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Abstract
Introduction: Primary Cicatricial Alopecia (PCA) is an autoimmune condition that affects the skin and causes hair loss in 
patients. In PCA the hair follicles of the patients are irreversibly damaged and replaced with fibrous tissue. This diseased 
condition lends relevance to our work since the fibrosis raises the potential that PCA may be affected in some way by the 
Epithelial Mesenchymal Transition (EMT). We used small interfering RNAs (siRNA) of TGFβ, AGTR and their regulators 
to identify the EMT modulation. Because these molecules mediate the induction of EMT. This study explores the idea of 
lowering PCA fibrosis by modifying EMT markers. Methods: We chose 7 DHC and BM15766 to investigate the function 
of cholesterol biosynthesis inhibition. We employed the HFORS in vitro and the mouse in vivo model system to examine 
EMT regulation PCA. Quantitative real-time PCR was utilised to examine the expression of genes in PCA scalp samples, 
compound-treated HFORS, and mouse tissues; immunohistochemistry was used to confirm the protein estimate in the 
scalp samples; and small interfering RNA (siRNA) transfection was used to identify the functional analysis of TGFβ and 
AGTR. Results: Reduced cholesterol production in PCA patients leads to permanent hair follicle damage. The in vitro and 
in vivo study using 7DHC and BM15766 revealed cells were positive for the EMT markers. PPARγ, AhR, and AGTR together 
can act as vital EMT regulators. As a result, the PPARγ agonist, AhR, and AGTR antagonist significantly downregulate the 
expression of CDH1, SNAIL1, and SMA. The markers of EMT are likewise deregulated by the transfection of siRNA for 
TGFβ and AGTR. Conclusion: We clarify how EMT is regulated in hair loss circumstances by suppressing cholesterol 
biosynthesis. We further confirm that EMT modulators (PPARγ, AhR, AGTR, and TGFβ) and siRNA can be employed 
as potentially effective strategies to slow the advancement of EMT. As a result, we propose these cholesterol and EMT 
modulators as potential inhibitors in PCA etiology. 
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1.  Introduction
Primary Cicatricial Alopecia (PCA)1–4 is an irreversible 
form of hair loss with retreating follicular ostia1. 
Depending on scar formation, alopecia has two forms: 
Scarring and nonscarring alopecia. The scarring 
alopecia is divided into lymphocytic, neutrophilic, and 

mixed. Lymphocytic is Central Centrifugal Cicatricial 
Alopecia (CCCA), Frontal Fibrosing Alopecia (FFA), and 
Lichen Planopilaris (LPP); neutrophilic include Tufted 
Folliculitis (TF) and Folliculitis Decalvens (FD); mixed 
type is Dissecting Cellulitis (DS)2. The pathogenesis of 
PCA is poorly known. 
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Our study mainly engrossed in the pathological 
phase of alopecia. Fibrosis, itching, and pain are the 
pathophysiological trademarks of alopecia. Therefore, 
we focused on Epithelial-Mesenchymal Transmission 
(EMT) and various molecular modulators which plays 
an important role in phenotypic changes like apical-basal 
polarity,cell-cell adhesion, and finally, pathologic fibrosis, 
and physiologic repair. 

Karnik, et al.3 introduced the unsuspected role of the 
Peroxisome Proliferator-Activated Receptor (PPARγ). 
The target deletion of PPARγ in the isthmus or bulge of 
follicular epithelium shows LPS-like pathophysiology and 
LPP patients’ manifest defects in peroxisome biogenesis 
and lipid metabolism. Histologically, the PCAs’ lesioned 
Hair Follicles (HF) are eventually destroyed and replaced 
with fibrous tissue4. In addition to this, numerous 
hormones have a significant impact on both the hair cycle 
and the architecture of the hair follicle. In particular, the 
effects of androgens have been thoroughly examined 
and discussed in earlier studies. Depending on where on 
the body the hair is, androgens have an impact on hair 
follicles. The binding of androgen-to-androgen receptors 
on dermal papilla cells is the primary mechanism by 
which androgen affects the hair follicle.

Additionally, studies reveal where androgen is 
produced concerning the enzymes that make up the 
hair structure. These hormonal imbalances can result in 
female pattern hair loss and other types of alopecia5. The 
inflammation around the hair follicle is the aetiology of 
hair loss in PCA, but the details about the pathogenesis 
are unclear6. Lichen Planopilaris (LPP) is an archetypal 
PCA with sudden hair loss and clinical symptoms such as 
burning, itching, and scalp pain. The marginal areas of the 
affected scalp consist of perifollicular erythema and scale7. 
Frontal Fibrosing Alopecia (FFA) is considered a variant 
of LPP with an overlap of histologic features. Both entities 
illustrate T-cell-dependent lymphocytic inflammation 
and perifollicular fibrosis8. Another important condition 
in scarring alopecia is Dissecting Cellulitis (DC) which 
causes aberrant scalp purulence and is characterised by 
excruciating nodules9. The treatment strategies for PCA 
are minimal, and its diagnostics are based on clinical 
observations and histological studies10. Unfortunately, 
the current treatment strategies are inadequate to stop 
skin scarring and permanent hair loss11. Recent studies 
by Najeeb, et al., suggested that an altered cholesterol 
biosynthetic pathway leads to the functional elevation 

of TGFβ- the SMAD pathway, which acts as a positive 
regulator of tissue fibrosis in PCA conditions. Similarly, 
the experimentally executed inhibited sterol regulatory 
pathways under in vitro and in vivo studies using 7DHC 
and BM15766 shows a surge in the expression of fibrotic 
TGFβ, AhR, AGTR112.

The influx of immune cells and inflammation is the 
hallmark of PCA. The study conducted by Panicker, et al., 
suggested that inhibition of the cholesterol biosynthetic 
pathway and the accumulation of cholesterol intermediates 
play a vital role in early pathogenesis2. The addition of 
exogenous 7-Dehydrocholesterol (7DHC) resulted in 
the upregulation of the interferon signalling network 
and Toll-like receptors in vitro and in vivo. Studies in 
murine models showed abnormal HF cycling and growth. 
Evidence of epidermal thickening and follicular plugging 
was also found after cholesterol inhibition. Similarly, an 
increased catagen induction and inactivation of stem 
cell markers were observed after cholesterol alteration. 
Previous studies reported that inflammatory responses 
are set in due to the accumulation of cholesterol 
precursor, and recruits macrophages, leading to hair 
follicle destruction3. The upregulated TGFβ is a well-
established catagen and fibrosis inducer13,14. Therefore, 
we used the 7DHC (cholesterol precursor) and BM15766 
(pharmacological inhibitor of DHCR7) to identify the 
EMT modulation via inhibitory cholesterol biosynthesis 
under in vitro and in vivo treatment conditions. 

