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Summary 

 

The role that hCG might play in the oncogenic process in cancer is certainly complex. 

We know that the expression of hCG and its beta subunit is a widespread phenomenon 

which has been described in many cancer subtypes. However, hCG’s involvement in 

breast cancer has been antithetical: the detection of ectopically expressed hCG() by 

breast tumors has been employed as a biomarker of malignancy, and hCG has been 

proposed as a ligand vehicle for toxic drugs, with the aim of targeting the LH/hCG 

receptor which is reported to be expressed by malignant breast tissue. However, it has 

also been proposed that hCG is a protective agent against the development of breast 

cancer, leading some to advocate hCG administration to non-pregnant women as a 

prophylactic measure against cancer. Nevertheless, suggestions that hCG is involved in 

the angiogenesis, metastasis and immune escape that are central to cancer progression – 

are phenomena which clearly apply to breast cancer. Indeed, a tumor vaccine based 

upon hCG has very recently been shown to protect against mammary tumors in mice. 

We propose that this apparent paradox is resolved if the free beta subunit of hCG 

produced by tumors acts as an autocrine anti-apoptotic and angiogenic growth factor, 

whilst intact heterodimeric hCG, as in pregnancy, is part of developmental signaling 

that initiates tissue differentiation (including breast ductal tissue development), and 

hence reduces the population of stem-like cells which are susceptible to oncogenic 

factors. 
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Introduction 

 

Ectopic human chorionic gonadotropin (hCG) expression by non-gestational tumors was 

noted as early as 1904 (DeJewitzi reported a case in which he concluded that a 

gonadotropin was produced by a bladder cancer – reviewed by Iles & Chard, 1991) and 

was reported by Ascheim and Zondek following the introduction of their seminal bioassay 

for hCG in 1927 (Ascheim & Zondek, 1927; Ascheim & Zondek, 1928; Zondek, 1930; 

Zondek, 1935). Up to the late 1970s, the incidence of ectopic hCG expression by common 

epithelial cancers could only be gleaned from a number of case reports. However, since 

the 1980s publications describing the ectopic expression of hCG have grown 

exponentially, and such findings are now generally reported in terms of the percentage of 

hCG positive patients with a given type of epithelial cancer (reviewed by Iles and Butler, 

1998). A major reason for this improved appreciation of the frequent occurrence of 

ectopic hCG – and, in particular, hCG expression - in many cancers was the 

introduction by Vaitukaitis et al. in 1972 of a radioimmunoassay which detects the free -

subunit of hCG, in addition to the intact hormone. Extensive immunochemical 

characterization has shown that, whilst intact hCG is abundantly produced by the placenta 

and by germ cell tumors, it is the free  subunit (independently of the common glycoprotein 

hormone subunit [GPHα] that is predominantly produced by common epithelial tumors 

(Iles & Chard, 1989; Iles et al., 1990a, Iles et al., 1990b, Stenman et al 2004).  Ectopic 

production of free hCGβ by bladder carcinoma is well established (reviewed by Iles & 

Butler, 1998, Hotakainen et al 2002b), and its expression has also been shown in a broad 

range of common epithelial cancers including breast, cervical, endometrial, prostate, lung, 

colon, oral/facial tissue and stomach (Table 1). The incidence is very variable but on 
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average ~30% of epithelial cancer patients will have elevated serum levels, 37% elevated 

urinary levels and 48% of tumors will stain hCG positive. Intact hCG heterodimer may 

also be produced by various common epithelial tumors in an unpredictable fashion, most 

often by lung cancer and hepatoblastoma (Stenman et al., 2004). In bladder cancer, the 

expression of the hCG heterodimer is associated with carcinomatosis. However, the free -

subunit is the most abundant form of immunoreactive hCG expressed by non-germ cell 

tumors (Iles and Chard, 1991).  An association between hCGβexpression, and anaplastic 

and advanced disease, has been noted in virtually all the published studies (Table 1) and  

many authors have commented on the aggressive nature of the hCGβ-positive tumors 

(Reviewed previously, Iles, 2007) 

 

