRL mRNA and hPRL protein
in mammary (correlation coefficients: rs � 0.755, P �
0.001; and rs � 0.780, P � 0.001, respectively) and in
endometrial specimens (rs � 0.752, P � 0.001; and rs �
0.840, P � 0.001, respectively). We also observed a lower
but significant correlation between the expression of hGH
mRNA and hPRL protein and between hPRL mRNA and
hGH protein in mammary (correlation coefficients: rs �
0.234, P � 0.001; and rs � 0.239, P � 0.001, respectively)
and in endometrial specimens (rs � 0.397, P � 0.001; and
rs � 0.431, P � 0.001, respectively). However, this corre-
lation is due to significant coexpression of both hormones in
a significant number of samples. Indeed, no association be-
tween the expression of tumor hGH mRNA and hPRL
protein or between the expression of tumor hPRL mRNA
and hGH protein was observed by �2 analysis (all P �
0.05, Supplemental Table 2). No significant Spearman’s
correlation was observed between hGH mRNA and hPL
protein in either mammary or endometrial specimens. A
small but significant Spearman’s correlation (rs � 0.176
and 0.150, both P � 0.05) was observed between expres-
sion of hGH and hPL protein in mammary and endome-
trial specimens, respectively.
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Expression of hGH, hPRL, and hPL in mammary
and endometrial normal tissue and carcinoma

We used ISH to detect hGH and hPRL mRNA in mam-
mary and endometrial tissue specimens (Fig. 1). As shown
in Supplemental Table 3, 52.8 and 67.9% of mammary
carcinoma specimens were positive for hGH and hPRL
mRNA, respectively, whereas only 30.3 and 27.3% of
normal mammary tissue from patients with benign disease
were positive for hGH or hPRL mRNA, respectively (P �
0.018 and P � 0.001). Examples of hGH and hPRL
mRNA positive normal mammary tissue are provided in
Supplemental Fig. 3. hGH mRNA expression was ob-
served in normal epithelial cells of mammary ducts and
acini with stromal cells not infrequently also positive for
hGH mRNA. Infrequent stromal localization of hPRL

mRNA was observed. In mammary
carcinoma, hGH mRNA was predom-
inantly localized to carcinoma cells
(Fig. 1A) with both stromal cells and
endothelial cells of blood vessels also
frequently positive for hGH mRNA. In
general, the expression of hGH mRNA
in stromal and endothelial cells was
positively correlated to the expression
in epithelial cells in the same specimen.
Again, in mammary carcinoma, infre-
quent localization of hPRL was ob-
served in stromal cells.

A similar significantly increased per-
centage expression of both hGH and
hPRL mRNA was observed in endome-
trial carcinoma compared with normal
or hyperplastic endometrial tissues (P �
0.013 and P � 0.001, respectively) (Sup-
plemental Table 3). In the normal cy-
cling endometrium, the expression of
hGH mRNA was significantly higher in
the luteal compared with the follicular
phase (P � 0.036) (Supplemental Table
4). However, no significant difference
between phases was observed for the
expression of hPRL mRNA (P � 0.05,
Supplemental Table 4). In normal en-
dometrial tissue, the expression of hGH
and PRL mRNA was detected in epi-
thelial cells of the glands and frequently
in stromal cells (Supplemental Fig. 3).
Similar epithelial and stromal local-
ization was observed in endometrial
hyperplasia and carcinoma (Fig. 1B).
Endothelial cells were occasionally pos-
itive for hGH mRNA but infrequently
positive for hPRL mRNA.

hGH and hPRL protein expression in the normal tissue
and carcinoma from mammary gland and endometrium
exhibited similar (Fig. 2, A and B, and Supplemental Fig.
3) but not identical patterns as observed with the respec-
tive mRNA. Such discrepancies may result from technical
or processing issues, from differential sensitivity of ISH vs.
IHC, that hGH and hPRL are secreted proteins, which
may affect cellular retention localization or that tumor
localized hGH and hPRL protein may represent pituitary
derived hormone sequestered by the tumor. In that re-
spect, hGH and hPRL mRNA should be considered a more
reliable measure of tumor expression of the hormones
than localization of the protein. hPL protein expression
was not significantly different between mammary carci-