There is a well-established understanding of PPAR’s 
regulatory role in PCA. The expression of PPARγ was 
found to be lower than that of the other two PPARγ 
isoforms in scalp samples from people with LPP and 
healthy controls. Peroxisomal gene expression was found 
to be suppressed in LPP. At last, evidence accumulated 
to show that PPARγ played a critical role as a master 
regulator in LPP pathogenesis15. Previous research 
indicates that PPARγ agonists can reduce skin and lung 
fibrosis caused by experimental means16,17. Additionally, 
the anti-inflammatory functions of PPARγ are well 
established18–20. The patients affected with psoriatic 
plaques utilize the pro-differentiating, anti-proliferative 
and immunomodulatory activities of the PPARγ17. 
The regulatory actions on PPARγ might modulate 
EMT activities. A previous clinical study indicates that 
Pioglitazone was used in treating LPP. Also, the clinical 
trials of 22 LPP patients administered with Pioglitazone 
showed reduced medical implications7,21. In association 
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with FFA, Aryl Hydrocarbon receptor (AhR) activity 
with alkyl phenolic compound interfered with the action 
of PPARγ22,23.

Earlier studies on LPP and FFA proposed that 
perifollicular fibrosis is due to EMT24,25. In EMT, the 
epithelial cells lost their cell-cell polarity and acquired 
the properties of mesenchymal cells26–28. Clinical studies 
on FFA show that lesional sites are abundant in SNAIL 
activation, leading to EMT activation in PCA24. Herein we 
focused on modulating EMT to reduce the pathological 
implications of PCA, thereby reducing the severity of 
disease complications. Current evidence supports that 
cell-surface proteins (Cadherins, Integrins), cytoskeletal 
markers (α SMA, Vimentin, β Catenin), Extra Cellular 
Matrix proteins (Collagen, Fibronectin, Laminin), and 
Transcription Factors (SNAILfamily, TWIST, LEF-1) 
contribute to EMT29.

In the HF morphogenesis of mice, SNAIL1 mRNA 
and protein are transiently expressed at the hair bud stage. 
In contrast, some studies suggest that SNAIL1 is limited 
in mesenchymal cells of the skin, especially below the hair 
bud of embryonic skin30,31. Thus, the Hair Follicle Stem 
Cells (HFSCs) are located at the bulge area responsible 
for the physiological hair cycle and regeneration. The 
cross-talk between specialized dermal cells and HFSCs 
regulates the induction of HF. Therefore, the well-
organized epithelial-mesenchymal interaction is crucial 
for HF formation32–34.

Studies conducted on LPP and FFA showed lose of cell-
cell polarity and high level of SNAIL activation in lesional 
sites25. Here, we focused on modifying EMT to lessen the 
severity of disease complications brought on by PCA and 
its pathological ramifications. The evidence described 
that transcription factors (SNAIL family, TWIST, LEF-1), 
cell-surface proteins (Cadherins, Integrins), cytoskeletal 
markers (αSMA, Vimentin, Catenin), Extracellular 
Matrix proteins (Collagen, Fibronectin, Laminin), and 
other factors all play a role in EMT29. 

Other skin and organ fibrosis studies showed that 
TGFβ plays a crucial role in EMT induction. This 
induction is mediated by the TGFβ/Smad pathway, 
stimulating the epithelial cells to undergo EMT38,39. The 
clinical trials showed the suppressive activity of Losartan 
in EMT, Renal Hypertrophy and, finally, attenuated Renal 
Fibrosis40. Some previous pieces of literature provide 
for the idea of modulating the EMT by regulating the 

TGFβ13,41 and AGTR. The relationship between TGFβ 
with Pioglitazone in LPP has already been studied. The 
downregulation of PPARγ causes the upregulation of 
TGFβ, SMAD2, and SMAD3. Therefore, the TGFβ 
signalling is the crucial mechanism for EMT in LPP13. 
In tissue repair and carcinogenesis, the SNAIL family 
proteins are the direct target of TGFβ and have a role in 
EMT26. We planned to interfere with TGFβ and AGTR 
to identify how the EMT markers are regulated. RNA 
interference is the standard method for the target gene 
knockdown11. Therefore, we used small interfering RNAs 
(siRNA) of TGFβ and AGTR to inhibit their activity, 
thereby modulating the EMT marker genes.

Our primary objective is to reduce fibrosis and 
associated scarring in PCA by modulating EMT. 
Cholesterol production is dramatically downregulated 
in PCA, which results in inflammation and fibrosis. 
Therefore, controlling cholesterol biosynthesis and 
inflammatory genes could lower patients’ fibrosis severity. 
We planned to use PPARγ agonists and antagonists, 
Resveratrol, Angiotensin II, and Losartan, as therapeutic 
options to reduce fibrosis and eventually rescue the hair 
follicle. In addition, the inhibitory effect of TGFβ and 
AGTR on EMT was found, and these target molecules 
likely lowered the disease.

2. Materials and Methods

2.1 Human Scalp Tissue
Experiments on human subjects were conducted with the 
approval of the Human Ethical Committee, University 
of Kerala (ULECRIHS/UOK/2018/35). Informed written 
consent was collected from the participants. The 
neutrophilic and lymphocytic PCA were diagnosed 
through clinical observations. The patients selected for 
this study had active lesions and 4mm2 scalp biopsies 
were collected from the affected and unaffected areas 
of the diseased individuals. The affected sites show 
inflammation but with retained HF. Scalp biopsy from the 
healthy individual was considered a control and confirmed 
that they had no evidence of skin or hair disorders. All 
patients had effective symptoms like itching, pain, and 
progressive hair loss. The collected samples were stored at 
-800 C for further evaluation. 
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2.2 Animals
Experiments on animals were conducted under approval 
from the Kerala University Institutional Animal Ethics 
Committee (IAEC 1-KU-12/21-ZOO-SRP(4). The animals 
were reared at the Animal House facility at the University 
of Kerala.C57BL/6 mice, aged seven weeks, were randomly 
grouped into four. Each group consisted of six animals. 
Depilation helped synchronize the hair growth, retaining 
the hair follicle in the telogen phase. The scalp hairs of 
the animals were removed using depilatory agents. The 
depilated scalp was treated with 25 mM 7DHC and 4 
mM BM15766 for 15 days. Ethanol and DMSO were used 
to dissolve the compounds and applied topically. The 
treated scalp skin harvested was stored at -80°C for qRT-
PCR analysis, and the samples were fixed in paraffin for 
histological sectioning (H and E staining).

2.3  Human Hair Follicle Outer Root Sheath 
Cells

Human Hair Follicle Outer Root Sheath Cells (HHFORS) 
(ScienCell Research Laboratories, USA) a gift from Dr 
Karnik P, cultured in Mesenchymal Stem cell media 
supplemented with FBS and Penstrip (according to 
manufacturer’s instructions). Cells were seeded in 100mm 
Plates with a density of 0.6x106 4,8. DHC, BM15766, 
Pioglitazone, GW9662, TCDD, Resveratrol, Losartan 
and Angiotensin II and their combinations were treated 
in HHFORS cells. Ethanol and DMSO were used as 
vehicles. The final vehicle concentrations never exceeded 
0.1%. The treatment concentrations have been published 
in our previous study4. The cells were further used for 
RNA isolation, qRT-PCR, and immunofluorescence  
analysis.

2.4 Quantitative Real-Time PCR
RNA isolation was conducted with previously described 
protocols2. RNeasy Mini Kit was used for RNA extraction. 
SYBR Green-Labelled PCR primers for all targeted genes 
were purchased from G-Biosciences made in the USA 
(Cat # 786-5062). Expressions of all targeted genes in 
PCA, normal scalp samples, HHFORS, and mice samples 
were quantified.