The biological action of hCG on epithelial tumors 

The association of hCGβ expression by epithelial cancers with a tendency for the tumor to 

resist radiotherapy and develop metastases has, in the past, been largely dismissed as an 

epiphenomenon of no functional significance for oncogenesis and/or tumor spread. Thus 

hCG (and by association, hCGβ) expression has largely been regarded solely as a marker 

of the presence of pluripotent stem/germ cells. In 1996, it was demonstrated that bladder 

cancer cell numbers increased in a dose-dependent manner following incubation with hCGβ 

(Gillott et al., 1996).  No effect could be seen following treatment with intact hCG, GPHα or 

hCGβ core fragment (hCGβcf, a naturally-occurring proteolytic cleavage fragment of 

hCGβ), but the growth stimulation was abolished by co-incubation with anti-hCGβ 

antiserum (Gillott et al.,1996). Furthermore, addition of these antibodies to the media used 

to culture bladder cancer cell lines inhibited the growth of the 5637, ScaBER and RT112 
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cell lines that themselves produce free hCGβ, but did not affect the growth of the T24 

bladder cell line that does not produce hCGβ (Gillott et al., 1996).  It was also noted that 

the cell lines least affected by the β-subunit were those that secreted the highest 

concentrations of hCGβ, suggestive of autocrine stimulation. The hCGβ/hLHβ gene cluster 

has been shown not to be amplified or rearranged in bladder tumor cells, indicating that 

ectopic hCG expression is more likely to be the result of altered gene regulation (Iles et 

al., 1989). The inhibitory effects of anti-hCG antibodies on the growth of tumor cells has 

also been demonstrated in vivo in athymic (nude) mice with choriocarcinoma (Bagshawe 

et al., 1988). Furthermore, anti-sense oligonucleotides directed to the hCG β-chain have 

antiproliferative effects on prostate and cervical tumor cell lines in vitro (Devi et al., 

2002; Jankowska et al., 2008). 

 

Other studies showed that the increase in the cancer cell population in response to hCG 

was brought about by inhibition of apoptosis rather than by stimulation of cell replication 

(Butler et al., 2000). Furthermore, given that the LH/hCG receptor is not expressed by 

these tissues, and that only intact hCG can stimulate the LH/hCG receptor, any activity 

observed must be mediated by an as yet unidentified pathway (Davies, 2001). 

 

hCG is a member of the cystine knot growth factor/TGF superfamily 

In 1994 the X-ray crystallographic structure of hCG was solved (Lapthorn et al., 1994, 

Wu et al., 1994). The most striking feature was the arrangement of three disulfide bridges 

in the centre of each subunit. The positions of the three cystines are almost identical in 

both subunits, where two disulfides bridge the anti-parallel strands of the peptide chain 
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forming a central loop, through which the third disulfide passes. This structure had been 

previously identified in a number of factors which are consequently designated the 

‘cystine knot growth factor’ (CKGF) family. They include transforming growth factor  

(TGFβ), platelet-derived growth factor B (PDGFB) and nerve growth factor (NGF). Since 

the identification of the structure of hCG in 1994, the family of growth factors has 

expanded, and now includes the vascular endothelial growth factors (VEGFs) and 

placental growth factor (PlGF) - despite sharing structural similarities the various 

members of the CKGF family carry out quite distinct functions (see figure 1). These 

additions to the CKGF family have further increased the intriguing possibilities for cross-

talk between multiple growth regulatory systems, and ectopic expression of molecules 

containing a cystine knot may give rise to disruptions that favor cancer development. In 

fact, homology modeling using current data on the structure of hCG as obtained from 

crystal structure (Lapthorn et al., 1994) reveals quite striking similarities to some CKGFs 

in particular VEGF and TGFβ (see figure 2). 

