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Abstract Malignant tumors express multiple factors that

have some role in the regulating networks supporting their

ectopic growth. Recently, increased interest has been

developing in the expression and biological role of the

neuropeptides and receptors of the corticotropin releasing

factor (CRF) system, the principal neuroendocrine media-

tor of the stress response, especially in the light of several

R&D programs for small molecule antagonists that could

present some anticancer therapeutic benefit. In the present

article, we review the literature suggesting that the CRF

system could be involved in the regulation of human cancer

development. Potential implication in growth, metastasis,

angiogenesis, or immune parameters via activation of

locally expressed receptors could be clinically exploited by

presenting targets of new therapeutic approaches.
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Introduction

CRF and its family of ligands include the non-mammalian

sauvagine and urotensin I, and the mammalian urocortins

(Ucns) 1, 2 (stresscopin-related peptide, SRP) and 3

(stresscopin, SCP), which are also found in humans [1–3].

Corticotripin releasing factor (CRF) is a hypothalamic

factor that was discovered as an active principal in 1955

[4, 5], whereas ovine CRF was only isolated and sequenced

in 1981 [6]. The human CRF is a 41-amino-acid peptide

and its gene consists of two exons separated by an intron in

its 50 untranslated region [7]. CRF is the principal coordi-

nator of the hypothalamic–pituitary–adrenal axis mediating

behavioral, autonomic, and neuroendocrine responses to

stressors [6].

The CRF homologues urocortins (Ucn) are similar sized

neuropeptides that exhibit high sequence homology with

CRF [8]. Ucn1, Ucn2, and Ucn3 are found in the periphery

as well as in the central nervous system [8–11]. Human

Ucn1 is expressed in the brain, pituitary, heart, vascular

system, reproductive organs, and the gastrointestinal tract

[12–16]. Although it is not yet clear whether human tissues

express Ucn2 [9, 10], Ucn3 has been reported in the human

brain, heart, kidney, reproductive organs, and gastrointes-

tinal tract [17–19].

CRF and Ucns mediate stress responses, cardiovascular

and immune functions via two CRF receptors, which are

found in the CNS, the pituitary, heart, vascular system, and

lymphocytes [20, 21]. Both CRF receptors, CRF1 and

CRF2, are G protein coupled receptors encoded by two

different genes. They share 69% amino acid homology but

they have different tissue distributions and pharmacologi-

cal properties [22, 23]. CRF has tenfold higher affinity for

CRF1 than CRF2 receptor. Ucn1 binds to both CRF1 and

CRF2 receptors, whereas Ucn2 and Ucn3 are highly

selective for the CRF2 receptor with little affinity for the

CRF1 receptor [8, 10, 11]. Binding of CRF-related peptides

to the CRF receptors stimulates cAMP production and

subsequently activates the protein kinase A (PKA) pathway
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[3, 8]. In addition to CRF receptors, a soluble CRF binding

protein (CRF-BP) binds CRF and Ucn1 with different

affinities [24] (Fig. 1).

Based on studies using experimental models, the CRF

family of neuropeptides and their receptors has been sug-

gested to be involved in the development, metastasis, and

immune escape of several malignancies. The available

information regarding the expression of the CRF system in

a wide spectrum of human malignancies, and, moreover,

the elucidation of its biological role needed to support a

pathophysiological significance of these findings, is so far

limited. In this review, we present an overview of recent

findings and knowledge about CRF and cancer. In the light

of several R&D programs for small molecule antagonists

that could present some anticancer therapeutic benefit, a

review covering this topic seems to be timely for the crit-

ical reading of the literature.

CRF and prostate cancer

In the mid-1980s, the presence of CRF was investigated in

formalin-fixed, paraffin-embedded human tissues and was

reported in one out of three small-cell prostate carcinomas

CRF-BP

NF- B AP-1
PI3K/AktBcl-2

homologues

CRF1 CRF2

AP-1
PI3K/AktBcl-2

homologues

MAPK/ERK

gene transcription
cell cycle 
apoptosis

cell metabolism

homologues

MAPK/ERK

gene transcription
cell cycle 
apoptosis

cell metabolism

homologues

cell metabolism
angiogenesis malignant transformation

cancer progression
anti-cancer effects

cell metabolism
angiogenesis malignant transformation

cancer progression
anti-cancer effects

Fig. 1 The CRF system of

peptides and binding sites.

Potential signaling pathways

related to cancer

1294 A. Kaprara et al.



[25] and in prostate tissue sections from a patient with a

small-cell prostate carcinoma with multiple metastases

[26]. The CRF-like material could also be demonstrated in

an extract of the prostatic tumor by radioimmunoassay, and

the material from both plasma and tumor extract eluted at

the position of human CRF on gel chromatography. In

contrast, CRF immunoreactivity was not found in the

prostate tumor of a 57-year-old man with Cushing’s syn-

drome and a large pituitary prostatic cancer presenting high

levels of serum cortizol, ACTH, and CRF [27]. It should be

noted, however, that in the earlier studies before the

identification of Ucn1 in 1995, CRF-like immunoreactivity

detected in prostate tumors could represent cross-reaction

of the antibodies used with Ucn rather than CRF, especially

when immunoreactivity was not confirmed at the gene

expression level. Indeed, expression of Ucn1 in the human

benign prostate and prostate cancer has been reported

recently. Ucn1 expression was evaluated in three prostatic

adenocarcinomas by RT-PCR and immunohistochemistry.