2.5 Immunohistochemistry
Normal and PCA scalp tissues were fixed in 4% 
paraformaldehyde for 24 h. H and E staining and 

immunohistochemical staining were performed using 
the standard protocols. EMT-associated markers were 
detected using specific Rabbit polyclonal primary 
antibodies, including CDH1(1:100), α SMA (1:100), and 
SNAIL 1 (1:100) purchased from ImmunoTag USA (Cat# 
ITT02816), Goat anti-Rabbit IgG (HRP conjugated) 
Secondary antibodies were purchased from Real Gene. 
Images were captured using a LABOMED Lx 500 
binocular microscope for immunohistochemical sections. 

2.6 siRNA Transfection
The HHFORS cell with 70-90% confluency was used 
for siRNA transfection. The cells were incubated with 
liposome complex containing siRNA and Lipofectamine 
3000 (Invitrogen) under serum and antibiotic-free 
conditions. The targeted siRNA of AGTR1 and TGFβ was 
obtained from (OriGene). After 8 h, a fresh mesenchymal 
stem cell medium with 10% FBS was added, and the 
cells were incubated for a further 16 h. After this 24 h 
incubation, the cells were harvested and used for RNA 
isolation, followed by qRT-PCR.

2.6 Statistical Analysis
All experimental results were analysed by one-way 
analysis of variance (p < 0.001) using SPSS software (Ver. 
22.0).

3. Results

3.1  Upregulated Expression of EMT Marker 
Genes and Proteins in PCA Scalp 
Samples

To find the involvement of EMT in PCA, the gene
expression of EMT markers in PCA (DC, FFA, and 
LPP) samples were investigated (Figures 1(a)-1(c)). For 
transcriptome analysis, we selected the EMT markers, 
CDH1, SMA, and SNAIL1. Here, the affected scalp tissue 
samples are compared with healthy scalp tissue. The real-
time PCR validation of PCA samples revealed significant 
overexpression of CDH1, αSMA, and SNAIL1 compared 
to the control.

Immunohistochemistry was used to look at how EMT 
marker proteins were expressed in PCA patient tissue 
samples (Figure 1(d)). CDH1, SNAIL1, and αSMA had 
increased expression, in affected samples. Additionally, 
the elevated expression of these EMT markers resulted in 
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increased cell-cell adhesion and thickening of the fibrotic 
tissue. Here, both neutrophilic and lymphocytic cell types 
were receptive to EMT markers. These findings imply 

that the EMT genes and proteins, which were mostly 
involved in fibrosis, are significantly upregulated in the 
PCA samples.
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Figure 1. (a-d) Upregulated expression of EMT marker genes and proteins in PCA scalp samples. Real-time PCR 
validation of EMT marker genes, CDH1, α SMA, SNAIL1 in DC, FFA, and LPP (scalp samples) unaffected and affected. 
(a) The CDH1 expression upregulated FFA and LPP (*p < 0.05, **p < 0.01) compared with the unaffected tissue. (b) (c) 
The gene expression of SNAIL 1 (*p < 0.05, **p < 0.01) upregulated in the three PCA scalp samples (DC, FFA, and LPP) 
compared with the unaffected.  (d) Immunohistochemical localization of αSMA, SNAIL1, and CDH1 to the human scalp 
samples of PCA affected (CCCA, FFA, LPP, Neutrophilic) and unaffected (Control sample). 



Inhibition of Cholesterol Biosynthesis Modulates Epithelial-Mesenchymal...

Vol 27 (1) | March 2023 | http://www.informaticsjournals.com/index.php/jer/index    J Endocrinol Reprod.46

3.2  Cholesterol Precursors and Inhibitors 
Modulate EMT Marker Genes In Vitro 
and In Vivo

EMT markers were upregulated in affected PCA scalp 
samples. Therefore, we tried to identify the effect of 
inhibitory cholesterol biosynthesis and the intermediates 
on EMT markers. We analyzed the gene expressions 
after treating with 7DHC and BM15766 (Figures 2(a-

c)). HHFORS was selected for the in vitro treatment. 
Both 7DHC- and BM15677-treated HHFORS showed 
significant activation of αSMA, SNAIL1, and CDH1, 
compared with the untreated sample. These data revealed 
that the accumulation of cholesterol precursors or 
inhibiting endogenous cholesterol biosynthesis induces 
EMT. 

 To reemphasize the in vitro data, we performed in vivo 
analysis in mice. For this, mice were treated with 7DHC 
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real-time PCR validation of. (a) α SMA. (b) SNAIL1. (c) CDH1 gene expression in 7-DHC and BM15766- 
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upregulation of CDH1 and SNAIL1. The effect of BM15766. (e) On EMT markers in mice. Compared 
with the vehicle (DMSO) control, the treated samples show significant upregulation of αSMA, CDH1, and 
SNAIL1.
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and BM15766 (Figures 2(d)-2(e)). The research revealed 
the physiological significance of reduced cholesterol 
production during EMT activation. 

3.3  EMT Modulated by PPARγ, AhR, and 
AGTR Agonist and Antagonist 

The prevalence of decreased cholesterol biosynthetic 
pathway and immune responses in the scalp samples of PCA 
is a recently described entity. The loss of PPARγ can cause 

a pro-inflammatory response in PCA1–4. To elucidate the 
mechanism behind the EMT modulation via PPARγ and 
AhR, we treated Pioglitazone (PPARγ agonist), GW9662 
(PPARγ antagonist), 2, 3, 7, 8 -Tetrachlorodibenzo-p-
dioxin (TCDD, Ahr Agonist) and Resveratrol (a natural 
AhR antagonist) on HHFORS. Real-time PCR confirmed 
that the EMT marker genes (Figures 3(a)-3(c)) αSMA, 
SNAIL1, and CDH1 substantially downregulated their 
expressions on treatment with pioglitazone. These results 
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Figure 3. (a-f) PPARγ, AhR, and AGTR modulate EMT-associated markers in HHORS. HHFORS treated 
with Pioglitazone, (Pioglitazone and GW9662), and TCDD, (TCDD and Resveratrol). Real-time PCR shows 
the EMT marker genes α SMA. (a) CDH1. (b) SNAIL1. (c) On treatment with these drugs. (d) CDH1. (e) 
SNAIL1. (f) Expressions on treatment with these drugs. EMT marker genes are upregulated on treatment with 
(Pioglitazone and GW9662) and Angiotensin II compared with the control. 
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suggest that the activated PPARγ can downregulate 
the EMT, which helps to reduce the pro-inflammatory 
responses and fibrosis in PCA. While in combination 
with GW9662 (PPARγ antagonist), the expressions 
of EMT markers got amplified. It confirmed that the 
upregulated PPARγ could reduce the EMT-related clinical 
implications in PCA. Here the TCDD has a high affinity 
to AhR and hindered PPARγ. On treatment with TCDD, 
the EMT markers got amplified. In contrast, TCDD with 
Resveratrol deregulates them. So, the downregulated AhR 
and increased PPARγ activity can modulate EMT.  

