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Abstract of the original article

The human growth hormone (hGH) gene is expressed in the normal human mammary epithelial cell and its
expression increases concomitantly with the acquisition of proliferative lesions. Herein we demonstrate that
autocrine production of hGH in human mammary carcinoma cells dramatically enhances anchorage-inde-
pendent growth in a Janus kinase 2-dependent manner. Forced expression of the hGH gene in immortalized
human mammary epithelial cells increased proliferation, decreased apoptosis, altered the cellular morphology
and resulted in oncogenic transformation. Autocrine hGH was therefore sufficient to support anchorage-inde-
pendent growth of immortalized human mammary epithelial cells and tumor formation in vivo. Moreover,
autocrine hGH disrupted normal mammary acinar architecture with luminal filling and deregulated proliferation
in three-dimensional epithelial cell culture. Autocrine hGH utilized homeobox A1 to govern the transcriptional
program required for autocrine hGH-stimulated oncogenic transformation of human mammary epithelial cells,
including transcriptional up-regulation of c-Myc, cyclin D1, and bcl-2. Forced expression of a single orthotopi-
cally expressed wild-type gene is therefore sufficient for oncogenic transformation of the immortalized human
mammary epithelial cell.

Review proceeds to a level sufficient for lactation during

Growth hormone and prolactin are pituitary hormones
that circulate to influence a large number of physio-
logical processes. One target of these hormones is
the mammary gland where they regulate normal
development via their endocrine action. Growth hor-
mone receptors are located throughout the mam-
mary gland. Ductal development fails during puberty
in growth hormone receptor knockout mice, but
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pregnancy [1]. Prolactin receptors are predominantly
located on the mammary epithelial cells, and conse-
quently glands formed from prolactin receptor null
epithelium fail to develop lobuloalveolar during preg-
nancy [2]. Both of these hormones can also be pro-
duced by the mammary gland under normal
physiological conditions, suggesting that they may
have an additional autocrine role. Forced over expres-
sion of human growth hormone (hGH) or prolactin [3]
in the mouse mammary gland results in mammary
cancer via activation of the prolactin receptor [4], as
hGH also activates the prolactin receptor. Loss of
the prolactin gene from the epithelium only has no
effect on development, but results in reduced cell
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proliferation in late pregnancy, indicating a biological
role for physiological production of autocrine pro-
lactin [5]. The prospective Nurse’s Health Study has
shown that high serum prolactin is associated with
elevated relative risk of breast cancer [6,7]. In con-
trast, an effect of endocrine growth hormone has not
been demonstrated in mammary or breast cancer [8].
Against this background, Peter Lobie and col-
leagues have explored the consequences of over
expression of hGH (autocrine hGH) in cells of mam-
mary origin. Initial experiments characterized pooled
stable transfectants of human breast cancer cells
expressing hGH, MCF-7-hGH. The parent (MCF-7)
and control (MCF-7-MUT) cell lines showed an
increase in cell number in response to treatment with
exogenous hGH, while the MCF-7-hGH cells showed
an increase in cell number in the absence of hGH.
This increase was muted in response to exogenous
hGH and abrogated by the GH antagonist G120R or
inhibitors of the Map kinase pathway [9]. Later stud-
ies showed that the hGH antagonist B2036 (which
unlike G120R [10] does not interact with the pro-
lactin receptor [11]) can also abrogate the effects of
autocrine hGH [12]. A publication in 2003 provided
the first hints that oncogenesis could result from
autocrine hGH but also that the mechanism behind
these observations was not as simple as presumed.
Autocrine hGH increased expression and activity
of the HOXA1 oncogene, but ‘although exogenous
hGH increased HOXA1 mRNA, it did not result in an
increase in HOXA1 protein nor transcriptional activ-
ity’ [13]. Work published later that year showed that
autocrine hGH produced an epithelial to mesenchy-
mal transition (EMT) in MCF-7 cells and conferred
migratory and invasive phenotypes, both as cell cul-
tures and when grown as xenografts in mice [14].
The oncogenic consequences of autocrine hGH
along with contrasting actions of exogenous and
autocrine hGH were further explored in the paper
that is the subject of this review [15]. MCF-7-hGH
cells showed colony formation in soft agar that was
not reproduced by exogenous treatment with hGH
of the control MCF-7-MUT cells. When autocrine
hGH was expressed in non-tumorigenic MCF-10A
cells the same result was obtained. The MCF-10A-
hGH cells showed faster cell proliferation, resistance to
apoptosis, and a stellate growth pattern on matrigel.
When cultured in three dimensions the MCF-10A-hGH
cells proliferated more than the parent cell line and did
not undergo luminal apoptosis. As xenografts they
were tumorigenic in contrast to the controls, where
no tumors occurred during the time of the experi-
ment. Autocrine hGH also transformed NIH-3T3
cells. Returning to mechanism, HoxA1 regulation by
autocrine hGH increased c-myc, cyclin D1, bcl-2,
and hTERT expression, the later the subject of a
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future publication. Thus autocrine expression of hGH
results in mammary carcinogenesis.