FIG. 1. In situ hybridization analysis of hGH or hPRL mRNA expression in mammary and
endometrial normal tissue and carcinoma. A, Normal mammary tissue and mammary
carcinoma. Left panels, Low expression of hGH and hPRL mRNA in normal mammary tissue
derived from patients with benign mammary disease. Center panels, A sample of mammary
carcinoma, which contains both normal tissue (arrowheads) and carcinoma (arrows). Note
that the carcinoma is positive for hGH and hPRL mRNA but that the normal adjacent tissue is
negative for the transcripts of both hormones. Right panels, High expression of hGH and hPRL
mRNA in mammary carcinoma. B, Normal and hyperplastic endometrium and endometrial
carcinoma. Left panels, Low expression of hGH and hPRL mRNA in normal endometrium.
Center panels, Moderate expression of hGH and hPRL mRNA in hyperplastic endometrium.
Right panels, High expression of hGH and hPRL mRNA in endometrial carcinoma. All images
are counterstained with hematoxylin. Micrographs were captured at �200 magnification.
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noma and benign mammary disease (P � 0.873) or be-
tween endometrial carcinoma and normal or hyperplastic
endometrium (P � 0.112) (Supplemental Table 3 and Sup-
plemental Fig. 4). hGH, hPRL, and hPL proteins were
predominantly expressed in the cytoplasm of normal
mammary and endometrial epithelial cells and in carci-
noma cells (Fig. 2 and Supplemental Fig. 4). Nuclear lo-
calization of the hormones was also observed in accord
with previous published reports of nuclear localized hGH
and hPRL (26, 27).

Correlation between expression of hGH, hPRL, and
hPL and histopathological features of mammary
and endometrial carcinoma

We examined for any potential association of the expres-
sion of hGH, hPRL, or hPL with the clinicopathological fea-

tures of mammary and endometrial car-
cinoma. As shown in Table 1, hGH
mRNA expression was positively asso-
ciated with lymph node metastasis (P �
0.002), higher clinical stage (P � 0.002),
and HER-2 positivity (P � 0.004) in
mammary carcinoma. hGH protein ex-
pression was associated with higher
clinical stage (P � 0.047), HER-2 posi-
tivity (P � 0.001), and Ki67 labeling
index (P � 0.002) in mammary carci-
noma. The expression of both hPRL
mRNA and protein was associated
with lymph node metastasis (P � 0.001
and 0.001), higher tumor grade (P �
0.002 and 0.015), and higher clinical
stage (P � 0.008 and P � 0.046). The
expression of hPL protein was signifi-
cantly correlated only with the age of
patient with mammary carcinoma (P �
0.009) and HER-2 positivity (P �
0.019). No significant association was
observed between the expression of
hGH, hPRL, or hPL and the expression
of estrogen or progesterone receptors in
mammary carcinoma.

In endometrial carcinoma (Table 2),
the expression of hGH mRNA was sig-
nificantly associated with higher tumor
grade (P � 0.004) and myometrial in-
vasion (P � 0.006). hGH protein ex-
pression was significantly associated
with tumor International Federation of
Gynecology and Obstetrics (FIGO)
grade (P � 0.001), myometrial inva-
sion (P � 0.025), and ovarian metasta-
sis (P � 0.031). Both the mRNA and

protein expression of hPRL was significantly associated
with tumor FIGO stage (P � 0.007 and P � 0.009) and
myometrial invasion (P � 0.011 and P � 0.007). The
expression of hPL protein was significantly associated
with patient age (P � 0.037) and high FIGO grade (P �

0.009).

Correlation between hGH, hPRL, or hPL expression
and patient survival

To determine whether tumor hGH expression is asso-
ciated with RFS and OS rates in patients with mammary
carcinoma, we first performed Kaplan-Meier analyses on
the patient cohort (Fig. 3). As observed in Table 3, patients
whose primary tumors did not express hGH mRNA or
protein had a mean 5-yr RFS rate of 66.7 and 69.2%,

FIG. 2. Immunohistochemical analysis of hGH or hPRL protein expression in mammary and
endometrial normal tissue and carcinoma. A, Normal mammary tissue. Left panels, Low
expression of hGH and hPRL protein in normal mammary tissue derived from patients with
benign mammary disease. Right panels, High expression of hGH and hPRL protein in
mammary carcinoma. B, Normal and hyperplastic endometrium and endometrial carcinoma.
Left panels, Low expression of hGH and hPRL protein in normal endometrium. Center panels,
Moderate expression of hGH and hPRL protein in hyperplastic endometrium. Right panels,
High expression of hGH and hPRL protein in endometrial carcinoma. All images are
counterstained with hematoxylin. Micrographs were captured at �200 magnification.
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respectively, whereas patients with tumors expressing
hGH mRNA or protein both exhibited a mean 5-yr RFS
rate of 50% (P � 0.041 and P � 0.016). Patients whose
tumors were positive for expression of hGH mRNA or
protein, respectively, exhibited a lower 5-yr OS rate than
patients whose tumors were negative for hGH (P � 0.024
and P � 0.049, Table 3). Similarly, patients whose tumors
express hPRL mRNA or protein also exhibited a lower
RFS rate compared with patients whose tumor was neg-
ative for hPRL mRNA or protein expression (P � 0.036
and P � 0.009, Table 3). Patients whose tumors express
hPRL mRNA, but not hPRL protein, exhibited a signifi-
cantly lower OS compared with patients whose tumors were
negative for hPRL mRNA or protein, respectively (P �
0.025). No significant association was observed between tu-
morhPLproteinexpressionandpatientRFSorOS(bothP�
0.05). Multivariate analysis of the adjusted odds ratios for
death of patients with mammary carcinoma were concor-

dantly significantly elevated in those patients whose tumors
expressed hGH or hPRL mRNA. The adjusted odds ratios
are presented in Supplemental Table 5.

