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Abstract 

Prostatic tissue experiences and responds to a host of paracrine, autocrine and endocrine factors during its development, maintenance and 
pathological conditions like cancer. Structural and functional phenotypes of the prostatic epithelial compartment largely depend on the factors 
secreted by the stroma. Except for only a few, the cells from both the compartments of the prostate are androgen responsive. Many of such stromal 
factors which are produced and secreted under the influence of androgens are commonly named as ‘andromedins’. This minireview encompasses 
brief accounts on the functions of the andromedins and their signaling pathways involved in the glandular development and pathogenesis of the 
prostate. 
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Introduction
Prostate is a tubuloalveolar gland which acts as a male acces-

sory sex organ. The growth, differentiation and morphogenesis of 
prostatic tissues largely depend on the sex-steroid hormones [1]. 
Closely apposed cell types (epithelial and stromal) interact with 
each other in the prostate to maintain homeostasis in the gland 
[2]. A schematic transverse section showing all the cell types of the 
glandular prostate has been presented in Figure 1.

Studies have shown how the sex-steroids affect the individual 
cell types and their mutual interaction which, in turn, lead to alter-
ation of tissue homeostasis [3,4]. Androgens, especially DHT act on 
both cell types via binding to AR. Upon binding, AR-DHT complex  

 
moves into the nucleus to regulate gene transcription [5]. Driven by 
androgen action, prostate stromal cells release certain growth-fac-
tors that induce epithelial cell proliferation, differentiation and 
luminal organization. The generic name used for such chemical 
factors is ‘andromedin’ [6,7]. Figure 2 describes the phenomenon 
schematically. Fasciana, et al. and Lu, et al. respectively identified 
FGF7 and FGF10 as the two foremost known members of the an-
dromedin family [8,7]. In this review, we will focus on the contri-
bution of some of the mostly investigated andromedins like KGF 
or FGF7, FGF10, EGF, HGF and IGF in prostatic epithelium during 
development and pathogenesis.
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Figure 1: A schematic representation of the different cell types and their relative arrangement in the glandular prostate.

Figure 2: Schematic representation of the stromal-epithelial interaction and the proposed model of andromedin action.

Prostate Development
As the process of prostate organogenesis is understood, it can 

be divided into four sequential stages: (1) Induction, (2) Epitheli-
al budding and ductal growth, (3) Branching morphogenesis, (4) 
Ductal lumen formation [9,6]. Although the exact molecular mech-
anisms of induction are not well characterized, there are two main 
hypotheses: 1. Smooth muscle model and 2. Andromedin model. 
The ‘smooth muscle model’ proposes an inhibitory role of smooth 
muscles (differentiated by androgen signaling) on the prostatic ep-
ithelium budding which is otherwise regulated constitutively. On 
the other hand, ‘andromedin model’ suggests a direct stimulatory 

role of stromal andromedins to induce adjacent epithelial budding 
[10]. In rodents, before and during prostate development the mes-
enchymal (stromal) cells exhibit a lofty expression of Androgen Re-
ceptor (AR), whereas epithelial cells start expressing AR much later. 
This suggests the androgenic effects on epithelium are independent 
of epithelial AR but mediated via stromal AR [11]. In mouse mod-
els, embryonic Urogenital Epithelia (UGE) in combination culture 
with AR-positive Urogenital Mesenchyme (UGM) leads to devel-
opment of normal epithelial structures, while UGE combined with 
AR-negative or non-functional AR containing mesenchyme leads to 
malformed/under-developed glands with stratified squamous epi-
thelium [12,13]. An extensive study by Singh, et al. with the human 
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fetal prostate as a model system showed that AR expression starts 
as early as 7th week across stromal cells, while epithelial cells show 
AR expression only during 11-13th weeks. At 22nd week of devel-
opment, the expression happens to be across the gland [14]. This 
clearly indicates that early induction, budding and ductal growth of 
epithelial cells rely more on indirect androgenic effects via stromal 
paracrine factors and only at later stage direct androgenic signals 
are important for cytodifferentiation and completion of develop-
ment.