Cross talk of hCGβ with CKGF receptors 

 

 

The evolution of  the hCG/LH gene cluster is fascinating, and the discovery that it is 

interspersed by another series of pseudogenes of the cystine knot growth factor family – 

neurotropin - further points to its origin from, and potential to interact with, other cystine 

knot growth and endocrine systems (Rull et al., 2005) (see Figure 3) 

 

 

Whilst the hCG heterodimer binds with high affinity (Kd 0.1–1.0 nM, Xie et al., 1990) to 

the CG/LH receptor, the free  subunit essentially does not stimulate the receptor. It has 
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been demonstrated that the free subunits will also bind the LH receptor, albeit with a much 

lower affinity (Pierce & Parsons, 1981) and some studies have shown that upon receptor 

binding, the α subunit of hCG is internalized, and is associated with stimulation of 

adenylate cyclase activity. This implies that the binding model is not simple, and that 

hormone/receptor binding involves a topographical determinant extending across both 

ligand subunits (Ryan et al., 1988). If intact hCG is required for LHR binding and 

stimulation, and LHR is not found in cell lines shown to respond to free hCGβ, then the 

biological activity described above for the free  subunit cannot be accounted for by 

signaling through this receptor. However, the structural homology with the cystine knot 

growth factors suggests that free hCG cross-interaction with other cystine knot growth 

factor receptors may occur.  

One early feature of malignancy is neovascularisation, allowing the tumor to grow to a 

mass greater than 2mm. The process of vascularisation is regulated in part by cystine 

knot growth factors, in particular vascular endothelial growth factors (VEGFs). The 

development of blood vessels by the early and late placental tissue is distinct and 

involves VEGF receptor expression and stimulation (Demir et al., 2004).  Recent studies 

have suggested an interplay between placental VEGF and hCG in formation of placental 

vasularture (Herr et al., 2007, Reisinger et al.,  2007). Indeed, hCG itself has been 

suggested to be a novel angiogenic factor (Zygmunt et al., 2002) and we linked 

immunohistochemically detected hCG expression by cervical cancer with the extent of 

tumor vascularisation (Li et al., 2008). In addition, Arrieta et al (2009) have recently 

linked serum hCG levels to neo-vascularisation of non-seminomatous testicular germ cell 

tumors. Therefore, Given the structural homology between hCG  and the cystine knot 
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growth factors (lapthorn et al., 1994), and its ability to dimerise (Butler et al., 1999) cross 

talk with VEGF R is plausible. 

 

TGFβ is encoded by a locus adjacent to that of the hCGβ-hLHβ gene cluster on 

chromosome 19 (Fujii, 1986), and high levels of TGFβ and its receptors are expressed by 

urothelial tumors, despite the growth inhibitory effects of this cytokine (Coombs et al., 

1993, Eder et al., 1996, Eder et al.,  1997). This has long been a puzzle to cancer 

researchers; disruption of the TGFβ apoptosis signaling pathway has been considered an 

important feature of oncogenesis, i.e. escape from a fundamental mechanism of regulating 

the normal tissue epithelial cell population (Barcellos-Hoff & Ewan, 2000). We have 

previously shown that exogenous addition of hCGβ to bladder cancer cell cultures 

reverses the apoptosis-inducing effects of TGFβ (Butler et al., 2000). Ectopic expression 

of free hCGβ may thus be acting as an autocrine/paracrine growth-stimulating factor by 

virtue of its ability to block TGFβ’s action although we have never published receptor 

binding data. Its structural homology to TGFβ  suggests that free hCGβ  may bind to a 

component of the TGFβ receptor complex (for example, TGFRII) or affect other 

downstream apoptopic signals.  

 

Therapeutic targeting and selection of hCGβ expressing tumors 

 

The molecular pathway proposed above is a reversal of the Her2 - Herceptin® molecular 

mechanism, but the parallels are somewhat compelling. The step that propelled Her2 from 

being a marker of poor prognosis was that it acted as both the selection criteria for a 
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therapy, and was itself the target of a novel humanized antibody treatment. To date, no 

infusion of antibody has been attempted to treat hCGβ-expressing tumors, but an anti-

hCGβ carboxy terminal peptide (CTP) vaccine - a much greater step - has completed a 

phase II clinical trial in patients with colorectal cancer (Moulton et al., 2002). A high anti-

hCG titre response to the vaccine was associated with improved survival. However, 

several studies have indicated that only 15-41% of patients with colorectal cancer have 

increased levels of circulating hCGβ (Stenman, Alfthan & Hotakainen, 2004; Moulton et 

al., 2002), and the vaccine was administered to patients irrespective of whether they were 

‘hCG positive’ or not. A vaccine which stimulates immune responses against hCGβ 

would be expected to benefit only those patients in whom hCGβ is aberrantly expressed, 

suggesting that the vaccine might have benefited a higher proportion of the trial group if a 

lack of circulating hCG had been applied as an exclusion criterion for entry into the trial. 