Ucn1 mRNA and peptide were demonstrated in all speci-

mens tested, with tumor cells showing moderate to

markedly intense cytoplasmic immunoreactivity, and

endothelial cells of tumor vessels also being positive. No

correlation was found between Ucn1 immunostaining and

tumor grade [28].

Reubi et al. [29] evaluated the expression of CRF1 and

CRF2 receptors in 11 prostate carcinomas using in vitro

autoradiography with subtype-selective CRF analogs and

found no CRF receptor expression. In agreement with these

data, RT-PCR in lysates of prostate cancer exhibited no

expression of CRF2 mRNA in contrast to normal prostate

lysates that contained CRF2 mRNA transcripts. At the

protein level, CRF2 receptor has been studied by immu-

nofluorescence of 32 cases of prostatic adenocarcinomas in

parallel with the corresponding normal tissues. The tumoral

neovascular system exhibited no immunopositivity for

CRF2 receptor, while in benign tissues, smooth muscle

components of the stroma, endothelial cells of blood ves-

sels, and to a lesser extent vascular smooth muscle, were

found positive for CRF2. It was concluded that, while

Ucn1 expression in prostate cancer is identical to that of

non-malignant prostate tissues, expression loss of CRF2 in

prostate cancer and its neovascularization may contribute

to prostate tumorigenesis, progression, and neoangiogene-

sis [30].

CRF and endometrial carcinoma

The first report of CRF expression in human endometrium

was in 1995 and showed the presence of CRF mRNA in the

human endometrial adenocarcinoma cell line Ishikawa by

northern blot hybridization. Immunoreactive CRF was also

detectable. Gel filtration chromatography of Ishikawa cell

extracts and their culture media showed the presence of the

authentic CRF peptide and probably the presence of CRF

precursor molecules, whereas immunofluorescence staining

of CRF revealed a cytoplasm rich in granules positive for

immunoreactive CRF [31]. The possible antiproliferative

effect of CRF on the Ishikawa adenocarcinoma cell line

was later investigated. CRF induced time- and concentra-

tion-dependent inhibition of Ishikawa cell growth. A

decrease in telomerase activity, which paralleled tumor

growth inhibition, was also observed in CRF-treated sam-

ples. The antiproliferative effect involved the CRF1

receptor [32]. In the same cell line, CRF counteracted the

increase in cell proliferation caused by estradiol [33]. In

addition, 21% of tumor tissues from 19 untreated patients

with the diagnosis of primary endometrial cancer expressed

the CRF1 receptor gene as shown by RNase protection

assay. Ucn1 mRNA and peptide expression were decreased

in endometrial adenocarcinoma. The levels of Ucn1 mRNA

in 9 endometrial adenocarinoma, both well and poorly

differentiated, were shown to be significantly lower than in

13 healthy postmenopausal women used as controls, as

evaluated by quantitative RT-PCR. Immunoreactive Ucn1

was found in healthy luminal and grandular epithelial cells

but not in neoplastic samples [34].

Finally, in a most recent study, the expression and

intracellular localization of CRF and its two receptor sub-

types in surgical specimens from 51 untreated endometrial

cancer patients as well as normal surrounding tissues were

investigated by immunohistochemistry. A diffuse cyto-

plasmic staining was found in 100% (51 from 51), 92% (34

from 37), and 61% (31 from 51) of tumor specimens for

CRF, CRF1 and CRF2 receptor, respectively. The sur-

rounding normal endometrial glands showed a typical

paranuclear/apical pattern for CRF and stained for CRF2

receptor at the nuclear level, whereas CRF1 receptor

staining was similar to that observed in tumors. CRF2

cytoplasmic pattern was associated with more advanced

FIGO stage disease [34, 35]. In contrast, positive correla-

tion was found between CRF1 and progesterone receptor

expression suggesting a potential role of this receptor in the

characterization of less aggressive tumors. Indeed, pro-

gesterone has been found to induce the transcription of the

CRF gene in human endometrial stroma [109]. These

findings point to a differential involvement of the two

receptors in the pathophysiology of endometrial cancer.

CRF and breast cancer

Breast cancer tumors are known to express multiple neuro-

peptides and their receptors. The presence of immuno-

reactive CRF, as well as GnRH, GHRH, and somatostatin
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was firstly studied by immunohistochemistry in 40 pre- and

postmenopausal patients with operable breast cancer. CRF

was found in 14 out of 40 breast cancers (35%), in the

cytoplasm or in the nuclei of the tumor cells, and there was

no relationship to the clinical stage of the disease. Positive

immunostaining for CRF was present in colloid, lobular,

and infiltrating ductal carcinomas [36]. However, these

studies need to be confirmed using peptide-specific anti-

bodies that discriminate between CRF and the homologue

urocortins. Subsequently, the in vivo and in vitro antineo-

plastic potential of human CRF was tested in W256 rat

mammary carcinoma. CRF treatment significantly inhib-

ited the growth and vascular permeability of the W256

tumors and also exhibited antiproliferative and differenti-

ation-inducing effects in W256 cell growth in vitro. These

effects were proved to be CRF receptor mediated, based on

the presence of relatively high levels of CRF1 receptor

mRNA in W256 cells and by the fact that the effects of

human CRF on the tumor were abolished by the CRF

receptor antagonist a-helical CRF (9–41) [37].