In vitro prostate stromal cell culture displayed an increase in 
both Fgf7 and Fgf10 expression levels in the presence of andro-
gens [7]. Kgf/Fgf7 null mutants lack a prostate phenotype, whereas 
Fgf10 null mutants show either complete lack of budding or forma-
tion of incomplete prostate buds [15,16]. Epithelium-specific dele-
tion of Fgfr2, the receptor of Fgf7 and Fgf10 was found to obliterate 
the formation of anterior and ventral lobes [17]. Fgf7 and Fgf10 are 
expressed in mouse Urogenital Mesenchyme (UGM), the embryonic 
precursor of prostatic stroma [18]. Addition of exogenous Fgf7 and 
Fgf10 has shown to promote growth and branching of Urogenital 
Sinus Epithelium (UGE), cultured as an explant [19-21,16]. Fgfr2 
is suggested to incite the PI3K/mTOR signaling pathway. Impair-
ment or inhibition of either the receptor or the pathway is reported 
to suppress the growth and branching morphogenesis of prostate 
during development [22]. Conditional knockout of Fgfr2 leads to 
androgen-dependent tissue homeostasis without disrupting the 
androgen-dependent secretory behaviour of adult prostate. Epi-
thelial cells devoid of Fgfr2 happen to have reduced expressions of 
Bone Morphogenetic Protein (BMP) 4, Transforming Growth Factor 
(TGF) β, HOXD13 [17].

Though crosstalk between Wnt (wingless) and Androgen (AR) 
signaling pathways has been widely studied in the context of pros-
tate cancer, recently AR signaling is appreciated to induce Axin2, 
otherwise a direct downstream target of β-catenin/Wnt pathway. 
These cells have progenitor properties to regenerate prostatic ep-
ithelium [23]. Wnt signaling is found to be active in mouse UGM 
before budding and in both UGM and UGE during ductal growth 
[24,25]. Androgen Receptor (AR) coincidentally has similar kind of 
expression pattern, though during induction it binds with androgen 
in UGM and not in UGE cells [26,27]. β-catenin, principal media-
tor of Wnt signaling, if conditionally targeted, results in the forma-
tion of prostatic rudiments lacking expression of epithelial marker 
Nkx3.1 [24,28-30]. AR, though not directly, acts as an indispensi-
ble factor to mediate the expression of Axin2, supposed to support 
early development and regeneration of prostatic epithelium [23]. 
In 2008, Placencio, et al. discovered inter-dependence among the 
Androgen, Wnt and Tgfβ signaling pathways in the context of stro-
mal-epithelial interaction in prostate. Androgen antagonist leads 
to an elevation of Wnts in Tgfβ-knockout stromal cells. High Wnt 
activity in epithelial cells maintains a high level of proliferation. On 
the contrary, Neutralization of Wnt signaling by Secreted Frizzled 
Related Protein (SFRP) 2 results in decreased epithelial cell prolif-
eration [31]. Though the amount of work done in this direction is 
insufficient and inconclusive, it is important to execute a more de-

tailed analysis of the Tgfβ-Wnt-androgen axis to reveal the actions 
of andromedins behind the development of the prostate gland. 

Prostate Cancer
Prostate cancer is regarded as the most diagnosed non-skin 

malignancy in US. The age-adjusted incidence rate of prostate can-
cer is predicted to be much higher in currently developing coun-
tries than those which are already developed [32,33]. An interest-
ing study by Wang, et al. showed that epithelial cells, if implanted 
in AR-positive UGM, develop into tumor upon androgen treatment 
in 36% mice [34]. When transformed Benign Prostatic Hyperplasia 
(BPH)-1 cells are grown in mice in combination with AR-positive 
stroma (WT UGM), cancer initiation and progression happen, but 
when combined with AR negative stroma (Tfm UGM), only small, 
irregular, non-cancerous glands develop [35]. Spontaneous devel-
opment of Prostatic Intraepithelial Neoplasia (PIN) in PTEN+/- can 
be repressed to a certain extent in offspring bred with stromal 
AR-knockout (dARKO) mice [36]. Androgen Deprivation Therapy 
(ADT) in androgen-dependent prostate cancers has been reported 
to reduce FGF2, Interleukin (IL)6, Insulin-like Growth Factor (IGF)1 
and TGFβ, all of which are able to increase cancer cell proliferation 
and tumor progression [37,38]. In the context of prostate cancer, 
androgen induced (obtained by microarray analysis) paracrine fac-
tors of stromal origin that unleash the proliferative ability in epi-
thelial cells are Connective Tissue Growth Factor (CTGF), FGF 2,5,7, 
Hepatocyte Growth Factor (HGF), IGF 1,2, IL6, platelet derived 
growth factor (PDGF), TGFβ 1,2,3, Vascular Endothelial Growth Fac-
tor (VEGF), and Wnt. Decreased availability of proliferative growth 
factors upon ADT is suspected to cause Epithelial-to-Mesenchymal 
Transition (EMT) in search of more habitable microenvironment 
(metastasis) [39]. Figure 3 sketches a brief outline of this process. 
Extracellular Matrix (ECM) is composed of a huge pool of secreted 
peptides, glycoproteins, and proteoglycans which collectively pro-
vide the cells with the ground for attachment and a favorable mi-
lieu for growth and morphogenesis, entrapping growth factors and 
chemo attractants and functioning as a reservoir of the same. An-
drogen actively regulates the ECM secretion from the Cancer-Asso-
ciated Fibroblasts (CAF)s. Androgen is shown to regulate the total 
volume of ECM and to alter the Matrix Metalloproteinase (MMP) ac-
tivity in tumour stroma [40,39]. Collagen I, a principal component 
of ECM is attributed to increased tissue stiffness in solid tumour 
[41]. On addition of collagen I, RWPE-1 normal prostate epithelial 
cells in in vitro 3D overlay culture tend to form more invasive dys-
morphic structures and less acini compared to the control growing 
in plain matrigel [42].