We next divided the mammary carcinoma cohort into
four groups; those whose tumors were negative, those with
low expression, those with moderate expression, and those
with high expression of hGH or hPRL mRNA or protein,
respectively. Kaplan-Meier analysis of RFS and OS of pa-
tients with low tumor expression of either hGH or hPRL
were not significantly different from those patients whose
tumors did not express either hGH or hPRL (see Supplemen-
tal Table 6). A clear and significant decrease in RFS and OS
was observed in those patients with moderate through high
tumor expression of hGH or hPRL, respectively. Higher ex-
pression of hGH or hPRL are therefore significantly
associated with lower RFS and OS.

The RFS and OS of patients whose tumors were nega-
tive for both hGH mRNA and hPRL mRNA was signifi-

TABLE 1. Association of tumor hGH or hPRL mRNA and tumor hGH, hPRL, or hPL protein expression with
clinicopathological parameters of patients with mammary carcinoma

Parameter n

hGH-positive expression, n (%) hPRL-positive expression, n (%)
hPL-positive

expression, n (%)

mRNA P Protein P n mRNA P Protein P n Protein P

Age (yr)
�35 16 9 (56.3) 0.502 11 (68.8) 0.648 16 11 (68.8) 0.623 10 (62.5) 0.144 16 15 (93.8) 0.009
35–55 92 45 (48.9) 52 (56.5) 92 65 (70.7) 71 (77.2) 88 55 (62.5)
�55 51 30 (58.8) 29 (56.9) 51 32 (62.7) 29 (56.9) 49 25 (51.0)

Tumor size (cm)
�2 13 5 (38.5) 0.492 8 (61.5) 0.415 13 9 (62.9) 0.688 10 (76.9) 0.775 12 8 (66.7) 0.457
2–5 115 61 (53.0) 63 (54.8) 115 76 (66.1) 78 (67.8) 110 65 (59.1)
�5 31 18 (58.1) 21 (67.7) 31 23 (74.2) 22 (71.0) 31 22 (71.0)

Lymph node
metastasis

0 55 20 (36.4) 0.002 28 (50.9) 0.332 55 28 (50.9) <0.001 30 (54.5) <0.001 53 33 (62.3) 0.591
1–3 55 29 (52.7) 32 (58.2) 55 36 (65.5) 37 (67.3) 54 31 (57.4)
�3 49 35 (71.4) 32 (65.3) 49 44 (89.8) 43 (87.8) 46 31 (67.4)

Histology
Ductual 154 81 (52.6) 0.887 89 (57.8) 0.929 154 104 (67.5) 0.423 107 (69.5) 0.44 148 92 (62.2) 0.321
Lobular 2 1 (50.0) 1 (50.0) 2 1 (50.0) 1 (50.0) 2 2 (100.0)
Other types 3 2 (66.7) 2 (66.7) 3 3 (100.0) 3 (100.0) 3 1 (33.3)

Grade
I 13 3 (23.1) 0.079 7 (53.8) 0.802 13 4 (30.8) 0.002 6 (46.2) 0.015 13 10 (76.9) 0.155
II 102 56 (54.9) 61 (59.8) 102 68 (66.7) 67 (65.7) 97 63 (64.9)
III 44 25 (56.8) 24 (54.5) 44 36 (81.8) 37 (84.1) 43 22 (51.2)

Stage
I–II 85 35 (41.2) 0.002 43 (50.6) 0.047 85 50 (58.8) 0.008 53 (62.4) 0.046 83 46 (55.4) 0.064
III–IV 74 49 (66.2) 49 (66.2) 74 58 (78.4) 57 (77.0) 70 49 (70.0)

Estrogen receptor
status

� 94 53 (56.4) 0.28 57 (60.6) 0.394 94 61 (64.9) 0.325 62 (66.0) 0.29 91 59 (64.8) 0.397
� 65 31 (47.7) 35 (53.8) 65 47 (72.3) 48 (73.8) 62 36 (58.1)

Progesterone receptor
status

� 90 50 (55.6) 0.432 55 (61.1) 0.343 90 61 (67.8) 0.964 62 (68.9) 0.927 87 56 (64.4) 0.505
� 69 34 (49.3) 37 (53.6) 69 47 (68.1) 48 (69.6) 66 39 (59.1)