The sequencing analysis of the 50 region and the geno-

mic structure of the human CRF1 receptor gene was

presented in 2004, using the human neuronal-like terato-

carcinoma cells NT2, the human neuroblastoma cells SH-

5YSY, and the human breast cancer cells MCF7. The full

genomic organization of the human gene for the CRF1

receptor was reported with complete mapping of exons

1–14. CRF and Ucn1 markedly increased promoter activity

during transient CRF1 receptor expression studies. Simi-

larly, CRF and Ucn1 up-regulated the endogenous CRF1

receptor at the mRNA level in NT2 and MCF7 cells [38].

In order to unfold the biological role of the CRF1

receptor in breast cancer, the effect of CRF on MCF7

proliferation was tested. CRF significantly inhibited cell

growth induced by estradiol, and this effect was not asso-

ciated with the induction of apoptosis. This CRF inhibition

of cell proliferation was counteracted by the nonselective

CRF receptor antagonist, astressin, as well as by a CRF1

selective receptor antagonist, antalarmin. It was shown by

RNase protection assay that MCF7 cells express constitu-

tively the CRF1 receptor subtype transcript under basal

conditions. Finally, the endogenous source of CRF was

shown to be the same cells, as MCF7 cells were found to

express CRF mRNA under basal conditions and to secrete

sizable amounts of immunoreactive CRF. The existence of

a paracrine–autocrine inhibitory mechanism operated by

CRF in breast cancer cells was suggested [39]. In agree-

ment with these findings, Androulidaki et al. showed by

RT-PCR that MCF7 contain high levels of CRF1a mRNA

and very low levels of CRF2c mRNA. The other CRF

receptor subtypes were not detected. Interestingly, while

CRF transiently inhibited apoptosis, it also promoted cell

motility and invasiveness most probably via induction of

focal adhesion kinase phosphorylation, actin filament

reorganization, and production of prostaglandins via Cox 1

[40]. These findings support a role of the CRF system

(CRF/CRF1) in breast cancer cell growth, homeostasis,

motility, and metastatic potential.

CRF and ovarian cancer

The presence of immunoreactive CRF was firstly reported

in ovarian carcinomas in 1986 [41]. CRF is also produced in

normal human cycling ovaries [15, 42] being significantly

higher in the premenopausal than the postmenopausal

ovaries, suggesting that ovarian CRH is related to normal

ovarian function during the reproductive lifespan. Recently,

Minas et al. examined immunohistochemically the expres-

sion of CRF, CRF1 and CRF2 receptors in 47 human

ovarian cancer cases. They revealed that the tumor cells

produced all the investigated peptides in situ in 68.1, 70.2,

and 63.8% of the cases, respectively. Tumor advancement,

as assessed by increasing tumor stage, was associated with

significantly increased immunohistochemical positivity for

CRF. Furthermore, RT-PCR performed in total mRNA

extracted from the ovarian cancer cell lines OvCa3 and

A2780 revealed the expression of CRF and CRF1 receptor.

CRF2 receptor was only expressed by A2780. Immunoflu-

orescence confirmed these results. CRF increased the

expression of FasL in OvCa3 and A2780 cells through

CRF1, thereby potentiated their ability to induce apoptosis

of activated peripheral blood lymphocytes. It was con-

cluded that CRF produced by human ovarian cancer might

favor survival and progression of the tumor by promoting its

immune privilege [43].

CRF and thyroid cancer

In nonmammalian vertebrates, CRF is considered to be a

potent thyrotropin (TSH)-releasing factor in parallel with

ACTH [44]. The first report of a CRF relevance to thyroid

cancer was in 1976, describing a 45-year-old woman with

medullary thyroid carcinoma that showed a large arterio-

venous increase in plasma CRF-like activity across the

thyroid gland. The tumor tissue also contained CRF-like

activity [45]. Subsequently, several studies reported

expression of CRF in patients with thyroid cancer. Immu-

noreactive CRF was detected in one medullary thyroid

carcinoma by radioimmunoassay [46] and in two of ten

medullary thyroid carcinomas by immunohistochemisty

[25]. In addition, in a 58-year-old man with medullary

carcinoma of the thyroid, 10–30% of the tumor cells were

positive for one out of three CRF antisera tested by im-

munocytology and CRF was detectable in the tumor extract
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by radioimmunoassay [47]. Scopa et al. examined immu-

nohistochemically four follicular and eight papillary

carcinomas, four Hurtle cell tumors, one medullary cancer,

and one insular thyroid carcinoma. Immunoreactive CRF

was detected in the cytoplasm of neoplastic follicular cells

in 100% of Hurtle cell tumors, in 25% of follicular carci-

nomas, and in 50% of papillary carcinomas. The medullary

and the insular carcinoma were also positive for immuno-

reactive CRF [48]. A case of Cushing’s syndrome caused

by a medullary thyroid carcinoma was found to be CRF

positive by immunohistochemistry, as well as material

from the liver mass biopsy of a 45-year-old male with

medullary thyroid carcinoma with liver metastasis pre-

senting Cushing’s syndrome [49, 50]. Finally, a 38-year-

old woman with multiple endocrine neoplasia type II

accompanied by thyroid medullary carcinoma was descri-

bed to express CRF, Ucn1, and Ucn3 by the thyroid

carcinoma and the pheochromocytoma, whereas CRF1 and

CRF2 receptor immunoreactivity was absent in the thyroid

tissue [51]. It was also reported as unpublished data that

Ucn1 and Ucn3 were found in the human normal thyroid.