From the studies in rodents, it is now evident that AR in pros-
tate stroma is essential to secrete and deposit collagen. Stromal 
AR knockout mice show a drastic decline in collagen level in ECM 
though the serum androgen level remains unchanged [13]. Im-
pelled by Dihydrotestosterone (DHT), prostate stromal cells upreg-
ulate adhesive ECM proteins COL1A1, COL3A1, COL4A6 and FBN1, 
whereas the ECM degrading enzymes (MMPs) are downregulated. 
Hence, it is suggested loss of stromal AR gives rise to such an ECM 
environment which is less adhesive for cancer epithelial cells and 
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more favorable for metastatic spread [43]. In 2015 Zou, et al., pro-
posed the model of malignant transformation of the prostate ep-
ithelial cells due to the activation of autonomous AR signaling in 
epithelial cells instead of the homeostatic andromedin-based para-

crine signaling. Also, epithelial stem cells are more prone to accu-
mulate mutations because of the decline of the overall testosterone 
level with age [44,45]. 

Figure 3: Disruption of androgen-andromedin axis drives the epithelial cells relying more on a constitutive autocrine AR signaling and 
undergoing metastatic transformation.

Conclusion
The prostate is one of the most extensively used model systems 

to study glandular development and the roles of endocrine medi-
ators. A series of experiments with Androgen Receptor Knockout 
(ARKO) mice indicated the dependance of prostate epithelial mor-
phogenesis on the stromal counterpart. Studies in Prostate Epithe-
lial Cell Specific (pes-ARKO) mice showed the importance of AR in 
the maintenance of the relative abundance of luminal and basal cell 
subpopulations in prostatic epithelium [44,36]. Stromal Fibroblast 
Specific ARKO (FSP-ARKO) leads to increased apoptosis, decline in 
epithelial proliferation and less collagen matrix [36]. Both fibro-
blast and smooth muscle specific ARKO (dARKO) were reported to 
affect epithelial cell viability, branch formation and anterior lobe 
size [46]. A complete knockout of AR in all the prostate cell types 
leads to no prostate development at all [47]. All these results, put 
together, clearly reveal how important the heterotypic cell-cell in-
teraction is especially in the context of prostate development. Ep-
ithelial development seems to depend more on stromal contribu-
tions. Although there are already reports, as discussed above, on 
how stromal mediators induced by androgens assist and modulate 
epithelial morphogenesis, many of them remain to be firmly estab-
lished as ‘andromedins by definition’. Keeping the recent develop-
ments in mind, it looks promising to investigate ‘androgens→ stro-
mal mediators→ epithelial morphology’ axis with greater details in 
the context of both normal and malignant development, preferably 
by employing the state-of-the-art tissue culture techniques and the 
new age ‘omics’ approaches.

Highlights
i. Under the influence of androgens, the stroma of the pros-

tate gland secretes growth promoting factors (andromedins) which 
cause proliferation of the epithelial compartment.

ii. Targeting andromedins instead of androgen itself, hope-
fully, may open a new door to prostate cancer therapeutics.

iii. This minireview encompasses brief accounts on the func-
tions of the andromedins and their signalling pathways involved in 
the glandular development and pathogenesis of the prostate.
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