HER-2
Low 107 48 (44.9) 0.004 52 (48.6) 0.001 107 74 (69.2) 0.632 77 (72.0) 0.276 104 58 (55.8) 0.019
High 52 36 (69.2) 40 (76.9) 52 34 (65.4) 33 (63.5) 49 37 (75.5)

Ki67
� 29 10 (34.5) 0.137 9 (31.0) 0.002 29 22 (75.9) 0.541 19 (65.5) 0.93 28 17 (60.7) 0.567
�� 37 19 (51.40) 19 (51.4) 37 24 (64.9) 27 (73.0) 36 20 (55.6)
��� 52 30 (57.7) 34 (65.4) 52 37 (71.2) 36 (69.2) 49 37 (75.5)
���� 41 25 (61.0) 30 (73.2) 41 25 (61.0) 28 (68.3) 40 27 (67.5)

Values in bold are significant (P � 0.05).
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cantly higher than patients whose tumors were positive for
mRNA expression of either hGH or hPRL (Table 3). Ap-
proximately 40% of mammary carcinomas were positive
for both hGH and hPRL mRNA (Supplemental Table 2).
The RFS and OS rates for patients whose tumors were
negative for the mRNA for both hormones were greatly
and significantly higher compared with those patients
whose tumors were both hGH mRNA and hPRL mRNA
positive (P � 0.005 and P � 0.007, respectively) (Fig. 3
and Table 3) or those patients whose tumor was either
hGH mRNA positive or hPRL mRNA positive alone.

Given the association of hGH expression with HER-2
positivity observed above, we examined for a potential
association of hGH or hPRL expression with RFS or OS in
the subgroups of patients with tumors with either HER-2
low or HER-2 high expression. Although the expression of

hGH or PRL mRNA in patients with HER-2-low tumors
tended to correlate with RFS and OS, only the expression
of hGH protein was significantly correlated with a shorter
RFS (P � 0.024, Supplemental Table 7). In patients with
HER-2-high tumors, no such tendency or significant cor-
relation with RFS or OS existed for hGH mRNA or pro-
tein (P � 0.05). However, hPRL mRNA expression was
significantly correlated with RFS (P � 0.035) (hPRL pro-
tein approached but did not reach significance), and hPRL
protein was significantly correlated with OS (P � 0.04) in
HER-2-high patients (hPRL mRNA approached but did
not reach significance).

Similarly for endometrial carcinoma, Kaplan-Meier
analyses demonstrated that the expression of either hGH
or hPRL mRNA or protein predicted poor RFS and OS,
compared with patients whose tumors did not express

TABLE 2. Association of tumor hGH or hPRL mRNA and tumor hGH, hPRL, or hPL protein expression with
clinicopathological parameters of patients with endometrial carcinoma

Parameter

hGH-positive expression, n (%) hPRL-positive expression, n (%)
hPL-positive

expression, n (%)

n mRNA P Protein P n mRNA P Protein P n Protein P
Age (yr)

�60 57 27 (47.4) 0.155 31 (54.4) 0.137 57 31 (54.4) 0.639 32 (56.1) 0.723 53 39 (73.6) 0.037
�60 13 9 (69.2) 10 (76.9) 13 8 (61.5) 8 (61.5) 13 13 (100)

Menopausal status
Premenopausal 17 7 (41.2) 0.331 9 (52.9) 0.588 17 12 (70.6) 0.156 12 (70.6) 0.198 16 14 (87.5) 0.327
Postmenopausal 53 29 (54.7) 32 (60.4) 53 27 (50.9) 28 (52.8) 50 38 (76.0)

FIGO stage
I � II 62 30 (48.4) 0.156 35 (56.5) 0.316 62 31 (50.0) 0.007 32 (51.6) 0.009 58 47 (81.0) 0.229
II � IV 8 6 (75.0) 6 (75.0) 8 8 (100.0) 8 (100.0) 8 5 (62.5)

FIGO grade
1 29 9 (31.0) 0.004 10 (34.5) 0.001 29 13 (44.8) 0.123 14 (48.3) 0.207 27 17 (63.0) 0.009
2 � 3 41 27 (65.9) 31 (75.6) 41 26 (63.4) 26 (63.4) 39 35 (89.7)

Lymph node
metastasis

� 67 33 (49.3) 0.085 39 (58.2) 0.771 67 36 (53.7) 0.114 37 (55.2) 0.125 63 51 (81.0) 0.05
� 3 3 (100.0) 2 (66.7) 3 3 (100.0) 3 (100.0) 3 1 (33.3)

Myometrial
invasion

No 15 3 (20.0) 0.006 5 (33.3) 0.025 15 4 (26.7) 0.011 4 (26.7) 0.007 15 10 (66.7) 0.191
Yes 55 33 (60.0) 36 (65.5) 55 35 (63.6) 36 (65.5) 51 42 (82.45)

