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ABSTRACT 

 
Background 

Tofacitinib is a janus kinase 3 (JAK3) inhibitor that promotes hair growth; however, the 

efficacy and mechanism of this effect are not yet understood.  

Objective 

This study aimed to evaluate the efficacy and mechanism of topical tofacitinib on hair growth 

in mice.  

Methods 

Eight-week-old male C57BL/6 mice were divided equally into four groups and treated topically 

with tofacitinib, minoxidil, or vehicle once daily for 21 days. Weekly photographs were taken 

to determine the area and rate of hair growth, and tissue samples were collected for 

histopathological evaluation. mRNA and protein expression of anagen-maintaining growth 

factors, including vascular endothelial growth factor (VEGF) and insulin-like growth factor-1 

(IGF-1), were determined via RT-PCR and ELISA, respectively. 

Results 

Tofacitinib-treated mice exhibited more hair regrowth than either minoxidil-treated or control 

mice did between days 7 and 21 (P<0.05). Topical tofacitinib also promoted more rapid hair 

growth rate than topical minoxidil or control did (P<0.001). Histopathology showed a distinct 

increase in the number of hair follicles, mostly in the anagen phase, in the tofacitinib-treated 

group. Hair follicles in the minoxidil- and vehicle-treated groups were more often classified as 

catagen and anagen. VEGF mRNA and protein expression in the tofacitinib-treated group was 

significantly greater than those in the other groups (P<0.05). IGF-1 mRNA expression was not 

upregulated in tofacitinib-treated mice. 

Conclusions 

Topical tofacitinib is effective in promoting hair growth, and the possible mechanism involves 

increased VEGF levels and lowered inflammation. This study will help develop a new 

therapeutic option for non-scarring alopecia.  

 

Keywords: JAK3 inhibitor, non-scarring alopecia, hair growth, VEGF, IGF-1 
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บทคัดย่อ 

บทนํา 

ไดมี้การศึกษามาก่อนหนา้น้ีวา่ Tofacitinib ซ่ึงเป็นยาในกลุ่ม Pan-JAK inhibitor สามารถกระตุน้การงอกของ

เส้นผมได ้แต่อยา่งไรก็ตาม กลไกการกระตุน้ผมยงัไม่ทราบเป็นท่ีแน่ชดั 
 
วัตถุประสงค์ 

การศึกษาน้ีเป็นการศึกษาประสิทธิผลของยา Tofacitinib ชนิดทาเทียบกบั Minoxidil ชนิดทาต่อการงอกของ

เส้นขนในสัตวท์ดลอง 

 

วิธีการทดลอง  

ทาํการทดลองในหนูสายพนัธ์ C57BL/6 อาย ุ8 สัปดาห์ โดยแบ่งออกเป็นส่ีกลุ่ม แต่ละกลุ่ม ทายา Tofacitinib, 

Minoxidil, DMSO และ Ethanol เป็นระยะเวลา 21 วนั วดัผลโดยวิธี การถ่ายภาพ เพื่อเปรียบเทียบสัดส่วน

ระหวา่งบริเวณท่ีขนงอกต่อบริเวณท่ีไม่มีขนงอกการตดัช้ินเน้ือ เพื่อดูลกัษณะทางจุลกายวิภาคศาสตร์เน้ือเยือ่ ศึกษา

ลกัษณะเส้นขนท่ีงอกใหม่ ขนาดเส้นผา่นศูนยก์ลางของเส้นขน เส้นเลือดท่ีมาเล้ียง ตลอดจนการอกัเสบของกระเปาะ

รากขน การตรวจวดัปริมาณ VEGF และ IGF-1 protein โดยวิธี ELISA ซ่ึง VEGF และ IGF-1 มีคุณสมบติั

เป็น cell growth factor อนัจะบ่งถึงการงอกของเส้นขน 
 
ผลการศึกษา 

หนูในกลุ่มท่ีทายา Tofacitinib มีการงอกของขนท่ีมากกวา่และรวดเร็วกวา่หนูในกลุ่มอ่ืน ๆ อยา่งมีนยัสาํคญัทาง

สถิต ลกัษณะทางจุลชีววิทยาพบวา่ ในกลุ่มท่ีทายา Tofacitinib มีการเพิ่มขึ้นของกระเปาะรากผม ผมส่วนใหญ่อยู่