A key point to be established is whether autocrine
expression of hGH is seen in human breast cancer
and whether it contributes to pathogenesis. Does
autocrine hGH expression correlate with measura-
ble disease parameters such as tumor size, grade
and metastasis, or does it confer a change in the
rate of tumor progression and subsequent patient
outcome? It may be that autocrine hGH is a factor in
the generation of early proliferative lesions that is
lost in advanced cancer. Thus, any further study
aimed at addressing these issues should include
normal breast, early proliferative lesions, and ductal
carcinomas in situ. It is also likely that this event
would be coupled to the generation of histological
changes in the stromal compartment, as xenografts
of MCF-7-hGH cells produce a strong stromal
reaction [14].

The failure of exogenous hGH to reproduce
many of the effects of autocrine hGH is intriguing.
Interestingly, the same observation has been made
for autocrine prolactin [16]. A number of hypotheses
have been proposed. Lobie and colleagues specu-
late that it maybe the continual exposure to growth
hormone produced by vector based over expression
that is not reproduced by the addition of GH to the
media [15]. A pulsatile pattern is seen in pituitary
secretion in humans, which when reproduced in vitro
produced changes in Stat5b activation that are dis-
tinct from continual exposure [17]. A simple test of
this hypothesis would be a co-culture experiment
where hGH expressing cells provide a constant sup-
ply of hGH to normal cells. Alternatively it may be
that autocrine hGH is not acting entirely at the cell
surface, but instead at the Golgi or endoplasmic
reticulum in a way that escapes negative regulation
by the SOCS protein, or in the nucleus via a novel
mechanism [8]. It is possible that autocrine hGH
elicits the production of other growth factors by the
cell, such as the insulin growth factors (IGFs). A key
aspect of these hypotheses is that vector driven
over expression may have disrupted the cell’s
normal sub-cellular partitioning of hGH. Perhaps
intracrine hGH may prove to be a more correct
description of hGH action during forced expression.

Another issue is the role of the prolactin receptor
signaling pathway. The effect of autocrine hGH is
clearly dependent on the presence of the growth
hormone receptor, as demonstrated by the ability of
growth hormone antagonists to prevent a number of
actions of autocrine hGH [12]. This does not exclude
the potential for hGH activation of the prolactin
receptor to contribute to the effect of autocrine hGH.
It also remains possible that the GH antagonists
used possess undiscovered and species specific
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actions via the prolactin receptor [10]. It would be
interesting to know if antagonists of the prolactin
receptor (human prolactin G129R or S179D), or
knock down of the prolactin receptor can modulate
the action of autocrine hGH, to conclusively include
or exclude this mechanism. It is possible that autocrine
expression of hGH in some way allows hGH to inap-
propriately activate both the growth hormone and
prolactin receptor, stimulating two pathways to pro-
vide the proliferative, antiapoptotic, EMT, and inva-
sive characteristics required for carcinogenesis.
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