Cervical
involvement

Negative 64 33 (51.6) 0.942 39 (60.9) 0.189 64 35 (54.7) 0.572 36 (56.3) 0.622 60 48 (80.0) 0.446
Positive 6 3 (50.0) 2 (33.3) 6 4 (66.7) 4 (66.7) 6 4 (66.7)

Ovarian metastasis
Negative 64 31 (48.4) 0.102 35 (54.7) 0.031 64 34 (53.1) 0.154 35 (54.7) 0.175 60 47 (78.3) 0.775
Positive 6 5 (83.3) 6 (100) 6 5 (83.3) 5 (83.3) 6 5 (83.3)

Estrogen receptor
status

� 16 8 (50.0) 0.896 8 (50.0) 0.428 16 6 (37.5) 0.095 9 (56.3) 0.935 16 12 (75.0) 0.67
� 54 28 (51.9) 33 (61.1) 54 33 (61.1) 31 (57.4) 50 40 (80.0)

Progesterone
receptor
status

� 15 9 (60.0) 0.454 7 (46.7) 0.291 15 10 (66.7) 0.335 11 (73.3) 0.153 15 10 (66.7) 0.191
� 55 27 (49.1) 34 (61.8) 55 29 (52.7) 29 (52.7) 51 42 (82.4)

Values in bold are significant (P � 0.05).
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hGH or hPRL, respectively (all P � 0.05). No significant
association was observed between hPL protein expression
and endometrial carcinoma patient RFS or OS rate (both
P � 0.05). The adjusted odds ratios for death of patients
with endometrial carcinoma were significantly elevated in
those patients whose tumors expressed hGH mRNA but
not hPRL mRNA or protein. The adjusted odds ratios are
presented in Supplemental Table 6.

Similarly as for mammary carcinoma, we divided the
endometrial carcinoma cohort into four groups: those
whose tumors were negative, those with low expression,
those with moderate expression, and those with high ex-
pression of hGH or hPRL mRNA or protein, respectively.
Kaplan-Meier analysis of RFS and OS of patients with low
tumor expression of either hGH or hPRL mRNA or pro-
tein was not significantly different from those patients
whose tumors did not express either hGH or hPRL mRNA

or protein (see Supplemental Table 7).
A clear and significant decrease in RFS
and OS was observed in those patients
with moderate through high tumor ex-
pression of hGH or hPRL mRNA or
protein, respectively. Higher tumor ex-
pression of hGH or hPRL mRNA or
protein are therefore significantly asso-
ciated with lower RFS and OS in pa-
tients with endometrial carcinoma.

Approximately 25% of endometrial
carcinoma were negative for both hGH
mRNA and hPRL mRNA, and 20%
were negative for both hGH and hPRL
protein (Supplemental Table 2). Inter-
estingly, these patients whose tumor
was negative for both hGH and hPRL
mRNA or protein exhibited 100% RFS
and OS in the 5-yr follow-up (Table 3).
Approximately 33% of endometrial
carcinoma were both hGH mRNA pos-
itive and hPRL mRNA positive, and
this subgroup of patients had a worse

survival than those with either hGH mRNA expression or
hPRL mRNA expression alone (Supplemental Table 6).

Discussion

Herein we have documented a significant association of
tumor hGH and hPRL expression with histopathological
features of mammary and endometrial carcinoma and
with poor survival of patients with those tumors. This
study therefore provides clear support for the clinical rel-
evance of previously published work reporting an auto-
crine/paracrine role of hGH and hPRL in mammary and
endometrial carcinoma cells (1–5). The association of
hGH and hPRL expression with tumor histopathological
features promoting poor survival outcome in both mam-

FIG. 3. Kaplan-Meier analysis of the significance of expression of tumor hGH mRNA or hPRL
mRNA or both on RFS of patients with mammary and endometrial carcinoma.

TABLE 3. Association of tumor hGH and hPRL mRNA and hGH, hPRL, or hPL protein expression with 5-yr RFS and
OS in patients with mammary and endometrial carcinoma