Indeed, the Her2 paradigm clearly showed that Herceptin would never have displayed the 

small but significant advantage in breast cancer patient survival if it had been given to all 

breast cancer patients irrespective of their Her2 expression status (Baselga, 2001).  

Taking many of these lessons on board Celldex Therapeutics (Needham, MA, USA)  have 

developed an anti-hCGβ cancer vaccine based on their patented technology for targeting 

antigen presenting cells (APC) - (Keler et al., 2007). Termed CDX-1307, this vaccine 

completed Phase 1 development and is marketed as a treatment for colorectal, pancreatic, 

bladder, ovarian and breast cancers. CDX-1307 couples the entire beta chain of hCG to an 

APC specific adjuvant antibody and induces both humoral and cell mediated response to 

the complete molecule and not just the CTP. Phase 2 study in patients with invasive 
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bladder cancer began in 2010 but inclusion is dependant on demonstrating hCGβ 

expression by the tumors. 

 

An hCG-specific anti-tumor vaccine engineered to optimize the immune response 

 

The hCG vaccine administered in the phase II clinical trial in patients with colorectal 

cancer (Moulton et al., 2002) consisted of the CTP of hCG conjugated to diphtheria 

toxoid. Although - unlike the rest of the hCG -chain - the CTP has the advantage of 

lacking sequence homology with the other members of the glycoprotein hormone family, 

it is known that it gives rise to relatively low affinity antibodies (Talwar, 1999). 

Furthermore, it clearly will possess a restricted range of hCG-specific epitopes compared 

to the full length -chain, which contains a total of five unique epitopes: the linear 

epitopes β8 and β9 located within the CTP and the discontinuous epitopes β1, β6 and β7 

found in the rest of the hCG β-chain (Berger et al., 2002). These epitopes are not present 

on other members (LH, FSH and TSH) of the glycoprotein hormone family. The other 

epitopes on the hCG -chain are designated β2, β3, β4 and β5 and are cross-reactive with 

similar epitopes on the LH -chain. Using oligonucleotide-directed site-specific 

mutagenesis, we made a number of amino acid replacements in the hCG β-chain with the 

aim of eliminating the cross-reactive epitopes (Jackson et al., 1996; Delves et al., 2007). 

One of the mutants, with only a single amino acid replacement (a glutamic acid 

substituted for the arginine at position 68), dramatically refocuses the immune response 

away from the immunodominant cross-reactive epitope region towards to hCG-specific 

1, 6 7 and CTP epitopes, with very little cross-reactive antibody production in both 
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rabbit and mouse immunogenicity studies (Porakishvili et al., 2002; Chiesa et al., 2001). 

Strikingly, the antibodies produced in response to this mutant (hCGR68E) bind avidly to 

the CTP (Porakishvili et al., 2002). This molecule is therefore a candidate for an improved 

hCG-specific cancer vaccine. 

 

The paradox 

Ectopic expression of hCGβ serves as a molecular biomarker identifying a subpopulation 

of patient tumors with poor prognosis for which molecular mechanisms have been 

identified in vitro and which provides the basis of a therapeutic target for antibody 

therapy; similar to the Her2 Paradigm.  Although this paradigm may hold for epithelial 

tumors such as bladder, cervix and lung, it is not as clear-cut for breast cancers. However, 

within the current scientific literature controversy exists over the role of the pregnancy 

hormone hCG in the pathogenesis of breast cancer. Whilst some have demonstrated that 

ectopic expression of hCGβ by the breast tumor itself is a marker of poor prognosis, 

others have proposed hCG to be a protective agent against the subsequent development of 

breast cancer. 

 

Ectopic hCGβ expression by breast cancer as a marker of poor prognosis  

Studies of ectopic hCG expression by breast cancer have been intriguing (Tables 2 & 3). 