After treating HHFOS cells with Angiotensin II and 
losartan, we investigated the relationship between EMT 
and PCA pathogenesis (Figures 3(d)-3(f)). We added 
GW9662, Pioglitazone, and Angiotensin II, but the 
gene expressions did not change noticeably. According 
to this finding, the EMT is favoured by the enhanced 
AGTR activity. As a result, for regulating EMT PCA, 
we combined, as a cocktail, GW9662, Pioglitazone, and 
Losartan (a blocker of AGTR). Here, the expression 
of EMT markers was dramatically downregulated. 
Therefore, it is evident that AGTR can modulate EMT in 
hair loss conditions.

We treated Angiotensin II and its antagonist 
(Losartan) separately to identify the independent action 
of agonist and antagonist. Treatment of Angiotensin II 
alone showed activation of gene expressions, while the 
antagonist significantly downregulated the functions of 
αSMA and CDH1 and SNAIL1.

3.4  Small Interfering RNAs of TGF β and 
AGTR1 Modulate EMT 

To check the functional analysis of EMT regulation in 
PCA through AGTR and TGFβ, we used small interfering 
RNAs (siRNAs). Here, the gene expressions of TGFβ and 
AGTR1 were inhibited, thereby reducing inflammatory 
responses (Figures 4(a)-4(c)). With increasing 
concentrations of TGFβ siRNA (20 nM, 30 nM, 40 nM, 
50 nM), the expression of αSMA, SNAIL1, and CDH1 
was inhibited. In AGTR1, we utilised two distinct siRNA 
clones. AGTR1-siRNA1 treated samples demonstrated 
concentration-dependent downregulation of SNAIL1 
and αSMA expression, whereas the second (AGTR1- 
siRNA2) had variable effects. The results confirmed 
that TGFβ and AGTR siRNA inhibits the expression 
of EMT markers in HHFOR. TGFβ and AGTR1 play 
an essential role in PCA inflammatory responses and  
pathogenesis. 

4. Discussion
Usually, PCAs are a challenge to treat and are associated 
with painful scalp symptoms and marked psychological 
impact. Here we present the PCA that shares the 
phenomenon of HF depletion and EMT. A more 
systematic study of the regulatory factors of PCA helps 
to determine the clinical manifestations and future 
therapeutic targets. The previous research suggests that the 
affected HF of LPP/FFA shows progressive perifollicular 
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fibrosis leading to the replacement of HF with fibrous 
tissue. The explanation for fibrosis is EMT. The FFA 
lesions positive for the SNAIL1–EMT marker and the HF 
of LPP show upregulated gene and protein expressions 
of mesenchymal markers42. Thus, our data clearly show 
that HFs affected by DC, FFA, and LPP, undergo EMT, 
which actively bestows extensive scars in PCAs. The EMT 
marker genes are significantly upregulated here. The 
immunohistochemical findings of protein expressions 
(CDH1,  αSMA, and SNAIL1) align with the recent report 
on reducing or losing terminal hair follicles by fibrosis in 
FFA24. Therefore, future PCA therapies should effectively 
manage EMT progression in hair follicles. Thus, it is 
tenable that EMT modulatory therapies are applicable in 
PCAs with extensive scars. Recent findings proposed that 
Lymphocytic (LPP) and mixed (Acne Keloidalis Nuchae) 

diseased types of PCA show EMT at the bulge region. This 
leads to the loss of the HFSC population, and a cluster of 
fibroblast cells contributes to follicular fibrosis13,43.

Compared to normal skin, the LPP-affected skin shows 
a downregulated expression of PPARγ43, and the PPARγ 
agonist was recommended as a treatment for LPP44. Karnik 
and colleagues pioneered the concept of inhibition of fatty 
acid metabolism, peroxisome and cholesterol biogenesis 
in PCA3. Next, we examined the role of this inhibited 
cholesterol biosynthetic pathway in EMT modulation. To 
explore this more holistically, we treated the HHFORS 
with 7DHC and BM15766. The real-time PCR validation 
identifies the significantly inflated activation of EMT 
markers compared with the control. Panicker, et al., also 
confirmed the role of altered cholesterol biosynthetic 
pathways in early PCA pathogenesis. The PCA-affected 
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Figure 4. (a-e). EMT marker genes modulated by TGFβ and AGTR1. Small interfering RNAs(siRNAs) of TGFβ treated 
with HHFORS (*p<0.05, **p<0.01). The real-time PCR validation of. (a) αSMA. (b) SNAIL1. (c) CDH1 on treatment with 
TGFβsiRNA. Two different clones of siRNA AGTR1 (AGTR 1- siRNA1 and AGTR 1- siRNA 2) were used for the EMT 
marker gene. (d) SNAIL 1. (e) αSMA expression analysis. 
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scalp samples show significant downregulation of EBP and 
DHCR7. The results suggest that cholesterol biosynthesis 
is significantly downregulated in PCA. The microarray 
data of BM15766 or 7DHC-treated HHFORS showed 
significant activation of the expression of inflammatory 
genes. In addition, several pathways, like immune 
cell trafficking, inflammatory and humoral immune 
response, and cell-mediated immune responses were 
affected2. In our results, the 7DHC- and BM15766-treated 
samples show activated EMT markers, so inhibitory 
cholesterol biosynthesis might contribute to the fibrotic 
gene expressions in PCA pathogenesis. We confirmed 
the vital role of altered cholesterol biosynthesis and the 
accumulation of sterol intermediates in EMT. Here the 
EMT marker genes are significantly upregulated with the 
hindered cholesterol biosynthesis.

Next, we explored the possibility of reducing 
experimentally induced EMT using a cocktail of 
compounds with a regulatory role in PPARγ, AhR, and 
AGTR. The choice of treatment in PCAs is based on 
the severity of symptoms, progression of hair loss, and 
clinical activity10,45. A previous clinical study recommends 
oral administration of PPARγ agonist, Pioglitazone 
(15mg/day), for LPP patients. The patients tolerated the 
medication without scalp itching during the first month 
of treatment44. Therefore, we re-examined by treating the 
HHFORS with Pioglitazone. The investigated effect of 
Pioglitazone in our study could reverse the EMT markers. 
Antecedent studies suggest that the Pioglitazone dose 
could not change the EMT while treating the drug 72 h 
after EMT induction13. Clinical trials of 22 LPP patients 
with Pioglitazone effectively reduced disease progression 
and inflammation21. One retroactive cohort study on 
Pioglitazone showed equilibration of hair loss and mild 
hair regrowth in 75% of treated patients46. Our findings 
the Pioglitazone’s inhibitory effect in tissue fibrosis47. We 
tried to block the effect of this knowledge by treating it 
with GW9662 (PPARγ antagonist). The co-treatment with 
the PPARγ antagonist elevated the gene expression. We 
show that CDH1, αSMA, and SNAIL1 are upregulated, 
while PPARγ is abrogated.