Mammary carcinoma Endometrial carcinoma

RFS (%) OS (%) RFS (%) OS (%)

mRNA P Protein P mRNA P Protein P mRNA P Protein P mRNA P Protein P

hGH�/hGH� 66.7/50.0 0.041 69.2/50.0 0.016 73.3/54.5 0.024 73.1/56.8 0.049 97.0/76.5 0.016 96.6/78.9 0.035 97.0/76.5 0.017 96.6/78.9 0.028
hPRL�/hPRL� 74.4/49.4 0.009 71.4/51.2 0.036 76.7/56.6 0.025 73.8/58.3 0.082 96.6/78.9 0.032 96.4/79.5 0.039 96.6/78.9 0.023 96.4/79.5 0.028
hPL�/hPL� 56.3/59.5 0.815 64.6/63.5 0.76 87.8/78.6 0.354 87.8/78.6 0.391
hGH-hPRL�/hGH� 80.0/50.6 0.016 77.3/50.0 0.037 84.0/57.6 0.025 77.3/56.8 0.094 100.0/78.9 0.046 100.0/78.9 0.039 100.0/78.9 0.041 100.0/78.9 0.041
hGH- hPRL�/hPRL� 80.0/48.4 0.011 77.3/52.3 0.053 84.0/53.1 0.011 77.3/59.3 0.133 100.0/76.5 0.034 100.0/78.4 0.047 100.0/76.5 0.032 100.0/78.4 0.034
hGH�hPRL�hPL�/

hPL�

87.5/76.9 0.511 87.5/76.9 0.511 100.0/100.0 1 100.0/100.0 1

hGH-hPRL�/hGH�

hPRL�

80.0/43.8 0.005 77.3/46.4 0.021 84.0/50.0 0.007 77.3/53.6 0.062 100.0/68.2 0.012 100.0/70.8 0.029 100.0/68.2 0.013 100.0/70.8 0.022

Values in bold are significant (P � 0.05).
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mary and endometrial carcinoma is also consistent with
the published biological effects of these hormones acting
in an autocrine or paracrine manner (1–5). For example,
in this study, hGH expression was highly and significantly
associated with myometrial invasion in endometrial car-
cinoma. Previous work has demonstrated that forced ex-
pression of hGH in endometrial carcinoma cells results in
a highly invasive cell phenotype with in vivo tumor cell
invasion (13). Myometrial invasion itself is a poor prog-
nostic factor for patients with endometrial carcinoma
(13). Similarly, the association of hGH expression with the
Ki67 labeling index in mammary carcinoma is consistent
with the published proliferative actions of autocrine hGH
in human mammary carcinoma cells (2, 9). Furthermore,
consistent with our work herein, and while this work was
in progress, it was reported (21) that intratumoral GH
levels in dogs with mammary carcinoma were of prognos-
tic survival value for these animals.

Herein, we have described an association of both hGH
and hPL expression with HER-2 positivity. The HER-2
gene is amplified in approximately 20% of human breast
cancers, in which it is associated with aggressive disease
and early development of metastasis. The HER-2 status of
mammary carcinoma is clinically relevant and functions as
an effective biomarker of patient prognosis and therapeu-
tic susceptibility to trastuzumab (Herceptin), a Food and
Drug Administration-approved humanized monoclonal
antibody targeting HER-2 (28). In this regard it is inter-
esting that frequent coamplification of two different re-
gions on chromosome 17q has been reported (25) with
HER-2 at 17q21. The 66.5-kb hGH and placental lacto-
gen gene cluster is located at chromosome 17q23, within
the frequently amplified 17q22-q24 region (25), and con-
tains the genes for GH1, CSHP1, CSH1, GH2, and CSH2
(29). The CSH (hPL) genes were reported to be amplified
in 22% of mammary carcinomas and both the hPL and
HER-2 genes were frequently and significantly coampli-
fied (25). It has therefore also been suggested (25), and
given the association of hGH expression with HER-2 sta-
tus observed in this study, that it is expected that the hGH
genes would also be coamplified with hPL. In contrast, the
hPRL gene is located on chromosome 6, and concor-
dantly, no association of hPRL expression with HER-2
status was observed in this study. However, previous re-
ports have detailed extensive histopathological associa-
tion and functional interactions between hPRL and
HER-2 (30, 31). For example, mammary carcinomas with
coexpression of hPRL and HER-2 exhibit higher prolif-
erative and metastatic activity than carcinomas with ex-
pression of either alone (30). PRL stimulates the Janus
kinase-2-dependent phosphorylation of HER-2, associa-
tion of HER-2 with growth factor receptor-bound pro-

tein-2, and activation of MAPK in mammary carcinoma
cells (30). Similarly, hGH has also been reported to stim-
ulate phosphorylation of the epidermal growth factor
receptor and its use as a signaling adaptor (32). hPL ex-
pression was also detected in mammary cancers with no
amplification of the hPL genes, suggestive that amplifica-
tion was not the only mechanism producing increased ex-
pression of hPL in mammary cancer (27). Similarly, we
observed herein that hPL and hGH are also expressed in
HER-2 low tumors. Recent genetic studies (27) have given
importance to amplified oncogenes in establishing the car-
cinoma cell phenotype (33). That the hGH gene cluster
appears to be frequently amplified in mammary cancer
and that hGH is significantly increased in expression in
mammary carcinoma and associated with survival out-
come are indicative of a pivotal role for hGH in mammary
carcinoma.