Most have concentrated on immunohistochemical and mRNA expression as the method 

of detecting ectopic expression of hCG, specifically the beta-subunit. The incidence, 

combining all studies of immunohistochemical  detection of ectopic expression by breast 
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tumors, is low - 24% (148/621) - compared to the general incidence of ectopic expression 

by epithelial cancer described in table 1. Two of the five studies have specifically stated 

IHC detection of hCG expression by breast tumors does not to correlate with patient 

prognosis, while one eluded to prognosis as expression correlated with a specific 

histological type of breast cancer (apocrine) (Chang et al., 2005). 

 

Messenger RNA studies concentrated on looking for shed blood-circulating tumor cells, 

and used detection of hCG mRNA as one of the markers. Combining these studies, 36-

38% of patients had circulating breast cancer cells shed from the primary tumor detected 

as expressing hCG mRNA (Table3). However, Hotakanien et al (2002b and 2007) have 

also suggested that false positives may arise due to poor primer design and result from  

LHβ expression by normal blood cells.  

 

hCG as an anti-breast cancer therapy 

The case for hCG being an agent with which to prevent cancer is encapsulated in José 

and Irma Russos' 2004 book, the Molecular Basis of Breast Cancer: Prevention and 

Treatment. The incidence of breast cancer is still rising, is the most prevalent cancer in 

Europe and USA, and epidemiology is increasingly indicating that many of the key risk 

factors are related to life-styles associated with Western cultures; refined food diet,  early 

menarche, obesity, and that women have their first full-term pregnancies when they are 

older. Breast cancer is not common in some Far Eastern countries, although women from 

those societies are at greater risk if they migrate to the West than remain in their native 

country. Identifying how these risk factors impact on breast development at a molecular 
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level could enable preventative strategies to be established. Russo and Russo focused on 

the observation that early pregnancy protects against breast cancer. This is not surprising 

as the breast epithelia dramatically alters during pregnancy, from a stem cell rich and 

dormant layer to a highly differentiated multiple-structured tissue capable of synthesizing 

and releasing large quantities of milk in response to key specific stimuli. 

They go on to propose that a treatment to artificially induce differentiation within 

mammary epithelial cells could represent a radical new approach to prevent much of the 

disease. The epidemiological data from which this hypothesis arises is supported strongly 

by experimental observations that a state of pregnancy - whether induced naturally, by 

estrogen/progesterone treatment, or by human chorionic gonadotropin - has a dramatic 

inhibitory effect on carcinogen-induced mammary cancer in rats. The authors argue a 

case for ectopic administration of hCG as a possible preventative strategy. However, 

although this might be a viable strategy for eliminating tumors in rats, it might be 

premature to consider it as preventative in humans. The contentious issue in extrapolating 

the result from experimental studies on rats to humans is that the rat does not possess an 

equivalent hCG gene and their conceptae do not produce any gonadotropic-like hormone.   

It is likely that the cell-differentiating properties of sustained exposure to ovarian 

steroids, as occurs in pregnancy, are part of a complex and coordinated temporal staging 

of pregnancy-associated cytokine signaling that induces breast epithelial stem cell 

differentiation towards more terminally developed lactational epithelia. The further along 

this pathway that differentiation proceeds, the greater the reduction in potential to 

develop breast cancer. More recent studies suggest that breast tissue expresses LH/hCG 

receptors and that hCG has the direct affect of human breast epithelial differentiation (see 
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table 2).  Indeed, for pregnancy-associated holo-hCG to have this effect, the breast 

epithelial tissue must express the LH/hCG receptor at functionally responsive levels.  

Despite some reservations, phase I and II trials have been conducted on human patients 

with breast cancer receiving recombinant hCG (rhCG), and in December 2008 a phase III 

trial of patients at high risk for breast cancer receiving 30 doses of hCG was underway in 

New York (Prevention of Breast Cancer, randomized, single blind clinical trial (USA) – 

NCT00808522). Initial results should be published in 2010. 

 

hCG and breast cancer 

Interestingly several studies have used hCG as targeting ligand to which a toxin is 

conjugated (Bodek et al., 2003; Hansel et al., 2007). This suggests that such tumors 

express/over express LH/hCG receptors to which they respond.  These two opposing 

positions raise the issue of whether exposure to exogenous hCG in the stimulated cycle 

protocol leading up to IVF have increased or decreased the risk of breast cancer. 

