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Summary

Background—There are regional variations in scalp hair miniaturization seen in androgenetic
alopecia (AGA). Use of topical minoxidil can lead to reversal of miniaturization in the vertex
scalp. However, its effects on other scalp regions are less well studied.

Methods—A placebo controlled double-blinded prospective pilot study of minoxidil topical
foam 5% (MTF) vs placebo was conducted in sixteen healthy men ages 18-49 with Hamilton-
Norwood type 1V-V thinning. The subjects were asked to apply the treatment (active drug or
placebo) to the scalp twice daily for eight weeks. Stereotactic scalp photographs were taken at the
baseline and final visits to monitor global hair growth. Scalp biopsies were done at the leading
edge of hair loss from the frontal and vertex scalp before and after treatment with MTF and
placebo and microarray analysis was done using the Affymetrix GeneChip HG U133 Plus 2.0.

Results—Global stereotactic photographs showed that MTF induced hair growth in both the
frontal and vertex scalp of AGA patients. Regional differences in gene expression profiles were
observed before treatment. However, MTF treatment induced the expression of hair keratin
associated genes and decreased the expression of epidermal differentiation complex (EDC) and
inflammatory genes in both scalp regions.

Conclusions—These data suggest that MTF is effective in the treatment of both the frontal and
vertex scalp of AGA patients.

Introduction

Androgenetic alopecia (AGA), also known as male pattern balding or hereditary thinning, is
the most common type of hair loss. It has been reported that up to 50% of both men and
women will manifest some degree of AGA by age 501. The patterned hair loss in AGA seen
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both in men and women can occur as early as the teens, twenties and thirties. The
pathophysiology of AGA has been extensively studied and well characterized, particularly
in men23. The scalp regions affected by the miniaturization process® in men are the frontal
hairline and the top and vertex scalp, while the temporo-occipital region is largely
unaffected even in men with extensive balding®. These regional variations in patterns of
scalp hair thinning may reflect differences in embryologic scalp patterning®, levels of
hormonal receptors’ or other factors that may influence follicular growth.

Currently there are two medications approved by the US Food and Drug Administration
(FDA) for hair regrowth and reversal of miniaturization in androgenetic alopecia: topical
minoxidil and oral finasteride®:°. The mechanism of action of topical minoxidil on hair
regrowth is not fully understood0. Minoxidil is a potent vasodilator that acts through nitric
oxide pathways and as a potassium channel opener!!, but its hair re-growth properties
appear to be independent of its vasodilation properties. It has been suggested that human
hair follicles contain two forms of ATP-sensitive potassium channels, only one of which is
sensitive to minoxidil1. Since the clinical trials of topical minoxidil in men with AGA
evaluated only hair growth properties of the vertex scalp1213, it is unclear whether topical
minoxidil might be effective in other scalp regions which are also susceptible to hair
miniaturization.

In this study we sought to determine whether scalp biopsies from men with AGA show
variable expression of genes before and after 8 weeks of treatment with minoxidil topical
foam 5% (MTF) vs placebo. Our second aim was to determine whether microarray gene
expression profiles in the frontal scalp would be the same as that seen in the vertex scalp.

Materials and Methods

A placebo controlled double-blinded prospective study was conducted. Institutional review
board (IRB) approval was obtained and subjects were recruited by the Skin Study Center at
Case Western Reserve University (CWRU), Cleveland OH. Sixteen healthy men ages 18-49
with Hamilton-Norwood type 1VV-V thinning were enrolled for this pilot study. The patients
were advised to use Progaine shampoo for all hair cleansing purposes during the study and
apply treatment products according to the instructions provided.

Global hair photographs of AGA patients were taken before and after treatment with
minoxidil to monitor hair growth. Analysis of the photographs taken with a stereotactic
device has emerged as a standard technique for monitoring hair growth and volumel4. At the
baseline visit, stereotactic scalp photographs were taken and scalp biopsies were done at the
leading edge of hair loss from the frontal and vertex scalp. The subjects were instructed to
apply the treatment (active drug or placebo) as per the manufacturer’s instructions “half a
capful of 5% MTF or placebo topically to the affected area two times a day.” Since the onset
of action for 5% Rogaine has been reported to be 8 weeks, we selected this time point to
identify early changes in gene expression profiles after treatment with 5% MTF (Rogaine
Extra Strength for Men package insert (Pharmacia & Upjohn Consumer Healthcare —US),
Rec 2/98).
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A blinded evaluation of the stereotactic photographs was done to monitor global hair
regrowth on a “yes or no scale” and the subjects were categorized as either responders or
non-responders. For the purpose of this study, a responder was defined as a subject who
showed hair growth based on stereotactic photographs after 8 weeks treatment with 5%
MTF. At the final visit, repeat stereotactic scalp photographs were taken and two scalp
biopsies were done contra-lateral to where the first scalp biopsies were done at visit 0.
Biopsies were obtained with written consent from patients in accordance with ethical
standards of IRB and with the Helsinki Declaration of 1975, as revised in 1983.