It was postulated by the authors that the CRF neuropep-

tides act on other tissues in an endocrine manner. This is

the only study using neuropeptide selective antibodies

that confirms the previous findings of CRF expression by

the thyroid tumors. There are no other reports on CRF

receptor expression in the thyroid gland, whether of a

biological role of the system in this organ or in tumors

raising there.

CRF and melanoma

The CRF system is expressed in the normal skin. CRF

neuropeptide production is regulated by ultraviolet radi-

ation, glucocorticoids, and the phase of the hair cycle.

CRF1 is the major receptor in human skin, found in

epidermal and dermal compartments, whereas CRF2 is

located predominantly in dermal structures. Different

CRF biological effects have been shown depending on

skin cell type and nutritional status, including modulation

of differentiation, proliferation, viability, and immune

activity [52].

In skin cancer, expression of CRF mRNA was firstly

demonstrated in a human squamous carcinoma (C4–1) and a

melanoma (SK-MEL188) cell line, using northern blot

hybridization, whereas CRF peptide was identified in the

same cells by reverse-phase HPLC separation. CRF peptide

production was stimulated and inhibited by forskolin and

dexamethasone, respectively. Moreover, stimulation of

melanogenesis down-regulated CRF1 receptor mRNA

expression, without affecting CRF mRNA production [53].

CRF receptor signal transduction pathways were studied in

the human melanoma cell line SK-MEL 188 and the

hamster melanoma cell line AbC1. CRF induced a rapid

and dose-dependent increase in the intracellular Ca2? in

these cells, whereas other peptides of the CRF superfamily,

such as sauvagine and urocortin, also induced cytoplasmic

calcium increases but at higher concentrations than CRF

[54]. These results confirmed the existence of functional

CRF receptors in the melanoma cell lines.

CRF and its receptor mRNA expression were also found

by RT-PCR in cultured human melanoma cells, nevus

cells, and normal melanocytes, with higher levels in mel-

anoma cells. Immunohistochemistry revealed that CRF as

well as POMC were strongly expressed in advanced mel-

anomas, such as vertically growing lesions of acral

lentiginous, nodular, and metastatic melanomas, in contrast

to negative nevus cells. These results indicate that skin

tumor progression accentuates CRF, CRF receptor, and

POMC expression by melanoma cells [55]. Elevated CRF

levels might stimulate expression of POMC peptides, thus

indirectly endowing melanoma cells with enhanced growth

and metastatic abilities through a a-melanocyte stimulating

hormone (MSH) mechanism, forming a local organization

structure similar to that found in the hypothalamo–pituitary

axis. To support this, CRF and POMC expression coin-

cided in about 50% of advanced melanoma cells [55]. In

order to clarify whether high expression of POMC corre-

lates with CRF and the possible role of CRF as a melanoma

growth factor, 25 cases of primary malignant melanoma

and 20 cases of metastatic melanoma were immunohisto-

chemically analyzed in parallel with five metastatic

melanoma cell lines. Thirty-six percent of primary mela-

noma as well as 67% of metastatic melanoma showed

positive staining for CRF. None of the CRF positive

specimens were negative for POMC. In 7 out of 9 CRF

positive melanomas and in 7 out of 12 CRF positive met-

astatic melanomas, co-localization of CRF and POMC

peptides was shown. In addition, all metastatic melanoma

cell lines expressed POMC mRNA that was stimulated in

vitro by CRF and suppressed by CRF antagonists [56]. To

further support a POMC-related CRF involvement in the

development of skin malignancy, examination of the

expression patterns of the CRF–POMC axis-related hor-

mones revealed that CRF, ACTH, and a-MSH were

strongly expressed in malignant skin tumor cell lines such

as G-361 and DX-3, whereas normal and haematological

malignant cell lines did not express the CRF–POMC axis-

related hormones. Immunohistochemical analysis of skin

tumors showed that eight out of ten malignant melanomas,

seven out of ten squamous cell carcinomas, and one out of

ten basal cell carcinomas had strong immunoreactivity for

CRF [57].

CRF affected the migration of melanoma cells studied in

the spontaneous murine melanoma cell line B16F0 and its
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metastatic clone, B16F10. CRF treatment increased the

level of B16F10 cell migration in a dose- and time-

dependent manner. Pretreatment with an inhibitor of the

extracellular signal-regulated protein kinase 1/2 (ERK1/2)

blocked this effect, whereas CRF induced its phosphory-

lation, suggesting that CRF regulates the migration of

melanoma cells in the skin during stress through the

ERK1/2 signaling pathway [58].

In contrast to these data indicating a tumor promoting

role of the CRF system in melanoma, CRF and six ana-

logues, including Ucn1 and sauvagine, were shown to exert

antiproliferative effects when tested on Cloudman mela-

noma cell proliferation and B16 melanoma tumor growth

in C57B1/6 mice. CRF and all the six analogues inhibited

proliferation of Cloudman cells in culture and also inhib-

ited B16 tumor growth rate in vivo, most likely by

activation of endogenous CRF1 receptors and subsequent

altered intracellular Ca2? signaling. This was suggested to

hold a therapeutic potential [59].