Reviewing the literature in a meta analysis of 60,050 women undergoing IVF cycles, 

Salhab and colleagues found that there was no change in relative risk (rr=1.03) for the 

development of breast cancer (Salhab et al., 2005) . Transgenic mice over-expressing an 

engineered LH which contains an hCG-like carboxy terminal peptide do have an 

increased incidence of breast cancer, but this is probably secondary to gross hyper-

stimulation of ovarian function leading to anovulation, infertility, increased steroid 

production and ovarian granulosa cell tumorigenesis (Mann, Keri and Nilson 2003). In a 

similar vein of investigation, Chen et al., (2009) examined polymorphisms around CGB 

gene 5 of the CG/LH gene cluster, and human placental lactogen gene of the hPL-GH 
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gene cluster, in an attempt to link either hormone to the molecular causation of the 4.5 

fold protective effect of term pregnancy on the risk of developing breast cancer. As a 

large case control study, subjects and controls were selected from the New York Breast 

Cancer Family Register. None of the polymorphic markers for hPL were associated with 

an increased risk of developing breast cancer. However, the variant C allele of CGB5 

rs726002 SNP had an elevated breast cancer risk (OR = 2.09) only in women bearing 

children at a young age, <26 years. Among women with a later age at childbirth, breast 

cancer risk did not differ. 

 

Conclusion 

Given the differences in structure and receptor target of intact hCG and free hCGβ, it is 

entirely feasible that the free beta subunit of hCG is produced by tumors and acts as an 

autocrine (anti-apoptotic) growth factor, whilst in pregnancy, intact heterodimeric hCG is 

part of a developmental signal that, among various systems,  initiates breast ductal tissue 

differentiation and hence reduces the population of stem-like cells which are susceptible 

to oncogenic factors. The challenge is to truly discriminate these two actions as 

representing two distinct as yet to be defined molecular pathways. 
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Table and figure legends 

 

Table 1. Frequency and significance of hCGβ expression by common carcinomas. 
Case reports have been omitted as they do not add information regarding the frequency of 

ectopic hCGβ expression. Thirty-seven of 40 reports investigated the frequency of 

elevated levels of hCG (or hCGcf) in serum or urine and/or detection in tissue sections 

by immunohistochemistry (IHC).  Positive detection ranges from 0% in renal cell cancer 

to 93% in small cell (SC) lung cancer; ~30% of epithelial cancer patients will have 

elevated serum levels, 37% elevated urinary levels and 48% of tumors will stain hCG 

positive. Twenty three of the studies specifically investigated cancer prognosis and 20 

(87%) report a strong association between hCGβ detection and poor patient prognosis - 

metastatic spread. Other studies have investigated mRNA levels such as prostate cancer 

(Daja et al., 2000, Span et al., 2002) and renal carcinoma (Jiang et al., 2003) but many 

such studies were compromised by high-level hCGβ mRNA detection in normal tissues. 

mRNA detection of hCG detected in breast cancer cells is described in Table 3.  

Table 2 - Studies suggesting that hCG has a direct protective effect on breast tissue 

and anti-cancer activity. Three studies have examined LH/hCG receptor expression by 

breast tissue; one used such expression to target drug therapy and six studies have 

demonstrated hCG stimulation of secondary messengers and change in breast cancer cell 

gene expression as a result. 

Table 3 – Studies reporting breast tumor ectopic expression of hCGβ.  These studies 

have demonstrate expression as detected by IHC but the incidence (24%) is lower than 

the average (~48%, see table 1) and is not reported as associated with prognosis. hCG 

has been targeted as a marker for the detection of shed circulating breast cancer cells and 

is detected in 36-38% of cases.  

 

Figure 1: Cystine Knot superfamily – Diagrammatic representation of the cystine knot 

hormones/growth factors grouped by functional family. Functional families in which 

hCG/free hCG may cross-react are expanded in detail. 

