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The need for an accurate biomarker 
for endocrine therapy response in 
breast cancer
Each year 1.67 million women globally are 
diagnosed with breast cancer and more than 
half a million will succumb as a consequence of 
this cancer [1]. Breast cancer is a group of highly 
heterogeneous diseases consisting of about 20 
morphologically distinct subtypes or at least 5 
molecular subtypes. Although complicated, breast 
cancer can be divided into two distinct subtypes: 
oestrogen receptor alpha positive (ERα+) and 
negative (ERα-) breast cancer, with approximately 
70% breast cancers being ERα+. Endocrine 
therapies, sometimes called hormonal therapies, 
remain the most effective form of systemic 
therapy for ERα+ patients. Endocrine therapies 
have reduced the mortality rate associated with 
breast cancer and have improved overall survival. 
For example, adjuvant therapy with the oestrogen 
antagonist tamoxifen for five years resulted in 
an absolute reduction in mortality of 9.2% at 
15 years [2]. However, despite the benefits, de 
novo and/or acquired resistance to endocrine 
therapy represents a significant issue for optimal 
clinical management. ERα protein levels have 
been clinically used with immunohistochemistry 
(IHC) as a biomarker to predict the response 
of patients to endocrine therapies. Although 
patients whose tumours are ERα+ respond more 
frequently to tamoxifen treatment than those 
whose tumours are ERα-, the expression of ERα is 
not always associated with treatment sensitivity 
and a significant proportion of ERα+ breast 
tumours initially responsive to these therapies 
develop resistance and up to 40-50% of patients 
relapse [3]. In addition, while approximately 20% 
of breast cancer patients treated with endocrine 
therapy lose ERα expression, most tumours that 
become tamoxifen resistant still express ERα 
and demonstrate earlier metastatic recurrence. 
In the last decade, much research has focused 
on understanding the underlying mechanisms 
leading to resistance, and approaches for their 
circumvention, and on developing methods to 
predict which patients are likely to develop 
resistance and are therefore in need of additional 
or alternative therapies. While numerous 
mechanisms, such as enhanced growth factor 
signalling and changes in the expression or 
action of ERs, have been proposed, it has been 

realised that resistance is both highly complex 
and heterogeneous, and it is clear that more 
work is needed to identify and improve clinical 
outcome of patients with ERα+ breast cancers 
[4]. Currently, there are still no clear methods to 
distinguish tumours that will or will not respond 
to endocrine therapies.

Association of SHON with the 
efficacy of endocrine therapies
We have identified a novel oestrogen-regulated 
oncogene, called SHON (secreted hominoid-
specific oncogene), in mammary carcinoma 
[5]. SHON protein expression was detected 
in all cancer cell lines tested so far, including 
breast, prostate, endometrial, ovarian, lung 
and gastric cancer cells, but not in the human 
normal breast MCF10A cells [5]. SHON nuclear 
protein expression (SHON+) in breast tumours, 
as measured by IHC using a SHON polyclonal 
antibody, was found to be positively correlated 
with ERα expression (P<0.001, n=964) and was 
an independent predictor of patient response 
to endocrine therapies (P<0.01, n=402) [5]. 
Patients with tumours negative for SHON nuclear 
expression (SHON-) had a two-fold increased risk 
of mortality, recurrence and distant metastasis at 
10 years compared with patients whose tumours 
were SHON+. Multivariate survival analysis using 
Cox’s regression model demonstrated that SHON, 
but not ERα, was an independent predictor for 
clinical outcome in the studied cohort of breast 
cancer patients (Table 1) [5].

In a subsequent confirmatory study using 
a SHON monoclonal antibody we further 
demonstrated that SHON+ was significantly 
associated with prolonged 5 and 10 year survival 
and reduced risk of mortality from breast 
cancer in the whole cohort (n=1275, P<0.0001), 
the low risk (NPI<3.4, n=377, P<0.01) and ERα+ 
patient (n=911, P<0.00001) subgroups (Liu et al., 
manuscript in preparation). However, there was 
no association between the clinical outcome 
of ERα- subgroup and SHON expression. More 
importantly, in high risk (NPI≥3.4)/ERα+ patients 
who did not receive tamoxifen treatment, 
patients with SHON+ and SHON- tumours had 
a similar survival rate. Meanwhile, SHON+ was 
very significantly associated with better survival 
and lower risk of mortality in tamoxifen-treated 
patients compared with SHON- (n=362, P=0.002). 

Is SHON expression in tumours an 
accurate predictor of response to 
endocrine therapy in breast cancer? 
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In high risk/ERα+ subgroups, if the 
tumours were also SHON+, treatment 
with tamoxifen resulted in improved 
survival and reduced risk of death from 
breast cancer by 79%, whereas if the 
tumours were SHON-, administration of 
tamoxifen had no impact on the survival 
(Liu et al., manuscript in preparation). 
Therefore, our two studies have provided 
strong evidence that the nuclear protein 
expression of SHON is an accurate 
predictor of patient response to 

tamoxifen treatment in breast cancer.

How does the level of SHON 
in tumours influence the 
efficacy of endocrine therapy 
in breast cancer?
 The precise mechanisms that contribute 
to progression to endocrine resistance 
are not yet fully understood. However, 
because ERα signalling is the target of 
endocrine therapy and the expression 
of ERα is still observed in most tumours 

that have become resistant to endocrine 
therapy [6], ERα-regulated functions are 
believed to play a key role in determining 
the response to the therapy. For instance, 
the multigene test OncotypeDX measures 
the mRNA expression level of ERα and 
several downstream ERα-regulated 
genes (PR, BCL-2 and SCUBE2) and then 
computes a recurrence score using an 
algorithm to predict patients’ response 
to tamoxifen. OncotypeDX has not 
been widely used in the clinic because 
sufficient insight into tamoxifen response 
by the simple measurement of ERα and 
PR levels by conventional IHC suffice [7], 
however, it has been shown to identify a 
group of patients with excellent prognosis 
when treated with adjuvant tamoxifen 
[8;9]. Therefore, ERα-driven genes may be 
promising targets for the development of 
molecular biomarkers to predict response 
to endocrine treatment.