CRF and lung cancer

Immunoreactive CRF was initially measured by radioim-

munoassay in one small-cell lung carcinoma [46] and in 2

of 40 small-cell lung carcinomas [60]. Immunohisto-

chemistry showed peptide expression in 1 of 30 small-cell

lung carcinomas, in a poorly differentiated adenocarcinoma

[25, 61] and in a patient with Cushing’s syndrome and

metastatic small-cell lung cancer. Radioimmunoassay of

the patient’s plasma revealed persistently elevated CRF

concentrations [62].

In accordance with these data, at the gene expression

level, significant amounts of long- and authentic-size CRF

mRNAs were detected in one of six patients with pul-

monary small-cell carcinoma by northern blot analysis, and

authentic size CRF mRNA was detected in two of six

patients [63], confirming expression of the CRF gene rather

than the homologue urocortins.

CRF, ACTH, or beta-endorphin levels in the broncho-

alveolar lavage of 25 patients with lung cancer (17

squamous carcinomas, 4 adenocarcinomas, 2 small-cell

carcinomas- and 2 unclassified) were compared to 18 con-

trols measured by radioimmunoassay. CRF and ACTH

levels were not significantly different between the two

groups. Moreover, histological tumor type was not associ-

ated with expression levels of any of the peptides measured

[64]. In order to evaluate CRF as a possible tumor marker,

plasma CRF levels were determined in a sequence of 103

randomly selected patients with lung cancer without

Cushing’s syndrome and in 72 age- and sex-matched con-

trols. Plasma CRF levels of cancer patients were similar to

those of controls [65].

To evaluate receptor expression, the radioligand bind-

ing, second messenger, and mRNA characteristics of CRF

receptors were studied in a variety of small-cell lung car-

cinoma lines and compared to CRF receptors in the mouse

pituitary tumor At-20 cells. Results demonstrated the

presence of CRF receptors in the small-cell lung carcinoma

cell lines with kinetic, pharmacological, second messenger,

and mRNA characteristics comparable to those in pituitary

and brain, indicating a possible role for CRF as a regula-

tory peptide in human small-cell lung carcinoma [66].

Functional lung cancer receptors were shown, since CRF

increased the cAMP levels on human lung cancer cell lines

NCI-H345, NCI-H720, and NCI-H1299 in a dose-depen-

dent manner. The CRF analogue sauvagine also elevated

the cAMP levels. CRF had no effect on cytosolic calcium

but stimulated [3H] arachidonic acid release from NCI-

H1299 and the clonal growth of NCI-H345 and NCI-H720

cells. All these effects were reversed by the CRF antagonist

a-helical CRF (9–41) showing that they are specific

receptor-mediated actions [67]. However, CRF1 and CRF2

receptor expression was not detected in 11 non-small-cell

lung carcinomas tested by autoradiography, reducing the

pathophysiological relevance of the former findings, since

CRF receptor expression seems to be a characteristic of the

small-cell lung carcinoma lines but not of the actual tumors

[29].

Finally, in a mouse cachexia model, administration of a

CRF2 agonist (PG-873637) resulted in beneficial effects on

muscle weight loss in mice with implanted fast-growing

Lewis lung carcinoma. Moreover, the agonist significantly

reduced both the number of metastases and their mass.

These data suggested a potentially beneficial use of CRF

agonists for the treatment of muscle wasting associated

with cancer [68].

CRF and gastrointestinal cancers

It is well known that stress affects the function of the

gastrointestinal system (GI), under basal and pathological

conditions, and the role of the CRF system is well estab-

lished by a plethora of evidence [69]. Multiple reports

show that members of the CRF system, i.e. the receptors as

well as their neuropeptide ligands, are expressed through-

out the gastrointestinal tract in humans and rats, and may

contribute significantly in the regulation of GI motility and

response to noxious stimuli. It appears that their distribution

differs along the GI lumen, resulting in distinctive physio-

logical effects, a notion that is also supported by pharma-

cological data. Indeed, various physiological stressors in the

colon stimulate its propulsive activity, affecting motility,

transit, and defecation, whereas in upper GI tissues they

inhibit contractility and delay gastric emptying.
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Expression of immunoreactive CRF was first detected

by radioimmunoassay in various tumors of the GI in 1985

by Wakabayashi et al., including one adenocarcinoma of

the stomach, one adenocarcinoma of the pancreas, one

adenocarcinoma of the sigmoid colon, and one adenocar-

cinoma of the rectum [46]. However, these studies need to

be confirmed using peptide-specific antibodies that dis-

criminate between CRF and the homologue urocortins. In a

later study, a 28-year-old woman, described with upper

gastrointestinal bleeding caused by an active ulcer, a pan-

creatic head mass, and multiple liver metastases, was found

to have a CRF-positive liver biopsy by immunohisto-

chemical analysis [70].

We have recently reported the expression of the CRF

system in the human liver, using RT-PCR and immuno-

histochemistry. Both mRNA and immunoreactivity of

Ucn1 were found in all the human liver biopsies examined.