 

Figure 2: Comparative shapes of cystine knot dimers. Molecular models of the 3D 

structure of dimeric TGF, VEGF, NGF and a theoretical hCG homodimer.  
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Figure 3 hCGβ-LHβ gene cluster ch19q13.32,- Diagrammatic  representation of the 

relative position of hCGgenes 1,2,3,5,7,8 and  LH interspersed with neurotropin 

pseudogenes- NTF4, 6, 6a and 6G. 
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Tissue of origin   

Author & Date 

Serum 

hCG 

Urine  

hCG/cf 

IHC 

hCG 

 

Prognostic 

Bladder     

Dirnhofer et al., 1998  - - 35% (n =104) - 

Mora et al., 1996  76% (n =33) - - - 

El-Ahmady et al., 1996  - 73% (n =237) - - 

Pectasides et al., 1996  30% (n =76) - - Yes 

Iles et al., 1996  - 35% (n =52) - Yes 

Halim et al., 1995  - 60% (n =63) - - 

Lung     

Dirnhofer et al., 2000 

Szturmowicz et al., 1999  

- 

14% (n =85) 

- 

- 

9% (n =90) 

28% (n =85) 

- 

Yes 

Slodkowska et al., 1998 22% (n =92) - - - 

Yokotani et al., 1997 - - 64% (n =14) - 

Boucher et al., 1995 - - 93% (n =44) - 

Oral/Facial     

Hedstrom et al., 1999 20% (n =59) - - Yes 

Bhalang et al., 1999 - - 64%  (n =45) Yes 

Scholl et al., 1997 - - 100% (n =1) - 

Breast     

Agnanatis et al., 1992 

Bieche et al., 1998 

Chang  et al., 2005 

- 

- 

- 

- 

- 

- 

56% (n=27) 

49% (n =99) 

13% (n =334) 

- 

No 

- 

Schwarz-Roeger et al., 1997 - 19% (n = 72) - - 

Hoon et al., 1996 - - 80% (n =32) - 

Cervical     

Crawford et al., 1998  - 33% (n =46) 26% (n =46) Yes 

Schwarz-Roeger et al., 1997 - 29% (n =49) - - 

Grossmann et al., 1995 

Li et al., 2008 

35% (n =40) 

- 

- 

- 

- 

78% (n=89) 

- 

 

Ovarian     

Ind et al., 1997 36% (n =73) - - Yes 

Grossman et al., 1995  41% (n =27) - - - 

Vartiainen et al., 2008 

Endometrial 

33% (n = 173) - - Yes 

Schwarz-Roeger et al., 1997  - 32% (n =25) - - 

Grossman et al., 1995 30% (n =39) - - - 

Vulval/Vaginal     

De Bruijn et al., 1997 10% (n =118) - - Yes 

Schwarz-Roeger et al., 1997 - 17% (n =12) - - 

Carter et al., 1995  38% (n =50) - - Yes 

Colorectal     

Louhimo et al., 2002 

Lundin et al., 2000 

16% (n =204) 

17% (n =232) 

- 

- 

- 

22% (n =232) 

Yes 

Yes 

Kido et al., 1996 - - 37% (n =123) Yes 

Webb et al., 1995 - - 54% (n =377) Yes 

Prostate     

Sheaff et al., 1996 

Ottiti (and Iles) et al.,  

                   - 

4% (n=104) 

           - 

10% (n=104) 

15% (n =80) 

- 

Yes 

No 

Pancreas     

Louhimo et al.,  2004 

Louhimo et al.,  2001 

Syrigos et al., 1998 

50% (n =160) 

- 

42% (n =36) 

- 

- 

- 

- 

56% (n=107) 

- 

Yes 

Yes 

Yes 

Renal     

Berzal-Cantalejo et al ., 2004 

Hotakainen et al., 2002 

Neuro-Endocrine 

Shah et al., 2008 

- 

23% (n =177) 

 

12% (n=360) 

- 

- 

 

- 

0% (n=55) 

- 

 

- 

No 

        Yes 

         