SHON is an oestrogen regulated gene 
and SHON signalling is, at least in part, 
mediated by ERα given that ERα pure 
antagonist tamoxifen partially attenuated 
SHON-stimulated growth advantages in 
breast cancer MCF-7 cells [5]. We have 
demonstrated that forced expression 
of SHON increases phospho-AKT and 
phospho-p44/42 MAPK as well as total 
AKT and MAPK levels, and that the 
oncogenicity of SHON is mediated by 
BCL-2 and NF-κB signalling pathways [5], 
suggesting that SHON may modulate 
ERα signalling through the activation of 
p44/42 MAPK, PI3K/AKT/mTOR pathways 
and NF-κB transcriptional activation 
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Table 1. Multivariate survival analysis using Cox regression model for SHON and ERα protein expression in breast cancer.

Variable BCSS DFS DM-FS

HR (CI 95%) P HR (CI 95%) P HR (CI 95%) P

SHON- 1.4 (1.1-1.9) 0.017* 1.3 (1.1-1.7) 0.02* 1.3 (1.0-1.7) 0.037*

ERα- 1.2 (0.99-1.7) 0.06 1.1 (0.9-1.4) 0.5 1.1 (0.8-1.4) 0.6

Tumour size 1.3 (1.1-1.5) <0.001*** 1.2 (1.1-1.7) 0.003** 1.3 (1.1-1.4) <0.001***

Grade <0.001*** 0.018* <0.001***

    G1 1.0 1.0 1.0

    G2 2.2 (1.2-4.0) 1.2 (0.9-1.9) 1.7 (1.1-2.6)

    G3 3.8 (2.2-6.7) 1.6 (1.1-2.3) 2.6 (1.7-4.0)

Lymph node <0.001** <0.001*** <0.001***

    Negative 1 1 1

Positive (1-3 nodes) 1.5 (1.1-1.9) 1.3 (1.1-1.7) 1.5 (1.1-1.9)

Positive (>3 nodes) 3.9 (2.7-5.7) 3.6 (2.6-5.1) 4.2 (2.9-6.0)

*, P<0.05; **, P<0.01; ***, P<0.001; BCSS, breast cancer specific survival; DFS, disease free survival; DM-FS, distant metastases; HR, hazard ratio; CI, 
confident interval; SHON-, negative SHON nuclear expression; ERα-, negative ERα nuclear expression.

Figure. 1: A sketched diagram showing the current under-
standing of SHON and ERα signalling. Tam; tamoxifen; 
ERE, oestrogen response elements; E2, estradiol.
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of BCL-2. Therefore, expression of SHON in tumours could 
be a determinant of active intact ERα signalling, the target of 
endocrine therapies. In this regard, SHON is very much like BCL-2, 
which facilitates the survival of tumour cells but its expression 
in tumours predicts a favourable outcome for tamoxifen-treated 
patients with ERα+ breast cancer [10].

On the other hand, increased NF-κB activity has been reported 
to be associated with anti-oestrogen resistance and inhibition of 
NF-κB activity restored the sensitivity of resistant MCF-7 cells to 
anti-oestrogens [11]. In addition, extensive evidence suggests that 
the PI3K/AKT/mTOR pathway is linked to resistance to tamoxifen. 
In ERα+ breast cancers treated with tamoxifen, AKT activation 
was associated with poor survival [12] and patient relapse [13]. 
Moreover, emerging evidence suggests a close association 
between drug resistance and the induction of epithelial-
mesenchymal transition (EMT) in cancer [14]. We showed that 
SHON promoted EMT in breast cancer cells via TFG-β signalling 
[15]. This indicates that SHON activation may also be a key factor 
in endocrine resistance.

In summary, our two retrospective IHC studies showed 
that SHON was a promising predictor for patient response to 
endocrine therapy. However, multicentre prospective studies 
are required for confirmation and validation before SHON 
can be used as a clinical biomarker. As far as the mechanism 
is concerned, current data suggest that SHON may exert its 
biological functions through autocrine/paracrine models 
(Figure 1). Secreted SHON, probably after dimerisation, may 
bind to a yet-unknown cell surface receptor and trigger auto-
phosphorylation of the receptor, resulting in the recruitment 
of certain signalling molecules which then activate PI3K/AKT 
and MAPK pathways linked to the action of ERα, including 
transcription of target genes and ligand independent endocrine 
resistance. It is also possible that exogenous SHON, rather than 
intracellular pools of SHON, may enter the nucleus as FGF-1 
does, and thus enhance the transcriptional activity of ERα. This 
SHON-mediated enhancement could be effectively blocked by 
tamoxifen. Nuclear SHON may directly be involved in oestrogen 
independent signalling of ERα, mediating tamoxifen resistance. 
SHON may also mediate endocrine resistance through TGF-β 
pathway, which mediates EMT via Smad2/3 [15]. Therefore, clear 
experimental evidence has shown that SHON plays an important 
role in endocrine therapy response in breast cancer, but the 
exact role and its mechanism are not well understood. Further 
studies are required to understand how SHON and ERα signalling 
are integrated in mediating endocrine response. Such research is 
essential to explore the possibility of using SHON as a clinical 
biomarker for effective treatment of ERα+ breast cancer.
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