Ucn1 was localized in hepatocytes. CRF1 and CRF2a
receptor gene expression was also found, and receptor

protein had a similar distribution to Ucn 1. Finally, Ucn 1

and CRF receptor expression was demonstrated in hepatic

biopsies from a variety of liver pathologies, including

primary or metastatic liver carcinoma and cirrhosis. We

concluded that the CRF system is expressed by human liver

under normal and pathological conditions, Ucn 1 being the

major ligand [71] that may act in an autocrine manner

through activation of the local CRF receptors. In order to

unfold a functional biological role of these effectors in liver

physiology and pathogenesis, we tested the effects of the

CRF system in the hepatocellular apoptotic process, using a

rat experimental model of common bile duct surgical

ligation, leading to obstructive jaundice, cholestasis, and

apoptosis induction in the hepatic parenchyma. Adminis-

tration of selective and non-selective CRF antagonists

showed that the endogenous CRF system promotes the

cholestasis-induced apoptotis via CRF1 activation. In

contrast, CRF2 seems to mediate an early and a late

apoptosis-preventing phenomena, i.e. elevated gene tran-

script levels of the anti-apoptotic bcl-2 at the first

postoperative day and increased rat serum hepatocyte

growth factor (HGF) levels at the third postoperative day,

acting opposed to CRF1. No effect was observed under

basal conditions. These data support a CRF-based apop-

tosis-regulating mechanism in the liver that may contribute

to carcinogenesis. This notion is further supported by data

showing a role of hepatic CRF receptors on tumor growth

and angiogenesis. Both in vivo and in vitro effects of Ucn1

were evaluated in human hepatome cell lines SMMC-7721

and HepG2, human umbilical vein endothelial cell (HU-

VEC), and human hepatocellular carcinoma tissues. Ucn1

inhibited the growth of hepatocellular carcinoma and

reduced tumor microvessel density in nude mice. Ucn1

administered in tumor-bearing mice inhibited the growth of

established tumors in vivo. In addition, in vitro three-

dimensional culture assay showed that Ucn1 inhibited

angiogenesis via CRF2 activation. Finally, Ucn1 inhibited

the proliferation, promoted the apoptosis of endothelial

cells, and down-regulated VEGF expression in vivo via

CRF2 [72].

Both CRF receptors are expressed in normal intestine

[14, 73] in proximity to their ligands, indicating the for-

mation of autocrine–paracrine regulatory loops. CRF

immunoreactivity and mRNA have been revealed in the

human colonic mucosa [74]. Ucn1 is also evident in epi-

thelial and lamina propria cells of the colonic mucosa [14,

75]. Furthermore, mRNA from the two newer members of

the CRF peptide family, Ucn2 and 3, was detected in tis-

sues of the lower GI tract [9, 11]. Although the biological

role of the peripherally expressed CRF ligands in the

intestinal tissue is not clear, it has been postulated that they

may participate in several aspects of immune-humoral

mechanisms within the gut and this could be related to

carcinogenesis. Indeed, it is well established that stress is

implicated in the development of inflammatory bowel

disease (IBD), a high risk pre-condition for the develop-

ment of colon cancer, via initial nervous disturbance and

subsequent immune dysfunction through brain-gut inter-

actions. The CRF system is involved in the inflammatory

process within the gastrointestinal tract, via vagal and

peripheral pathways, as implied by multiple reports

reviewed recently by our group [69]. No expression of

CRF1 and CRF2 receptors was detected in ten colon car-

cinomas by in vitro autoradiography with subtype-selective

CRF analogs [29] indicating that receptor loss may con-

tribute to malignant transformation and/or tumor

progression either as a causal or as a resulting effect.

The presence of the CRF receptors and ligands has also

been reported in the normal gastric mucosa [76–78]. The

level of immunoreactive Ucn1 was higher in gastric bio-

psies from patients with active Helicobacter pylori (HP)

gastritis than in normal controls. Ucn1 was localized by

immunohistochemistry in gastric epithelial cells and in

inflammatory elements of the surrounding negative for

Ucn1 gastric stroma. After eradication of HP infection,

Ucn1 levels increased dramatically compared with pre-

treatment values whereas nonresponders did not show any

significant change. It was concluded that Ucn1 expression

is related to HP infection and its progression in gastric

mucosa, and this may imply a role in HP-related carcino-

genesis. Finally, using the gastric cancer cell line AGS

transiently transfected to express functional CRF2, we

showed that activation of this receptor reduced the degree

of apoptosis and had no effect on the proliferation rate and

PGE2 release, indicating a regulating mechanism of an

important parameter of gastric cell regeneration and

malignant transformation [78].
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CRF signaling pathways related to cancer

Multiple data contribute to the description of the possible

molecular pathways responsible for the CRF system

involvement in the mechanisms of tumorigenesis and/or

antitumor processes in cancer cells, through regulation of

oncogenes or tumor suppressor or other genes.

CRF is a regulator of the activity of nuclear transcription

factor B (NF-jB). NF-jB is a regulator of genes that

control cell proliferation and cell survival. Aberrant acti-

vation of NF-jB is frequently observed in many cancers.

Active NF-jB turns on the expression of genes that keep

the cell proliferating and protect the cell from conditions

that would otherwise cause death via apoptosis. It has been

shown that NF-jB is expressed in the brain and that its

DNA binding activity is inhibited by CRF in hippocampal

neurons as well as in a pituitary corticotroph cell line, the

AtT20 cells, under normal or oxidative stress-induced

conditions [79]. This finding has been associated with the

neuroprotective effects of CRF during hypoxia. The regu-

lation of corticotroph NF-jB activity by CRF is also

correlated with the activation of the pituitary POMC gene as

shown in AtT20 cells transiently transfected with a POMC–

luciferase construct mutated at an NF-jB binding site [80].