         Yes 
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Table 2 -  

Reference Findings 

Hu et al., 1999 HCG/LH receptor expression much higher in MCF-7 cells than 

other breast cancer and tissue cell lines 

Pond-Tor et al., 

2002 

Treatment with hCG increases MCF-7 breast cancer cells 

sensitivity to radiotherapy 

Gebaur et al., 2003 Conjugation of deoxrubicin to hCG provides as specific targeting 

modality for cytotoxic drug delivery to LH/hCG receptor 

positive breast cancer cells 

Guo et al., 2004   hCG significantly alters the gene expression array of breast 

cancer cell line MCF-7 

Carlsen et al., 2004 - IHC and ISH detection of LH/hCG receptor in all male breast 

tissue samples - intense IHC staining in 0/4 normal 5/13 

gynecomastia and 4/5 cancer samples 

Rao et al., 2004 hCG down regulates proliferation and matrigel invasion by 

MCF-7 by lowering responsiveness of NFkB and AP-1 to stimuli 

Janssens et al.,  

2004 

Review of potential of recombinant hCG as a protective drug 

Meduri et al., 2004 160 patient tumors were examined for LH/hCG receptor, 72% 

stained (strongly) positive. Positive staining was associated with 

increased metastases- free survival  

Jansseens et al., 

2007 

Pilot study of rhCG administered to patients with primary breast 

cancer. Excised treated tumors had reduced proliferation index 

and reduced estrogen &progesterone receptor expression. 

Metastatic breast cancer patients also received rhCG.  

Kocdor et al., 2009 MCF-10F cells treated with rhCG differentiated and prevented 

17 -estradiol transformation of cells in collagen matrix cultures 

into solid masses. 
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Table 3 -  

Reference Findings 

Wachner et al., 1984 15/129 tumors stained positive (but only very few per field).  

Agnanatis et al., 

1992.   

15/27 tumors stained strongly positive for hCGβ 

Taback et al., 2001 HCGβ mRNA was detected in 19 of 25 primary breast cancer 

tissues and 22 of 65 peripheral blood samples from breast cancer 

patients at diagnosis. Primary breast cancer tumour tissue 

expressed functional hCGβ gene transcripts but not the mRNA for 

the alpha subunit Thus, although primary breast cancer also 

expressed  mRNA for the LH/hCG receptor there could not be 

auto stimulation of this receptor as the alpha-beta heterodimer 

hCG could not be formed. 

Hu & Chow 2001 hCGβ mRNA was detected in 9/72 breast cancer patients 

peripheral blood cancer cells and  detection correlated with stage 

of disease. 

Tanaka et al., 2000 Although hCG did not directly stimulate MCF-7 breast cancer cell 

growth, it stimulates expression of aromatase enzymes  such that 

DHEA is converted to estradiol, and hence stimulates estrogen 

dependant MCF-7 cell growth. 

Span et al 2003 RT-PCR Analysis of hCGβ expression of 129 patients breast 

cancer tissue found high hCGβ mRNA levels in 65. High-level 

expression correlated with lower progression free survival, and 

was an independent marker to nodal status. 

Hu et al., 2003 Circulating cancer cells were isolated from blood samples taken 

from 49 patients. hCGβ mRNA expression transcripts were 

detected in 6 pre-operatively and 13 immediately post-operatively. 

Expression did not correlate with recurrence and metastases. 

Fabisiewicz et al., 

2004 

RT-PCR detects hCGß mRNA in peripheral blood circulating 

tumour cells of  21/55 breast cancer  patients (stage 1-11 N0-N1) 

Chang et al., 2005 44/334 tumors stained positive for hCGβ more common in 

apocrine breast cancers (4/5 positive)  
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Cystine Knot Cytokines (Super Family) 

PDGF Like 

 PDGF-  

 VEGF 

 PLGF-1 

TGF-β 

 TGF- 3 

 TGF- 2 

 TGF- 1 

 Bone morphogenetic 

protein-7 (BMP-7) 

 Bone morphogenetic 

protein-2 (BMP-2) 

 Activin A  

 Inhibin B & A chains 

 Glial cell-derived 

neurotrophic factor, 

GDNF 

Neurotrophin Coagulogen Noggin 

Gonadotropins/Thyrotopin 

ThyroFollitropin  Glycoprotein 

hormones α chains 

(includes thyroid 

stimulating hormone 

chain)  

 Gonadotropin  

chains: FSH , LH , 

hCG  

 Thyrotopin – Thyroid 

stimulating hormone β 

chain 

Interleukin-17F 

 Brain-derived 

neurotrophic 

factor, BDNF 

 Neurotrophin 3, 

NT3 

 Neurotrophin 4, 

NT4 

 Β-Nerve growth 

factor 

Figure
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