Scalp biopsy samples were snap frozen with liquid nitrogen and stored at =80 °C until used.
Once all of the scalp biopsies were completed, the specimens were batch processed. RNA
was extracted using the Qiagen Rneasy Tissue Mini Kit (QIAGEN, Valencia, CA). cDNA
was hybridized to GeneChip HG U133 Plus 2.0 Affymetrix human 3’ array chips using
standard Affymetric protocols (Affymetrix, Santa Clara, CA). The data were analyzed using
Affymetrix Microarray Suite 5.0 (MAS 5.0) algorithms found in their GeneChip Operating
Software (GCOS). The stand alone “detection calls” and comparative “change calls”
resulted from Wilcoxon signed rank statistical tests'®. The differentially expressed genes in
the active and placebo groups before and after treatment were compared using the multi-
group Significance Analysis of Microarray (SAM) approach?® with a false discovery rate
(FDR) of <0.003. The difference between pre- and post-treatment groups was considered
significant for a 2-fold or greater difference in average expression with p<0.05 using a
paired t-test.

Enrollment and Sample Analysis

Sixteen men were enrolled for this pilot study; 10 used MTF and 6 used placebo. Three
patients did not complete the study, this included 2 in the placebo group and one in the
active drug group. RNA was extracted from all 13 patient samples (frontal and vertex,
before and after treatment) and sent for microarray (a total of 52 samples). Of the 52
samples (36 active and 16 placebo), 5 were identified as outliers. Extreme expression values
that lie outside the mean level of variation observed in the study were referred to as outliers.
We used the principal component analysis (PCA) outlier detection method!’ for identifying
outliers in this study. Of the five samples identified as outliers, 3 were from active and 2
from placebo patients. The outliers were eliminated from the data analysis, thus the final
results were based on 33 active and 14 placebo samples. Four of the nine subjects who were
on active drug were determined to be responders based on hair growth observed at 8 weeks
using global stereotactic photographs, and the five others were deemed non-responders. The
four responders had hair growth noted in both the frontal and vertex scalp. Figure 1 shows
stereotactic photographs of a responder at baseline and post-treatment with MTF. Increase in
hair growth and hair volume was seen in both the vertex and frontal scalp suggesting that
MTF induces hair regrowth in both scalp regions.
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Vertex and Frontal Scalp before treatment

A comparison of vertex and frontal scalp before treatment identified 38 differentially
expressed transcripts. As shown in Table 1, thirty three transcripts were down regulated and
included both coding (DUSP1, FOS, FOSB, CYR61, HBB, EGR1, ZFP36, MS4A1, IGLI3,
ATF3, PSG3, EFCAB4B, KRTAP19-1, 19-3 and 8-1) and non-coding RNAs (SNORDs,
SNORASs, RNUs and Vault RNA). The five up regulated genes included MSL3L2, CD209,
MUCY7, SLC6A14 and ANKRD20B.

Pre and Post Treatment with MTF — Vertex

A comparison of vertex scalp biopsy specimens after and before the use of MTF revealed
the following up-regulated genes: keratin associated proteins (KRTAP7-1, KRTAPS-1,
KRTAP19-1, KRTAP13-2, KRTAP19-3, KRTAP19-5) as well as small nucleolar non-
coding RNAs (SNORD116-22, SNORD25, SNORA5, VTRNA1-1) (Table 2). The down-
regulated genes included: the epidermal differentiation complex (EDC) genes including late
cornified envelope precursors (LCE3D, LCE3E, LCE1C, LCE2A, LCE2C, LCE2D), small
proline rich proteins (SPRR2B, SPRR2E, SPRR2G, SPRR2A), S100 protein (S100A7),
loricrin (LOR), fillagrin (FLG2), and cornefelin (CNFN). Inflammatory genes (CCL18,
IL1F7, CD177) were also down regulated. These changes were not seen in the placebo
samples.

Pre and Post Treatment with MTF - Frontal

As seen with vertex scalp, the frontal scalp showed an up regulation of keratin associated
proteins (KRTAP5-9, KRTAP7-1, KRTAP8-1, KRTAP10-5, KRTAP10-7, KRTAP10-11,
KRTAP19-1, KRTAP19-3, KRTAP19-5) after MTF treatment. Intriguingly, the non-coding
RNA, SNORD116-22, was also up regulated in the frontal scalp after MTF treatment.
Similar to the vertex scalp, the EDC genes (LCE2A, LCE2B, LCE2C, LCE3D, S100A7,
SPRR2A) were down regulated (Table 3).