Inhibition of NF-jB DNA binding activity may represent an

anticancer action of CRF. In contrast, other findings showed

that in leucocytes CRF enhanced the antigen-specific antibody

response through the CRF1 receptor by elevation of NF-jB

activity [81]. Also, in mouse thymocytes, CRF has been

shown to induce the NF-jB DNA-binding activity in a time-

and dose-dependent manner, with parallel degradation of its

inhibitor protein inhibitor [82] through the protein kinase A

and protein kinase C signaling pathways. Similarly, in neo-

natal rat cardiomyocytes, Ucn activates NF-jB, ERK, and p38

MAP kinases and their inhibitors block Ucn-induced IL-6

release, suggesting that these molecules participate in this

regulatory mechanism [83].These varying results indicate

cell- or receptor-specific actions.

The early-response transcription factor activator protein

1 (AP-1), a dimer of Jun and Fos, has also been implicated

in the transactivation of the CRF gene. c-fos induction has

been widely used as a marker for neuronal activation, and it

is often co-localized in CRF expressing neuronal circuits

(for review see [84]), whereas it represents a cellular proto-

oncogene implicated in the malignant transformation and

cancer progression. c-fos is induced by stressors in CRF

neurons in vivo and the PKC pathway can activate CRF

gene transcription in vitro, whereas the 50 flanking region

of vertebrate CRF genes contains several AP-1 binding

sites [85]. It could therefore be related to CRF involvement

in carcinogenesis.

Other evidence suggests that the activation of MAP

kinases by CRF involves tissue-specific intracellular

proteins and signaling pathways. CRF receptors mediate

induction of ERK1/2 phosphorylation in a cAMP-inde-

pendent way [86]. Similarly, Ucn induced ERK1/2

activation in human pregnant myometrium via CRF1, an

effect inhibited by protein kinase A activation [87]. A

potent cardioprotective effect against hypoxic insults

through activation of both Akt and ERK1/2 has been

proposed for Ucn2 and Ucn3 that bind exclusively CRF2

[88–90]. The phosphatidylinositol 3-kinase (PI3 K)/Akt

pathway is implicated in a great spectrum of tissue

responses and cellular processes. Akt regulates cellular

survival and metabolism by binding and regulating many

downstream effectors, e.g. NF-jB, the Bcl-2 family of

proteins, and murine double minute 2 (MDM2). It is

therefore a key modulator of cell survival, cell cycle,

metabolism, and angiogenesis, the main processes involved

in carcinogenesis. Recently, the PI3 K pathway has been

suggested to play a critical role in CRF1-mediated effects,

more specifically those of the subtype CRF1a [91]. More-

over, in the human monocytic THP-1 cells, CRF activated

the phosphatidylinositol 3-kinase (PI3 K)/Akt and ERK1/2

pathways via CRF2, leading to cell survival activation

through stimulation of the antiapoptotic factor Bcl-2 [92].

These findings imply that CRF receptor signaling is

implicated in carcinogenesis-related pathways which could

therefore be regulated by CRF ligands.

The human Y-79 retinablastoma cell line expresses

functional CRF receptors [93] and presents a suitable

model for the study of homologous desensitization and

signal transduction pathways [94–98]. In this cell line,

cytoprotective effects of CRF, involving suppression of

pro-apoptotic pathways at a site upstream of activation of

procaspase-3 and the involvement of PKA in the mediation

of the anti-apoptotic effect of CRF, have been shown [99].

Interestingly, in order to identify some of the intracel-

lular substrates mediating the actions of small-molecule

CRF1 antagonist NBI30775, that is currently being clini-

cally tested as an antidepressant, Post et al. studied its

effects after acute administration in a stress-independent

animal model [100]. NBI30775 induced the nuclear

translocation of glucocorticoid receptors and BAG-1, a

Bcl2-associated athanogene that enhances its anti-apoptotic

effect. It also suppressed the DNA-binding activity of

AP-1, identifying these molecules as some of the drug’s

intracellular targets, which could be related to anti-cancer

therapy. Drug treatment resulted in a modest, insignificant

reduction of DNA-NF-jB binding activity.

Conclusion

In the present review, we summarize data from the existing

literature describing expression and pathophysiological
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Table 1 Expression of CRF family of neuroeptides and receptors in various human cancers

Positive/total tissues studied Molecule Technique Reference

Prostate Cancer

1/3 CRF IHC [25]

1/1 CRF RIA [26]

3/3 Ucn1 RT–PCR, IHC [28]

0/11 CRF1 and CRF2 Autoradiography [29]

0/32 CRF2 RT–PCR, IF [27]

0/1 CRF IHC [30]

Thyroid

1/1 medullary 1 for CRF RIA [45]

1/1 medullary 1 for CRF RIA [46]

2/10 medullary 2 for CRF IHC [25]

1/1 medullary 1 for CRF RIA [47]

1/4 follicular CRF IHC [48]

4/8 papillary CRF

4/4 Hurtle cell CRF

1/1 medullary CRF

1/1 insular CRF

1/1 medullary CRF IHC [49]

1/1 liver metastasis from medullary CRF IHC [50]

1/1 medullary CRF, Ucn1, Ucn3 IHC [51]

Ovarian cancer

32/47 CRF IHC [43]

33/47 CRF1

30/47 CRF2

Endometrial cancer

4/19 CRF1 RNase protection assay [33]

9/9 Ucn1 mRNA Quantitative RT-PCR [34]

51/51 CRF IHC [35]

34/37 CRF1

31/51 CRF2

Melanoma

Human melanoma cells CRF, CRFRs RT-PCR, IHC [55]