ในระยะเจริญเติบโต และเซลลอ์กัเสบต่าง ๆ ลดลง การแสดงออกของ ยนีส์และโปรตีน VEGF ในกลุ่มท่ีทาดว้ยยา 

Tofacitinib สูงกวา่กลุ่มอ่ืนๆ ในขณะท่ี การแสดงออกของยนีส์ IGF-1 มีมากกวา่ในกลุ่มของหนูท่ีทาดว้ยยา 

Minoxidil  
 

การสรุปผล 

ยา Tofacitinib ชนิดทามีประสิทธิภาพท่ีดีในการกระตุน้การงอกของผม โดยกลไกในการกระตุน้ผมนั้น น่าจะมา

จากการกระตุน้ VEGF และการลดการอกัเสบ การศึกษาน้ีช่วยในการพฒันายาตวัใหม่ท่ีใชใ้นการรักษาผมร่วงผม

บางชนิด non-scarring alopecia ในมนุษยต่์อไป 

 

Keywords: JAK3 inhibitor, non-scarring alopecia, hair growth, VEGF, IGF-1 
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REVIEW OF LITERATURE 

 
Janus kinase 3 (JAK3) inhibitors, a new class of immunomodulatory agents, provides 

immunosuppressive, anti-inflammatory, anti-allergic, anti-thrombotic and anti-leukemic 

effects (1). 

Tofacitinib (former CP-690,550), a drug of the janus kinase (JAK) inhibitor class, 

inhibits JAK3 and JAK1 with lesser effects on JAK2 (2)(3). Among JAK inhibitors family, 

tofacitinib has high specificity compared to others. It has crucial role in driving autoimmunity 

on Type I/II cytokines receptors in γc family : IL-2, IL-4, IL-7, IL-9, IL-15 (2)(4), as well as 

cytokines receptors that signal via JAK1. Accordingly, tofacitinib disrupts Th1 and Th2 

differentiation and also impaired inflammatory Th17 cells production(4).  The drug has been 

widely used in clinical trials in many settings of rheumatoid arthritis (2)(5)(6)(7), inflammatory 

bowel disease (8), psoriasis (9), organ transplantation (1)(10) to corneal inflammation and dry 

eyes (11)(12). Subsequently, tofacitinib is approved by Food and Drug Administration (FDA) 

for the treatment of rheumatoid arthritis since 2012 and currently in clinical trials for treatment 

of psoriasis (13), vitiligo (14) and alopecia areata (AA) (15)(16). 

Recently, Xing et al. demonstrated that pharmacological inhibition of the Janus kinase 

signal transducer and activator of transcription (STAT) pathway promotes hair regrowth in AA. 

JAK inhibitors could block IFN-γ, IL-2, and IL-15Rβ prevented the development of AA, 

decreasing the CD8+NKG2D+ T cells accumulation in the skin and the response of dermal IFN 

in AA mice model (15). Accordingly, Harel et al. demonstrated that JAK inhibitors treatment 

resulted in rapid onset of hair growth in mice by the process of activates Wnt and Shh signaling 

pathways (3) which mimics the mechanisms of normal anagen initiation (17)(18). Moreover, 

JAK-STAT inhibition causes hair follicle progenitor cells activate (3) from the evidence that 

hair germ compartment (P-cadherin+) of drug-treated hair follicles was proliferated (19).  And 

also enhanced pathways, such as Rho and integrin signaling, involved in cell motility and 

migration which responsible in the transition between telogen and anagen (3). Furthermore, 

they also examined the effect of JAK inhibition on hair growth in human tissue (grafted human 

fetal scalp skin onto severe combined immunodeficient mice). The results suggested that 

tofacitinib treatment promotes hair elongation rate and enhances effect on inductivity of human 

dermal papilla. These were followed from the process evidence from repressed in receptors 

that involved in the modulation of dermal papilla inductivity, such as fibroblast growth factor 

receptor 1 (FGFR1), activin A receptor like type 1 (ACVRL1), insulin-like growth factor 1 
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receptor (IGFR1), oncostatin M receptor (OSMR) and prostaglandin F receptor (PTGFR) 

(20)(21)(22)(23) collocate with down-regulated of proapoptotic genes included Bcl2-

associated X protein (BAX), Bcl2-like11 (Bcl2L11) and Caspase12 (CASP12). In addition, 

genes up-regulated by tofacitinib treatment involved the members of the transforming growth 

factor–beta (TGF-β) pathway and the bone morphogenetic protein (BMP) pathway, which 

formerly shown to have a critical role in dermal papilla (DP) inductivity (23)(24)(25)(26). 