We observed independent and synergistic effects of
hGH and hPRL on survival outcomes in mammary and
endometrial carcinoma. The most favorable survival out-
come was observed in patients whose tumors, either mam-
mary or endometrial, were both hGH and hPRL negative.
This observation is concordant with extensive similarities
and redundancies in signal transduction pathways used by
these hormones (33–35) and reported autocrine effects of
these hormones in mammary and endometrial carcinoma
cells (9, 13, 36, 37). hGH is able to bind to both the hGH
and hPRL receptors (38), and recent reports also suggest
hGH-hPRL receptor heterodimers may be formed in hu-
man mammary carcinoma cells (39). A single point mu-
tation at G120 in hGH is therefore able to generate an
antagonist to hGH, hPRL, and hPL, whereas the analo-
gous point mutation in hPRL produces only a hPRL-spe-
cific antagonist (37). There may, however, be alternative
interacting proteins for these hormones. Indeed, these hor-
mones have been demonstrated to bind to lysyl oxidase in
order of affinity hPL greater than hGH greater than hPRL
(40). hPL was also demonstrated to functionally synergize
with lysyl oxidase to increase mammary carcinoma cell
proliferation and migration. Clevenger and colleagues
(26) have furthermore previously demonstrated that both
hPRL and hGH physically and functionally interact with
cyclophilin B. It is possible that the interaction of hGH and
hPRL with alternative proteins of functional significance
may use different regions of the hormones required for
interaction with the classic hGH and hPRL receptors. Re-
gardless of the promiscuity of these ligands, antagonists
such as hGH-G120R, able to effect dual inhibition of both
hGH and hPRL, would presumably not only be more func-
tionally efficacious to inhibit tumor growth but also more
cost effective for clinical use. Indeed, combined inhibition
of hGH and hPRL with specific antagonists elicits more
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profound inhibitory effects on mammary carcinoma cell
signaling pathways than does either antagonist alone (39).
Such dual-inhibitory strategies would presumably also re-
duce the potential for acquisition of tumor resistance to
single administration of either specific hGH or hPRL
inhibitors.

In summary, we have observed that expression of both
hGH and hPRL in mammary and endometrial carcinoma
predicts a large and significant difference in survival out-
come for patients with these tumors. In addition, hGH and
hPRL also function as endocrine hormones, with hGH the
major regulator of both peripheral and local IGF-I expres-
sion (5). Indeed, animal and primate studies have demon-
strated a pivotal role of endocrine GH in tumor initiation
and progression (for review see Refs. 2 and 5). The survival
differences observed herein are clearly independent of pi-
tuitary-derived hGH and consequent hGH-dependent he-
patic IGF-I expression or pituitary-derived hPRL. It is
therefore logical speculation that combined systemic in-
hibition of hGH and hPRL will produce greater survival
advantage to patients than can be inferred from the tumor
expression data herein. The functional responses of both
hGH negative and hGH positive primary human mammary
carcinomacells toexogenoushGH(41) lendscredencetothis
notion. The accumulated literature is compelling and must
provide impetus for serious consideration of the combined
therapeutic inhibition of hGH and hPRL, at least in mam-
mary and endometrial carcinoma.

Acknowledgments

Address all correspondence and requests for reprints to: Peter E.
Lobie, M.D., Ph.D., Cancer Science Institute of Singapore, Na-
tional University of Singapore, Centre for Life Sciences, 03-06C,
28 Medical Drive, Singapore 117456. E-mail: csipel@nus.
edu.sg; or Tao Zhu, M.D., Ph.D., Hefei National Laboratory for
Physical Sciences at Microscale and School of Life Sciences, Uni-
versity of Science and Technology of China, Hefei, Anhui, People’s
Republic of China. E-mail: zhuttt@gmail.com.

This work was supported by the Cancer Science Institute of
Singapore; Perseis Therapeutics Ltd.; the National Key Scientific
Program of China (Grants 2010CB912804, 2007CB914801,
and 2007CB914503); the National Natural Science Foundation
of China (Grants 30971492, 30725015, and 30873047); the
Fundamental Research Funds for the Central Universities
(WK2070000008); and the Chinese Academy of Sciences Vis-
iting Professorship for Senior International Scientists (Grant
2010T2SO3).

Disclosure Summary: P.E.L. is an inventor on patent
US2010-0203060A1. T.Z. and P.E.L. consult for Perseis
Therapeutics Ltd. Z.-S.W., K.Y., Y.W., P.-X.Q., J.K.P., J.C.,
and H.C.M. have nothing to declare.