Adding further support for the modulation of EMT 
using AhR modification, we treated with dioxin called 
TCDD. TCDD is the most widely accepted ligand of AhR 
(a cytosolic receptor)48. The physiologically activated 
AhR was used to check out the EMT modulation. The 

results showed that the gene expressions are significantly 
upregulated. The activity of AhR promotes and also 
inhibits the EMT based on the cell type and the system22. 
As expected, however, the AhR modulates the EMT, and 
a balance of factors is at play. Former studies put forward 
that the TCDD impedes the PPARγ mRNA synthesis35. 
In a mouse model, the AhR agonist inhibited the TGFβ 
induced EMT49. Other data suggest that TCDD-activated 
AhR can cause pathological dysregulation in keratinocyte 
differentiation50. In contrast, recent studies emphasize the 
favourable impacts of AhR activation in skin and tissues 
as a therapeutic target51,52.

Then, we went on to the treatment of TCDD in 
conjunction with Resveratrol, a therapeutic antagonist of 
AhR. The information available is that they can affect lipid 
metabolism36. We investigated all potential mechanisms 
for modulating EMT by experimentally inducing AhR with 
its antagonist. The results demonstrate the deregulation of 
EMT marker genes and the function of PPARγ and AhR 
in EMT modulation. As a result, we hypothesise that the 
EMT in alopecia can be manipulated to incorporate these 
elements into its therapeutic strategies. 

The results further encourage the exploration of 
AGTR activators and suppressors as complementary 
therapeutics in PCA. We search for the suspected role 
of AGTR in EMT modulation. Previous investigations 
on local fibrosis in renal interstitial fibrosis show that 
Angiotensin II contributes to EMT37. The Renin-
Angiotensin-Aldosterone System (RAAS) interacts 
with the pro-fibrotic pathway (TGFβ) in the fibrosis of 
many cells and tissues53. Here also we used a cocktail 
of compounds for the treatment. The combination of 
Pioglitazone, GW9662, and Angiotensin II showed 
no substantial decrease in EMT gene activity, while 
in combination with Losartan, the genes significantly 
reduced expression. The renal cell studies delineate 
Losartan’s role in reducing renal hypertrophy, EMT, and 
renal fibrosis40. The functional activity of this cocktail 
(Pioglitazone, GW9662, and Losartan) prompted us 
to examine the effect of Angiotensin II and Losartan, 
individually. Losartan proved to be a potent inhibitor of 
EMT markers via AhR inactivity, while in Angiotensin 
II, the EMT becomes highly expressed. The reason for 
the hyperactivity might be the activated AGTR. Some 
clinical investigations show that Angiotensin-Converting 
Enzyme (ACE) was significantly elevated in alopecia 
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areata patients. This elevated serum ACE activity in this 
study may show that the RAAS is involved locally in 
the aetiology of AA54. These results suggest that active 
manipulation of PPARγ, AhR, and AGTR can modulate 
the EMT in PCA.

Existing literature suggests modulation of the EMT by 
regulating the TGFβ43 and AGTR. Finally, we understand 
that the siRNAs of TGFβ and AGTR1 could inhibit EMT. 
In both cases, a concentration-dependent reduction in 
the EMT marker genes was observed. In clinical research 
studies, TGFβ plays a pivotal role in cancer-associated 
fibrosis and acts as a potent inducer of EMT55.

In conclusion, our study shows that EMT signature can 
be experimentally induced and therapeutically modulated 
in PCAs. Cholesterol plays a vital role in EMT modulation 
because the inhibitory cholesterol biosynthetic pathway 
and sterol intermediate accumulation (7DHC and 
BM15766) activated the EMT markers in vivo and in 
vitro. Therefore, the cholesterol biosynthesis activation 
and relevance of various molecules such as PPARγ, 
Resveratrol, Losartan, AGTR, and TGFβ siRNA 
effectively downregulate the expression of these fibrotic 
genes. Thus, we can control the clinical complications 
due to EMT in PCA. The inflammatory genes can also 
regulate the EMT signature. In our results, the siRNA-
based inhibition of TGFβ and AGTR downregulates the 
EMT marker gene expressions. Therefore, PPARγ agonist, 
Resveratrol, and Losartan play a pivotal role in EMT via 
PPARγ, AhR, and AGTR. Our results are well appropriate 
for a screening strategy to determine the candidate drug 
that may therapeutically counteract EMT. Apposite 
functional regulation of EMT and fibrotic genes in PCA 
pathogenesis can act as an anti-fibrotic therapy. A deeper 
understanding of the cross-talk between PPARγ, AhR 
and the nexus of TGFβ, and AGTR1 in PCA represents 
an opportunity for a broadly effective treatment  
strategy.

5. Acknowledgments
We thank all of the volunteers who have participated 
in this study. We also thank the Kerala Biotechnology 
Commission, YIPB program, KSCSTE; HRD scheme, 
Department of Health Research-Start up Grant, Govt. of 
India, and the University of Kerala. 

6. References
1. Harries MJ, Paus R. The pathogenesis of primary cica-

tricial alopecias. The American Journal of Pathology. 
2010; 177(5):2152-62. https://doi.org/10.2353/
ajpath.2010.100454 PMid: 20889564 PMCid: 
PMC2966773

2. Panicker SP, Ganguly T, Consolo M,, et al. Sterol 
intermediates of cholesterol biosynthesis inhibit hair 
growth and trigger an innate immune response in cica-
tricial alopecia. PLoS One. 2012; 7(6):e38449. https://
doi.org/10.1371/journal.pone.0038449 PMid:22685570 
PMCid: PMC3369908

3. Karnik P, Tekeste Z, McCormick TS,, et al. Hair fol-
licle stem cell-specific PPARγ deletion causes scarring 
alopecia. Journal of Investigative Dermatology. 2009; 
129(5):1243-57. https://doi.org/10.1038/jid.2008.369 
PMid:19052558 PMCid:PMC3130601

4. Harries MJ, Trueb RM, Tosti A,, et al. How not to get scar 
(r) ed: pointers to the correct diagnosis in patients with 
suspected primary cicatricial alopecia. British Journal 
of Dermatology. 2009; 160(3):482-501. https://doi.
org/10.1111/j.1365-2133.2008.09008.x PMid:19183169 

5. Chen X, Liu B, Li Y,, et al. Dihydrotestosterone 
regulates hair growth through the Wnt/β-catenin 
pathway in C57BL/6 mice and in vitro organ culture. 
Frontiers in Pharmacology. 2020; 10:1528. https://doi.
org/10.3389/fphar.2019.01528 PMid:32038233 PMCid: 
PMC6989660

6. Tavakolpour S, Mahmoudi H, Abedini R,, et al. Frontal 
fibrosing alopecia: An update on the hypothesis of 
pathogenesis and treatment. International Journal 
of Women’s Dermatology. 2019; 5(2):116-23. https://
doi.org/10.1016/j.ijwd.2018.11.003 PMid:30997385 
PMCid:PMC6451751

7. Mirmirani P, Karnik P. Lichen planopilaris treated with 
a peroxisome proliferator-activated receptor γ ago-
nist. Archives of Dermatology. 2009; 145(12):1363-6. 
https://doi.org/10.1001/archdermatol.2009.283 PMid: 
20026843 PMCid:PMC2937154

8. Schaffrin-Nabe D, Schmitz I, Josten-Nabe A,, et al. 
The influence of various parameters on the suc-
cess of sensor-controlled scalp cooling in preventing 
chemotherapy-induced alopecia. Oncology Research 
and Treatment. 2015; 38(10):489-95. https://doi.
org/10.1159/000440636 PMid:26451590 