9/25 primary CRF IHC [56]

12/18 metastatic CRF

8/10 malignant CRF IHC [57]

7/10 squamous cell carcinomas CRF

1/10 basal cell carcinomas CRF

Lung cancer

1/1 SCLC CRF RIA [46]

1/30 SCLC CRF IHC [25]

1/1 adenocarcinoma CRF IHC [61]

2/40 SCLC CRF RIA [60]

3/6 SCLC CRFmRNA Northern blot hybridization [63]

1/1 metastatic SCLC CRF RIA [62]

0/11 non-SCLC CRF1 and CRF2 Autoradiography [29]

The CRF system in cancer 1301



significance of the members of the CRF system of neuro-

peptides and receptors in human cancers (Table 1). CRF

has been found in small percentages of prostate, thyroid,

lung, breast, and GI tumors and higher percentages of

ovarian, endometrium, and skin malignancies. However, it

should be mentioned that until the late 1990s when the

homologues Ucns were characterized, the specificity of

the antibodies used for CRF detecting assays should be

Table 2 Expression of CRF neuropeptides and receptors in cancer cell lines

Cell line Molecule Technique Reference

OvCa3 human ovarian cancer

A2780 human ovarian cancer

CRF, CRF1

CRF, CRF1, CRF2

RT-PCR, IF

RT-PCR, IF

[43]

Ishikawa human endometrial adenocarcinoma CRFmRNA

CRF peptide

CRF

Northern blot hybridization

Gel filtration chromatography

Immunofluorescence

[31]

C4–1 human squamous carcinoma

SK-MELL 188 human melanoma

CRFmRNA

CRF peptide

Northern blot hybridization,

chromatography

[33]

G-361 human melanoma

DX-3

CRF, POMC,

ACTH, aMSH

[57]

MCF7 human breast cancer CRF1

CRFmRNA

RNase protection assay

RT-PCR

[38]

MCF7 human breast cancer CRF1a mRNA

CRF2c mRNA

RT-PCR

RT-PCR

[40]

W256 rat mammary carcinoma CRF1 RT-PCR [37]

NCI-H345, NCI-H720, NCI-H1299 human SCLC CRF receptors cAMP induction [67]

NCI-H69, H82, H146, H209, H345,

H446, and H510A, SCLC

CRF receptors Radiologand binding assay [66]

NT2 human neuronal-like teratocarcinoma CRF1 RT-PCR [38]

SH-5YSY human neuroblastoma CRF1 RT-PCR [38]

Y-79 human retinoblastoma CRFRs RT-PCR [93]

IHC Immunohistochemistry, IF immunofluorescence, RT-PCR reverse-transcription polymerase chain reaction, SCLC small-cell lung cancer

Table 1 continued

Positive/total tissues studied Molecule Technique Reference

Gastrointestinal cancer

Adenocarcinomas 1/1 stomach CRF RIA [46]

1/1 pancreas CRF

1/1 sigmoid colon CRF

1/1 rectum CRF

0/10 colon cancer CRF1 and CRF2 Autoradiography [29]

Liver metastasis from 1 malignant gastrinoma CRF IHC [70]

3/3 primary hepatocellular cancer

1/1 cholangiocarcinoma

3 metastatic hepatic cancer

Ucn1, CRF1 and CRF2 IHC [71]

Breast cancer

14/40 CRF IHC [36]

Other malignant tumors

1/1 pituitary cancer CRF IHC, Gel filtration

Northern blot analysis

[107]

1/1 Ewing’s sarcoma CRF IHC [108]

IHC Immunohistochemistry, IF immunofluorescence, RT-PCR reverse-transcription polymerase chain reaction, RIA radioimmunoassay,

SCLC small-cell lung cancer
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re-evaluated and the reported results reconfirmed. Receptor

expression is also reported in ovarian, endometrial, breast,

skin, and liver, where they may mediate growth and

apoptotic, immune, and metastatic parameters. It is clear

that the two receptor types exhibit different distributions

and hold distinct roles in cancer cells, which could even be

counteracting. On the other hand, receptor loss may con-

tribute to malignant transformation and tumor growth in

prostate, colon, and lung cancer. No value as a tumor

marker has been found for CRF and CRF receptors in lung

and breast cancer, respectively, whereas in endometrial

cancer, CRF1 correlated with less aggressive tumors,

whereas CRF2 did so to advanced stage tumors. In the skin,

a CRF/POMC mechanism may contribute to MSH driven-

carcinogenesis, and finally, in the stomach, Ucn1 may be

involved in HP-related cancer development. Multiple

cancer cell lines from different origins express CRF pep-

tides and receptors (Table 2) and present suitable models

for the clarification of the role of the CRF system in human

malignancy. In addition, synthetic peptide and non-peptide

CRF ligands with differing antagonistic intrinsic activities

have been synthesized for research utility, whereas over

100 patent claims have been made during the last 15 years

for low molecular weight, non-peptide, selective CRF1

receptor antagonists [101], which are currently being tested

for their therapeutic potential against depression and other

stress-related disorders [102, 103]. In addition, Ucn1 and

Ucn2 are being clinically evaluated in the treatment of

human heart failure [104, 105]. Direct and indirect evi-

dence [106] supporting a role of the CRF receptors in the

growth of certain human cancers, present them as novel

targets for anticancer therapy, using these compounds

which are readily available for clinical use. However,

further studies are needed in order to firmly support these

speculations.
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