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Androgen receptor inhibits the hair follicle
induction potential of dermal papilla cells

Check for
updates

by binding with Tcf4 at the A574

binding site

Androgenic alopecia (AGA) is the most common type of
clinical alopecia. Androgen receptor (AR) is the most logical
candidate gene for regulating the occurrence of AGA.
Dermal papilla cells (DPCs) are a special kind of mesen-
chymal cells, located in the hair bulb of hair follicles. DPCs
play a role in maintaining and inducing the periodic cycling
of hair follicles, and are considered as a key cell target of
androgen in hair follicles. Tcf4 is a positive regulator of the
maintenance of DPC biological features. Previously, we
reported that Twist1 can enhance the inductive effect of
Tcf4." As a transcription factor, AR can bind with Tcf4 to
regulate the proliferation in prostate growth and tumori-
genesis.””® However, whether and how AR interacts with
Tcf4 in DPCs remains unknown.

In this study, we employed lentivirus or adenovirus
vectors to overexpress or knockdown AR or Tcf4 in pri-
mary cultured DPCs (Supplementary Methods). First,
adenovirus for overexpression of AR (Ad-AR) or knock-
down of AR (Ad-siAR) was added to the culture medium of
DPCs, and AR was successfully overexpressed or knocked
down (Fig. 1A, B). After AR overexpression, the aggluti-
native behavior of DPCs disappeared (Fig. 1C). Based on
our previous studies that Tcf4 can promote the prolifer-
ation of DPCs in vitro, we further investigated whether AR
plays a role in Tcf4-induced proliferation. We used the
label-free proliferation technique to determine the cell
index of DPCs. Compared with that of the control group,
the proliferation of the Tcf4-overexpression (Ad-Tcf4)-
treated DPCs was significantly increased. As expected,
the proliferation rate of the DPCs treated with both Ad-
Tcf4 and Ad-AR was significantly lower than that of the
DPCs treated with Ad-Tcf4, indicating that AR over-
expression can inhibit the proliferation of DPCs induced
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by Tcf4. In accordance with this finding, the DPCs treated
with Ad-siAR proliferated faster than the control cells or
even Ad-Tcf4-treated cells (Fig. 1D), indicating that AR
knockdown can further enhance the proliferation of DPCs.
These results suggest that AR inhibits the proliferation of
DPCs, and may interact with Tcf4 in regulating DPC
proliferation.

We then tested the expression of DPC markers in the
Ad-AR-, Ad-siAR-, Ad-Tcf4-, Ad-AR- and Ad-Tcf4-, Ad-siAR-
and Ad-Tcf4-treated DPCs. The increased expression of
Fgf7 induced by Tcf4 was inhibited by AR, whereas the
decreased expression of Bmpé was not inhibited by AR
(Fig. 1E). HaCaT cells are from the basal layer of the skin
and can be induced to differentiate into cells resembling
various types of skin cells. To test the inductive ability of
DPCs, we treated HaCaT cells with conditioned medium
from adenovirus treated DPCs. The conditioned medium
from the Ad-siAR and Ad-Tcf4 treated DPCs increased the
expression levels of Krt40 and Krt10, compared to the
conditioned medium from the Ad-Tcf4-treated DPCs
(Fig. 1F). Then, we detected the expression and release of
hair growth-related growth factors (Hgf and Igf-1) in these
adenoviruses-treated DPCs or culture supernatants. The
increased protein expression levels of Igf1 induced by Tcf4
were inhibited by Ad-AR (Fig. 1E). The mRNA expression
levels of Igf1 and Hgf induced by Tcf4 were both inhibited
by Ad-AR (Fig. 1F). The secretion of these factors was
detected by ELISA. The expression trend of these growth
factors in the supernatant was inhibited by Ad-AR as well
(Fig. 1G). These results demonstrated that AR was nega-
tively correlated with the production and secretion of
growth factors regulated by Tcf4 and partly related to the
biological features of DPCs.

CyclinD1 and Survivin are known target genes tran-
scribed by Tcf4. We also found the increased expression
levels of these genes in the Tcf4 overexpressing DPCs. The
increased expression levels of both CyclinD1 and Survivin
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Figure 1  The roles and mechanism of AR in the function of dermal papilla cells (DPCs). (A) The efficiency of AR overexpression

and knockdown. The expression of AR was detected by Western blot and standardized to the expression of GAPDH. (B) The
expression of AR was detected by immunofluorescence. Scale bar = 20 um. (C) Morphological changes in AR-overexpressing DPCs.
The agglutinative growth behavior is designated with dashed line. (D) Growth curve of DPCs detected by an unlabeled real-time cell
analyzer. n = 3, *P < 0.05 compared with the control group. **P < 0.0001 compared with the control group. (E—G) The effect of AR
on Tcf4 induced DPC biological characteristics. n = 3. *Compared with the control, *P < 0.05, **P < 0.01. ***P < 0.001. #Compared
with AR group, #P < 0.05, #P < 0.01, ##P < 0.001. (E) DPCs were treated with Ad-GFP, Ad-AR, Ad-siAR, Ad-Tcf4, Ad-Tcf4 and Ad-AR,
Ad-Tcf4 and Ad-siAR. The DPC markers FGF7 and BMP6, the hair inductive factors Igf1 and Hgf, and the Tcf4 target genes CyclinD1
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were inhibited by the addition of Ad-AR and enhanced by
Ad-siAR (Fig. 1E). The mRNA expression levels showed the
same trend (Fig. 1F). These results indicate that the genes
directly transcribed by Tcf4 may be inhibited by AR.