9. Harries MJ, Sinclair RD, Macdonald‐Hull S,, et al. 
Management of primary cicatricial alopecias: options 

https://doi.org/10.2353/ajpath.2010.100454
https://doi.org/10.2353/ajpath.2010.100454
https://doi.org/10.1371/journal.pone.0038449
https://doi.org/10.1371/journal.pone.0038449
https://doi.org/10.1038/jid.2008.369
https://doi.org/10.1111/j.1365-2133.2008.09008.x
https://doi.org/10.1111/j.1365-2133.2008.09008.x
https://doi.org/10.3389/fphar.2019.01528
https://doi.org/10.3389/fphar.2019.01528
https://doi.org/10.1016/j.ijwd.2018.11.003
https://doi.org/10.1016/j.ijwd.2018.11.003
https://doi.org/10.1001/archdermatol.2009.283
https://doi.org/10.1159/000440636
https://doi.org/10.1159/000440636


Inhibition of Cholesterol Biosynthesis Modulates Epithelial-Mesenchymal...

Vol 27 (1) | March 2023 | http://www.informaticsjournals.com/index.php/jer/index    J Endocrinol Reprod.52

for treatment. British Journal of Dermatology. 
2008; 159(1):1-22. https://doi.org/10.1111/j.1365-
2133.2008.08591.x PMid: 18489608 

10. Mirmirani P, Willey A, Headington JT,, et al. Primary 
cicatricial alopecia: histopathologic findings do not 
distinguish clinical variants. Journal of the American 
Academy of Dermatology. 2005; 52(4):637-43. https://
doi.org/10.1016/j.jaad.2004.07.069 PMid:15793514 

11. MacDonald A, Clark C, Holmes S. Frontal fibrosing 
alopecia: a review of 60 cases. Journal of the American 
Academy of Dermatology. 2012; 67(5):955-61. https://
doi.org/10.1016/j.jaad.2011.12.038 PMid:22503342 

12. Najeeb SH, Binumon TM, Surya S, Nikhila L, Sreejith 
PP. Cholesterolgenic Inhibition causes perma-
nent hair follicle damage by activating fibrosis via 
the angiotensin receptor. Journal of Endocrinology 
and Reproduction. 2022; 26(3):187-204. https://doi.
org/10.25303/2604rjce1116

13. Imanishi H, Ansell DM, Chéret J,, et al. Epithelial-
to-mesenchymal stem cell transition in a human 
organ: lessons from lichen planopilaris. Journal of 
Investigative Dermatology. 2018; 138(3):511-9. https://
doi.org/10.1016/j.jid.2017.09.047 PMid:29106928 

14. Hibino T, Nishiyama T. Role of TGF-β2 in the 
human hair cycle. Journal of Dermatological Science. 
2004; 35(1):9-18. https://doi.org/10.1016/j.jderm-
sci.2003.12.003 PMid: 15194142 

15. Karnik P, Tekeste Z, McCormick TS,, et al. Hair fol-
licle stem cell-specific PPARγ deletion causes scarring 
alopecia. Journal of Investigative Dermatology. 2009; 
129(5):1243-57. https://doi.org/10.1038/jid.2008.369 
PMid:19052558 PMCid:PMC3130601

16. Aoki Y, Maeno T, Aoyagi K,, et al. Pioglitazone, a per-
oxisome proliferator-activated receptor gamma ligand, 
suppresses bleomycin-induced acute lung injury and 
fibrosis. Respiration. 2009; 77(3):311-9. https://doi.
org/10.1159/000168676 PMid:18974632 

17. Ramot Y, Mastrofrancesco A, Camera E,, et al. The 
role of PPAR γ‐mediated signalling in skin biology 
and pathology: New targets and opportunities for 
clinical dermatology. Experimental Dermatology. 
2015; 24(4):245-51. https://doi.org/10.1111/exd.12647 
PMid:25644500 

18. Henson P. Suppression of macrophage inflammatory 
responses by PPARs. Proceedings of the National 
Academy of Sciences. 2003; 100(11):6295-6. https://doi.
org/10.1073/pnas.1232410100 PMid:12756292 PMCid: 
PMC164439

19. Marx N, Kehrle B, Kohlhammer K,, et al. PPAR acti-
vators as antiinflammatory mediators in human 
T lymphocytes: implications for atherosclero-
sis and transplantation-associated arteriosclerosis. 
Circulation Research. 2002; 90(6):703-10. https://doi.
org/10.1161/01.RES.0000014225.20727.8F PMid: 
11934839 PMCid:PMC4231718

20. Sugiyama H, Nonaka T, Kishimoto T,, et al. 
Peroxisome proliferator‐activated receptors are 
expressed in human cultured mast cells: A pos-
sible role of these receptors in negative regulation 
of mast cell activation. European Journal of 
Immunology. 2000; 30(12):3363-70. https://doi.
org/10.1002/1521-4141(2000012)30:12<3363::AID-
IMMU3363>3.0.CO;2-B PMid:11093153 

21. Gamret AC, Potluri VS, Krishnamurthy K, Fertig 
RM. Frontal fibrosing alopecia: Efficacy of treatment 
modalities. International Journal of Women’s Health. 
2019; 11:273. https://doi.org/10.2147/IJWH.S177308 
PMid:31118828 PMCid:PMC6500869

22. Noakes R. Frontal fibrosing alopecia. An example of 
disrupted aryl hydrocarbon receptor-mediated immu-
nological homeostasis in the skin? Clinical, Cosmetic 
and Investigational Dermatology. 2020; 13:479. https://
doi.org/10.2147/CCID.S262803 PMid:32801823 PMCid: 
PMC7399449

23. Bonefeld-Jørgensen EC, Long M, Hofmeister MV, 
Vinggaard AM. Endocrine-disrupting potential of 
bisphenol A, bisphenol A dimethacrylate, 4-n-nonyl-
phenol, and 4-n-octylphenol in vitro: New data and a 
brief review. Environmental Health Perspectives. 2007; 
115(Suppl 1):69-76. https://doi.org/10.1289/ehp.9368 
PMid:18174953 PMCid:PMC2174402

24. Nakamura M, Tokura Y. Epithelial-mesenchymal tran-
sition in the skin. Journal of Dermatological Science. 
2011; 61(1):7-13. https://doi.org/10.1016/j.jderm-
sci.2010.11.015  PMid:21167690 

25. Nakamura M, Tokura Y. Expression of Snail1 in the 
fibrotic dermis of postmenopausal frontal fibrosing 
alopecia: Possible involvement of an epithelial-mesen-
chymal transition and a review of the Japanese patients. 
British Journal of Dermatology. 2010; 162(5):1152-
4. https://doi.org/10.1111/j.1365-2133.2010.09682.x 
PMid:20132204 