References

1. Clevenger CV 2003 Role of prolactin/prolactin receptor signaling in
human mammary cancer. Breast Dis 18:75–86

2. Perry JK, Emerald BS, Mertani HC, Lobie PE 2006 The oncogenic
potential of growth hormone. Growth Horm IGF Res 16:277–289

3. Kleinberg DL, Wood TL, Furth PA, Lee AV 2009 Growth hormone
and insulin-like growth factor-I in the transition from normal mam-
mary development to preneoplastic mammary lesions. Endocr Rev
30:51–74

4. Fernandez I, Touraine P, Goffin V 2010 Prolactin and human tu-
mourogenesis. J Neuroendocrinol 22:771–777

5. Chhabra Y, Waters MJ, Brooks AJ 2011 Role of the growth hor-
mone-IGF-1 axis in cancer. Expert Rev Endocrinol Metab 6:71–84

6. Menashe I, Maeder D, Garcia-Closas M, Figueroa JD, Bhattacharjee
S, Rotunno M, Kraft P, Hunter DJ, Chanock SJ, Rosenberg PS,
Chatterjee N 2010 Pathway analysis of mammary cancer genome-
wide association study highlights three pathways and one canonical
signaling cascade. Cancer Res 70:4453–4459

7. Harvey S 2010 Extrapituitary growth hormone. Endocrine 38:335–
359

8. Thijssen JH 2009 On the possible role of mammary-derived growth
hormone in human mammary cancer. Maturitas 65(Suppl 1):S13–
S16

9. Perry JK, Mohankumar KM, Emerald BS, Mertani HC, Lobie PE
2008 The contribution of growth hormone to mammary neoplasia.
J Mammary Gland Biol Neoplasia 13:131–145

10. Zhu T, Starling-Emerald B, Zhang X, Lee KO, Gluckman PD,
Mertani HC, Lobie PE 2005 Oncogenic transformation of human
mammary epithelial cells by autocrine human growth hormone.
Cancer Res 65:317–324

11. Mukhina S, Mertani HC, Guo K, Lee KO, Gluckman PD, Lobie PE
2004 Phenotypic conversion of human mammary carcinoma cells by
autocrine human growth hormone. Proc Natl Acad Sci USA 101:
15166–15171

12. Brunet-Dunand SE, Vouyovitch C, Araneda S, Pandey V, Vidal LJ,
Print C, Mertani HC, Lobie PE, Perry JK 2009 Autocrine human
growth hormone promotes tumor angiogenesis in mammary carci-
noma. Endocrinology 150:1341–1352

13. Pandey V, Perry JK, Mohankumar KM, Kong XJ, Liu SM, Wu ZS,
Mitchell MD, Zhu T, Lobie PE 2008 Autocrine human growth hor-
mone stimulates oncogenicity of endometrial carcinoma cells. En-
docrinology 149:3909–3919

14. Bhatavdekar JM, Patel DD, Shah NG, Vora HH, Suthar TP, Ghosh
N, Chikhlikar PR, Trivedi TI 2000 Prolactin as a local growth pro-
moter in patients with mammary cancer: GCRI experience. Eur
J Surg Oncol 26:540–547

15. Yurkovetsky Z, Ta’asan S, Skates S, Rand A, Lomakin A, Linkov F,
Marrangoni A, Velikokhatnaya L, Winans M, Gorelik E, Maxwell
GL, Lu K, Lokshin A 2007 Development of multimarker panel for
early detection of endometrial cancer. High diagnostic power of
prolactin. Gynecol Oncol 107:58–65

16. Levina VV, Nolen B, Su Y, Godwin AK, Fishman D, Liu J, Mor G,
Maxwell LG, Herberman RB, Szczepanski MJ, Szajnik ME, Gorelik
E, Lokshin AE 2009 Biological significance of prolactin in gyneco-
logic cancers. Cancer Res 69:5226–5233

17. Mol JA, Henzen-Logmans SC, Hageman P, Misdorp W, Blanken-
stein MA, Rijnberk A 1995 Expression of the gene encoding growth
hormone in the human mammary gland. J Clin Endocrinol Metab
80:3094–3096

18. Raccurt M, Lobie PE, Moudilou E, Garcia-Caballero T, Frappart L,
Morel G, Mertani HC 2002 High stromal and epithelial human GH
gene expression is associated with proliferative disorders of the
mammary gland. J Endocrinol 175:307–318

19. Ratkaj I, Stajduhar E, Vucinic S, Spaventi S, Bosnjak H, Pavelic K,
KraljevicPavelic S 2010 Integrated gene networks in mammary can-
cer development. FunctIntegr Genomics 10:11–19

20. Slater M, Cooper M, Murphy CR 2006 Human growth hormone

E1628 Wu et al. hGH and hPRL Predict Survival in Cancer J Clin Endocrinol Metab, October 2011, 96(10):E1619–E1629



and interleukin-6 are upregulated in endometriosis and endometri-
oid adenocarcinoma. Acta Histochem 108:13–18
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