To determine how AR inhibits the Tcf4 target genes, we
analyzed the expression patterns of AR and Tcf4 in DPCs
both in vitro and in vivo through immunofluorescence. AR
and Tcf4 were colocalized in some DPCs in scalp hair folli-
cles. They were also partly colocalized in the nucleus of
cultured DPCs (Fig. 1H). Western blot results also demon-
strated that AR and Tcf4 were mostly expressed in the
nucleus of cultured DPCs (Fig. 11). Coimmunoprecipitation
experiments were performed to further verify the coex-
pression pattern. AR was detected in Tcf4 precipitated
proteins, and Tcf4 was also detected in AR precipitated
proteins (Fig. 1J). Dihydrotestosterone (DHT) was reported
to be a key factor for AGA. When DHT was added to the
DPCs, the binding of Tcf4 and AR was not impacted
(Fig. 1K). These results demonstrated that AR could physi-
cally interact with Tcf4 in DPCs.

We then explored how AR interacts with Tcf4 in DPCs.
A574 was reported to be a DNA-binding site for AR, and
mutation of A574—D574 resulted in the loss of AR trans-
activation.” To determine the binding site for AR and Tcf4 in
DPCs, we constructed a lentivirus overexpressing mutated
AR named Lenti-A574D (Fig. 1L, M). Ad-AR-Flag, Lenti-
A574D-Flag or control treated DPCs were tested by coim-
munoprecipitation. When the proteins were precipitated
with anti-Flag, Tcf4 was only detected in the Ad-AR-Flag
treated group. When the proteins were precipitated with
anti-Tcf4, Flag was only detected in the Ad-AR-Flag treated
group (Fig. 1N). These results demonstrated that A574 is a
key binding site for AR and Tcf4 in DPCs. When this site is
mutated, the molecules cannot bind with each other. To
further validate the results, we sequenced and compared
the transcriptomes of the Ad-AR- and Lenti-A574D-treated
DPCs. The Ad-AR-treated DPCs were also immunoprecipi-
tated with anti-Tcf4, and the precipitated DNA was
sequenced. The differentially expressed genes in the
transcriptome sequence were compared with the ChIP-
sequence data (Fig. 10). In total, 20 genes were selected by
Venn analysis, and 14 of them were found in anti-Tcf4

ChIPed-DNA (Fig. 1P, Q). The sequence data indicate that
most of the differentially expressed genes between the AR-
treated and A574D-treated DPCs were the direct target
genes of Tcf4 in DPCs, whereas some differentially
expressed genes were indirectly impacted by the AR-Tcf4
interaction. This finding is in accordance with the result
that some Tcf4-induced DPC markers are not impacted by
AR overexpression (Fig. 1E).

In summary, we reported that AR inhibits the aggluti-
nation growth of DPCs, the proliferation of DPCs induced
by Tcf4, the expression of Tcf4 target genes and the
secretion of growth factors regulating hair follicle regen-
eration. We also reported that the reported DNA-binding
site A574 is a key binding site for AR to bind with the Tcf4
protein. However, binding with Tcf4 is not the only
pathway for AR signals to regulate the features of DPCs. In
conclusion, we report new data to clarify whether and how
AR regulates the biological features of DPCs in vitro.
Targeting the AR/Tcf4 complex is a potential treatment
strategy for AGA.
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Supplementary data to this article can be found online at
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and Survivin were detected by Western blot with normalization to the expression of GAPDH. HaCaT cells were cultured in
conditioned medium from adenovirus vector-treated DPCs. The differentiation markers Krt10 and Krt40 were detected by Western
blot with normalization to the expression of GAPDH. (F) The mRNA expression of Igf1, Hgf, CyclinD1 and Survivin was detected by
gPCR and standardlized to that of g-actin. (G) The concentration of the secreted factors was detected by ELISA. (H) The coex-
pression of AR and Tcf4 was detected by immunofluorescence in human scalp slices (scale bar = 20 um) and cultured DPCs (scale
bar = 5 um). The inserted photos are the enlarged picture of the framed area in the same photos. (I) The expression levels of AR
and Tcf4 in the cytoplasm and nucleus of DPCs were separately detected by Western blot, and GAPDH was used as an internal
control. (J, K) The expression of Tcf4 and AR in DPCs (J) or DHT-treated DPCs (K) were detected by coimmunoprecipitation. The
upper panel shows the results of immunoprecipitation with anti-Tcf4 and immunoblotting with anti-AR. The lower panel shows the
results of immunoprecipitation with anti-AR and immunoblotting with anti-Tcf4. (L) The plasmid vector map of A574D. It is
coexpressed with GFP and can be detected by anti-Flag. (M) The mutation site of A574D at the gene and peptide levels. (N) DPCs
were treated with Ad-AR-Flag or Lenti-A574D-Flag. The DPCs were immunoprecipitated with anti-Flag and immunoblotted with
anti-Tcf4 (upper panel). The DPCs were immunoprecipitated with anti-Tcf4 and immunoblotted with anti-Flag (lower panel). (O)
The strategies used in the analysis of the sequencing data. First, the RNA-sequenced genes between the AR and A574D, AR and AR
control, and A574D and A574D control were compared separately, and the overlapping differentially expressed genes were
selected. Then, ChlIP-sequencing was performed in the AR-overexpressing DPCs. Finally, the selected differentially expressed genes
were compared with the ChIP-sequence data. (P) Venn diagram of the differentially expressed genes in the RNA-seq data. (Q) The
expression trends of the 20 selected differentially expressed genes in the RNA-seq data and ChIP-seq data.
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