26. Lamouille S, Xu J, Derynck R. Molecular mechanisms 
of epithelial-mesenchymal transition. Nature Reviews 
Molecular Cell Biology. 2014; 15:178-96. https://

https://doi.org/10.1111/j.1365-2133.2008.08591.x
https://doi.org/10.1111/j.1365-2133.2008.08591.x
https://doi.org/10.1016/j.jaad.2004.07.069
https://doi.org/10.1016/j.jaad.2004.07.069
https://doi.org/10.1016/j.jaad.2011.12.038
https://doi.org/10.1016/j.jaad.2011.12.038
https://doi.org/10.25303/2604rjce1116
https://doi.org/10.25303/2604rjce1116
https://doi.org/10.1016/j.jid.2017.09.047
https://doi.org/10.1016/j.jid.2017.09.047
https://doi.org/10.1016/j.jdermsci.2003.12.003
https://doi.org/10.1016/j.jdermsci.2003.12.003
https://doi.org/10.1038/jid.2008.369
https://doi.org/10.1159/000168676
https://doi.org/10.1159/000168676
https://doi.org/10.1111/exd.12647
https://doi.org/10.1073/pnas.1232410100
https://doi.org/10.1073/pnas.1232410100
https://doi.org/10.1161/01.RES.0000014225.20727.8F
https://doi.org/10.1161/01.RES.0000014225.20727.8F
https://doi.org/10.1002/1521-4141(2000012)30:12%3c3363::AID-IMMU3363%3e3.0.CO;2-B
https://doi.org/10.1002/1521-4141(2000012)30:12%3c3363::AID-IMMU3363%3e3.0.CO;2-B
https://doi.org/10.1002/1521-4141(2000012)30:12%3c3363::AID-IMMU3363%3e3.0.CO;2-B
https://doi.org/10.2147/IJWH.S177308
https://doi.org/10.2147/CCID.S262803
https://doi.org/10.2147/CCID.S262803
https://doi.org/10.1289/ehp.9368
https://doi.org/10.1016/j.jdermsci.2010.11.015
https://doi.org/10.1016/j.jdermsci.2010.11.015
https://doi.org/10.1111/j.1365-2133.2010.09682.x
https://doi.org/10.1038/nrm3758


Leemon Nikhila et.al.,

Vol 27 (1) | March 2023 | http://www.informaticsjournals.com/index.php/jer/index    J Endocrinol Reprod. 53

doi.org/10.1038/nrm3758 PMid:24556840 PMCid: 
PMC4240281

27. Skrypek N, Goossens S, De Smedt E,, et al. 
Epithelial-to-mesenchymal transition: Epigenetic 
reprogramming driving cellular plasticity. Trends 
in Genetics. 2017; 33(12):943-59. https://doi.
org/10.1016/j.tig.2017.08.004 PMid:28919019 

28. Singh M, Yelle N, Venugopal C, Singh SK. EMT: 
Mechanisms and therapeutic implications. 
Pharmacology and Therapeutics. 2018; 182:80-94. 
https://doi.org/10.1016/j.pharmthera.2017.08.009 PMid: 
28834698 

29. Scanlon CS, Van Tubergen EA, Inglehart RC, D’silva 
NJ. Biomarkers of epithelial-mesenchymal tran-
sition in squamous cell carcinoma. Journal of 
Dental Research. 2013; 92(2):114-21. https://doi.
org/10.1177/0022034512467352 PMid:23128109 
PMCid:PMC3545688

30. Jamora C, Lee P, Kocieniewski P,, et al. A signaling 
pathway involving TGF-β2 and snail in hair follicle 
morphogenesis. PLoSBiology. 2005; 3(1):e11. https://
doi.org/10.1371/journal.pbio.0030011 PMid:15630473 
PMCid:PMC539061

31. Franci C, Takkunen M, Dave N,, et al. Expression of 
Snail protein in tumor-stroma interface. Oncogene. 
2006; 25(37):5134-44. https://doi.org/10.1038/
sj.onc.1209519 PMid:16568079 

32. Levy V, Lindon C, Zheng Y,, et al. Epidermal stem cells 
arise from the hair follicle after wounding. The FASEB 
Journal. 2007; 21(7):1358-66. https://doi.org/10.1096/
fj.06-6926com PMid:17255473 

33. Yang H, Adam RC, Ge Y,, et al. Epithelial-mesenchymal 
micro-niches govern stem cell lineage choices. 
Cell. 2017; 169(3):483-96. https://doi.org/10.1016/j.
cell.2017.03.038 PMid:28413068 PMCid:PMC5510744

34. Veraitch O, Kobayashi T, Imaizumi Y,, et al. Human 
induced pluripotent stem cell-derived ectodermal pre-
cursor cells contribute to hair follicle morphogenesis 
In Vivo. Journal of Investigative Dermatology. 2013; 
133(6):1479-88. https://doi.org/10.1038/jid.2013.7 
PMid:23321923 

35. Neilson EG. Mechanisms of disease: Fibroblasts- A 
new look at an old problem. Nature Clinical Practice 
Nephrology. 2006; 2(2):101-8. https://doi.org/10.1038/
ncpneph0093 PMid:16932401 

36. Nikitorowicz-Buniak J, Denton CP, Abraham D, 
Stratton R. Partially evoked Epithelial-Mesenchymal 
Transition (EMT) is associated with increased TGFβ 

signaling within lesional scleroderma skin. PloS one. 
2015; 10(7):e0134092. https://doi.org/10.1371/journal.
pone.0134092 PMid:26217927 PMCid:PMC4517793

37. Sonnylal S, Xu S, Jones H,, et al. Connective tissue growth 
factor causes EMT-like cell fate changes in vivo and in 
vitro. Journal of Cell Science. 2013; 126(10):2164-75. 
https://doi.org/10.1242/jcs.111302 PMid:23525012 
PMCid:PMC3672936

38. Yao Y, Li Y, Zeng X,, et al. Losartan alleviates renal fibrosis 
and inhibits Endothelial-To-Mesenchymal Transition 
(EMT) under high-fat diet-induced hyperglycemia. 
Frontiers in Pharmacology. 2018; 9:1213. https://
doi.org/10.3389/fphar.2018.01213 PMid:30420805 
PMCid:PMC6215973

39. Wylie-Sears J, Levine RA, Bischoff J. Losartan inhibits 
endothelial-to-mesenchymal transformation in mitral 
valve endothelial cells by blocking transforming growth 
factor-β-induced phosphorylation of ERK. Biochemical 
and Biophysical Research Communications. 2014; 
446(4):870-5. https://doi.org/10.1016/j.bbrc.2014.03.014 
PMid:24632204 PMCid: PMC4007266

40. deCarvalho LT, Izhakoff N, Meah N, Sinclair R. Alopecia 
areata mimicking frontal fibrosing alopecia. Cureus. 
2021; 13(2):e13361.