Discussion

Our data showed regional differences in gene expression profiles of vertex and frontal scalp
of AGA patients before treatment with minoxidil indicating baseline molecular variations in
these two scalp regions. Thus, miniaturized hairs from the vertex and frontal scalp of AGA
patients could be considered to bear a distinct molecular signature despite appearing
identical clinically and histologically. Whether this difference is a result of embryologic
patterning of the scalp or variations in extent of hair thinning or both is unclear. Early stress
response genes that participate in cell proliferation and differentiation were significantly
decreased in vertex compared to frontal scalp. Hair keratin associated proteins were also
significantly decreased. These changes likely reflect differences in the extent of hair loss
between the two scalp regions. The other significant changes were in the expression of non-
coding RNAs referred to as small nucleolar RNAs (snoRNAs). SnoRNAs were discovered
as the regulators of ribosomes and the protein synthesis machinery!8.19, Recent studies
suggest that snoRNAs may have additional roles in the alternative splicing of MRNA and as
microRNAs (miRNAs) that regulate gene expression transcriptionally or post-
transcriptionally.2%-21 The significance of our observation that snoRNAs are differentially
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expressed between vertex and frontal, although intriguing, is not immediately clear as we are
not aware of previous reports of snoRNAs affecting follicular physiology. It is tempting to
speculate that snoRNAs play a role in the differential regulation of gene expression in
different regions of the scalp and in hair growth. Indeed, cross-talk between miRNA and
mMRNA gene networks are reported to participate in epidermal differentiation and tissue
remodeling during hair growth?2,

Clinical trials have shown the efficacy of minoxidil in inducing hair growth in the vertex
scalp13. However, the effects of minoxidil on other scalp regions and the mechanisms by
which it induces hair growth are poorly understood. Although, regional differences in gene
expression profiles were observed before treatment, the frontal and vertex scalp regions
responded similarly to minoxidil treatment. This pilot study serves as a primer for future
clinical trials that will have to be conducted to fully evaluate the effects of minoxidil on the
frontal scalp. Genes encoding hair keratin-associated proteins were significantly up
regulated after treatment in both the vertex and frontal scalp. Keratin-associated proteins are
essential for the formation of a rigid and resistant hair shaft through their extensive disulfide
bond cross-linking with abundant cysteine residues of hair keratins?3-26, Thus, it is likely
that minoxidil stimulates hair growth by inducing the expression of keratin associated
proteins. The genes that were down regulated in both the frontal and vertex scalp after
treatment with minoxidil included the epidermal differentiation complex (EDC) and
inflammatory pathways. These pathways may potentially be involved in follicular
miniaturization in AGA. The EDC genes map to chromosome 1g21 and encode the calcium-
binding proteins of the S100 family, the small proline rich proteins (SPRRs) and the late
cornified envelope (LCE) proteins?’-28 that participate in keratinocyte differentiation. EDC
gene expression is regulated by the AP1 family of transcription factors (jun/fos) which are
major regulators of epidermal differentiation2. In addition to EDC genes, a number of
inflammatory genes were also down regulated in both the vertex and frontal scalp of AGA
patients after minoxidil treatment. Previous studies30-32 have implicated micro-inflammation
in the pathogenesis of AGA. More recently, Garza et al®3 have shown a role for
prostaglandin D2 in the pathogenesis of AGA. The mechanism by which minoxidil down
regulates the expression of inflammatory genes is not known. However, the Jun/AP-1
transcription factors regulate inflammation in the skin34 and the decreased expression of
EDC and inflammatory genes may be due to the effects of minoxidil on AP1 transcription
factors.

Our data suggests that despite regional baseline differences in the scalp of AGA patients,
frontal and vertex scalp are responsive to MTF with a molecular pattern that is similar. After
treatment with MTF, both regions of the scalp showed increased production of hair keratin-
associated proteins and decreased keratinization of the epidermis and inflammatory signals
which are known to be altered in AGA. Larger cohort studies are needed to correlate
molecular alterations of the scalp with degree of clinical response to MTF which may
potentially lead to development of response biomarkers. Additionally, further studies are
needed to explain the novel finding of variable expression of non-coding RNAs of the
frontal compared to the vertex scalp and to understand their potential role in follicular

physiology.
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Figure 1.
A) Base-line and B) post-treatment global photographs of the scalp of an AGA patient taken

with a stereotactic device. Hair growth and increase in volume was observed after 8 weeks
of 5% MTF treatment and the patient was deemed a responder.
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