41. Bonefeld-Jørgensen EC, Long M, Hofmeister MV, 
Vinggaard AM. Endocrine-disrupting potential of 
bisphenol A, bisphenol A dimethacrylate, 4-n-nonyl-
phenol, and 4-n-octylphenol in vitro: New data and a 
brief review. Environmental Health Perspectives. 2007; 
115(Suppl 1):69-76. https://doi.org/10.1289/ehp.9368 
PMid:18174953 PMCid:PMC2174402

42. Yan L, Cao R, Wang L,, et al. Epithelial-mesenchymal 
transition in keloid tissues and TGF‐β1-induced hair 
follicle outer root sheath keratinocytes. Wound Repair 
and Regeneration. 2015; 23(4):601-10. https://doi.
org/10.1111/wrr.12320 PMid:26036684 

43. Mirmirani P, Karnik P. Lichen planopilaris treated 
with a peroxisome proliferator-activated receptor γ 
agonist. Archives of Dermatology. 2009; 145(12):1363-
6. https://doi.org/10.1001/archdermatol.2009.283 
PMid:20026843 PMCid:PMC2937154

44. Harries MJ, Jimenez F, Izeta A,, et al. Lichen pla-
nopilaris and frontal fibrosing alopecia as model 
epithelial stem cell diseases. Trends in molecular 
Medicine. 2018; 24(5):435-48. https://doi.org/10.1016/j.
molmed.2018.03.007 PMid: 29661566 

45. Price VH. The medical treatment of cicatricial alopecia. 
In: Seminars in Cutaneous Medicine and Surgery. 2006; 

https://doi.org/10.1038/nrm3758
https://doi.org/10.1016/j.tig.2017.08.004
https://doi.org/10.1016/j.tig.2017.08.004
https://doi.org/10.1016/j.pharmthera.2017.08.009
https://doi.org/10.1177/0022034512467352
https://doi.org/10.1177/0022034512467352
https://doi.org/10.1371/journal.pbio.0030011
https://doi.org/10.1371/journal.pbio.0030011
https://doi.org/10.1038/sj.onc.1209519
https://doi.org/10.1038/sj.onc.1209519
https://doi.org/10.1096/fj.06-6926com
https://doi.org/10.1096/fj.06-6926com
https://doi.org/10.1016/j.cell.2017.03.038
https://doi.org/10.1016/j.cell.2017.03.038
https://doi.org/10.1038/jid.2013.7
https://doi.org/10.1038/ncpneph0093
https://doi.org/10.1038/ncpneph0093
https://doi.org/10.1371/journal.pone.0134092
https://doi.org/10.1371/journal.pone.0134092
https://doi.org/10.1242/jcs.111302
https://doi.org/10.3389/fphar.2018.01213
https://doi.org/10.3389/fphar.2018.01213
https://doi.org/10.1016/j.bbrc.2014.03.014
https://doi.org/10.1289/ehp.9368
https://doi.org/10.1111/wrr.12320
https://doi.org/10.1111/wrr.12320
https://doi.org/10.1001/archdermatol.2009.283
https://doi.org/10.1016/j.molmed.2018.03.007
https://doi.org/10.1016/j.molmed.2018.03.007


Inhibition of Cholesterol Biosynthesis Modulates Epithelial-Mesenchymal...

Vol 27 (1) | March 2023 | http://www.informaticsjournals.com/index.php/jer/index    J Endocrinol Reprod.54

25(1):56-59. https://doi.org/10.1016/j.sder.2006.01.008 
PMid:16616304 

46. Mesinkovska NA, Tellez A, Dawes D,, et al. The use of 
oral pioglitazone in the treatment of lichen planopilaris. 
Journal of the American Academy of Dermatology. 2015; 
72(2):355-6. https://doi.org/10.1016/j.jaad.2014.10.036 
PMid: 25592345 

47. Ramot Y, Mastrofrancesco A, Camera E,, et al. The 
role of PPAR γ‐mediated signalling in skin biology 
and pathology: new targets and opportunities for 
clinical dermatology. Experimental Dermatology. 
2015; 24(4):245-51. https://doi.org/10.1111/exd.12647 
PMid:25644500 

48. Rannug A, Rannug U, Rosenkranz HS,, et al. Certain 
photooxidized derivatives of tryptophan bind with 
very high affinity to the Ah receptor and are likely to 
be endogenous signal substances. Journal of Biological 
Chemistry. 1987; 262(32):15422-7. https://doi.
org/10.1016/S0021-9258(18)47743-5 PMid:2824460 

49. Rico-Leo EM, Alvarez-Barrientos A, Fernandez-
Salguero PM. Dioxin receptor expression inhibits 
basal and transforming growth factor β-induced epi-
thelial-to-mesenchymal transition. Journal of 
Biological Chemistry. 2013; 288(11):7841-56. https://
doi.org/10.1074/jbc.M112.425009 PMid:23382382 
PMCid:PMC3597822

50. Van Den Bogaard EH, Podolsky MA, Smits JP,, et al. 
Genetic and pharmacological analysis identifies a 
physiological role for the AHR in epidermal differen-
tiation. Journal of Investigative Dermatology. 2015; 

135(5):1320-8. https://doi.org/10.1038/jid.2015.6 PMid: 
25602157 PMCid:PMC4402116

51. Cai Y, Shen X, Ding C,, et al. Pivotal role of 
dermal IL-17-producing γδ T cells in skin inflam-
mation. Immunity. 2011; 35(4):596-610. https://doi.
org/10.1016/j.immuni.2011.10.006 PMid:21982596 
PMCid:PMC3205267

52. Qiu J, Heller JJ, Guo X,, et al. The aryl hydrocarbon 
receptor regulates gut immunity through modulation 
of innate lymphoid cells. Immunity. 2012; 36(1):92-
104. https://doi.org/10.1016/j.immuni.2011.11.011 
PMid:22177117 PMCid:PMC3268875

53. AlQudah M, Hale TM., Czubryt MP. Targeting the 
renin-angiotensin-aldosterone system in fibro-
sis. Matrix Biology. 2020; 91:92-108. https://doi.
org/10.1016/j.matbio.2020.04.005 PMid:32422329 
PMCid:PMC7434656

54. Pallasch FB, Schumacher U. Angiotensin inhibi-
tion, TGF-β and EMT in cancer. Cancers. 2020; 
12(10):2785. https://doi.org/10.3390/cancers12102785 
PMid:32998363 PMCid:PMC7601465

55. Chen J, Chen JK, Harris RC. Angiotensin II induces 
epithelial-to-mesenchymal transition in renal epithelial 
cells through reactive oxygen species/Src/caveolin-
mediated activation of an epidermal growth factor 
receptor-extracellular signal-regulated kinase signal-
ing pathway. Molecular and Cellular Biology. 2012; 
32(5):981-91. https://doi.org/10.1128/MCB.06410-11 
PMid:22215616 PMCid:PMC3295195

https://doi.org/10.1016/j.sder.2006.01.008
https://doi.org/10.1016/j.jaad.2014.10.036
https://doi.org/10.1111/exd.12647
https://doi.org/10.1016/S0021-9258(18)47743-5
https://doi.org/10.1016/S0021-9258(18)47743-5
https://doi.org/10.1074/jbc.M112.425009
https://doi.org/10.1074/jbc.M112.425009
https://doi.org/10.1038/jid.2015.6
https://doi.org/10.1016/j.immuni.2011.10.006
https://doi.org/10.1016/j.immuni.2011.10.006
https://doi.org/10.1016/j.immuni.2011.11.011
https://doi.org/10.1016/j.matbio.2020.04.005
https://doi.org/10.1016/j.matbio.2020.04.005
https://doi.org/10.3390/cancers12102785
https://doi.org/10.1128/MCB.06410-11