Besides, lymphoid enhancer-binding factor 1 (LEF1), another key regulators of the WNT 

pathway, which control dermal-epidermal interactions (27)(28) together with the NOTCH 

pathway members, which control hair follicle fate (29) were also overexpression in tofacitinib 

treatment (3). 

In summary, from their findings can be concluded that JAK-STAT signal inhibition 

stimulates the activation and/or proliferation of hair follicle stem cells, resulting in promotion 

of hair growth (3). 

Despite the aspect of successful therapeutic options for alopecia areata and variants 

with tofacitinib and ruxolitinib (JAK1,2 inhibitors), another aspect is the potential risks of these 

medications if taken in oral form, Craiglow et al. were concerned about this matter. They 

decided to pursue a trial of topical ruxolitinib on a failure treatment alopecia universalis 

(variant of alopecia areata) patient. Then finally reported a first case of successful treatment of 

alopecia universalis with topical ruxolitinib as JAK inhibitor. While further studies are needed 

to confirm the efficacy, safety and tolerability (30). 

Nowadays, the problem of hair loss has been increasingly concerned by patients, which 

can be categorized into scarring and non-scarring alopecia. Examples of diseases organised in 

scarring alopecia group are lichen planopilaris (LPP), frontal fibrosing alopecia (FFA) and 

discoid lupus erythematosus (DLE). Meanwhile, androgenetic alopecia (AGA), alopecia areata 

(AA) and telogen effluvium (TE) are in non-scarring alopecia group. 

AA is a non-scarring loss of hair on scalp or other area of the body, affects 

approximately up to 2% of population. Its pathogenesis is involved multifactorial autoimmune 

associated with unknown etiology. AA is characterized by one or more well-defined hair-less 

non-scarring patches, which it could be progressed to more severe form as involved whole 

scalp or body hair. In spite of multiple treatments available including steroids, 

photochemotherapy and immunotherapy, AA could be spontaneously resolved within 1 year, 

whereas up to 25% developed to severe form. 

TE, defined by loss of telogen hair, results from abnormal hair cycling. Possible causes 

of TE including systemic illness, drug induced, loss of weight, nutritional deficiency, delivery, 
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oral contraceptives interruption and scalp inflammation. As same as AA, TE could 

spontaneously be resolved, after treated underlying causes (31). 

AGA is known to be the most common form of non-scarring alopecia. According to a 

previous study in Thailand reported the prevalence of baldness reaching 61.78% at 70 years of 

age (32). It mainly results from androgen-dependent process and genetic transmission, in 

associated with suspected pathogenic factors such as microbial flora, stress (endogenous and 

exogenous), and microinflammation (33).  The hallmark characteristics of AGA is vellus-like 

hair transformation in correspond to miniaturization of hair follicles during repeated hair cycles 

with premature termination of anagen (34).  In male AGA, commonly known to be associated 

with increasing in 5-alpha reductase activity propagate to an increase in dihydrotestosterone 

(DHT) production, which may be results in hair follicle loss, yet the mechanism is not clearly 

known (35). 

Apart from genetic predisposition and androgens main theories, suspected noticeably 

coincidence from scalp biopsy has shown that the miniaturization of terminal hairs is oftenly 

associated with perifollicular lymphocytic infiltration, and fibrosis (36).  Subsequently, this 

may be one of the credible reasons encourages microscopic follicular inflammation theory. 

In the focus on hair follicle cycling, AGA implies a process of shortened anagen phase 

associated with premature catagen phase. Catagen has been advocated to occur as a 

consequence of decreased in anagen maintaining factors expression, including insulin-like 

growth factor 1 (IGF-1) (37), basic fibroblast growth factor (bFGF) (38) and vascular 

endothelial growth factor (VEGF) (39), associated with increasing in cytokines promoting 

apoptosis expression, including transforming growth factor beta 1 (TGF-β1) (34)(25), 

interleukin-1 alpha (IL-1α) and tumor necrosis factor alpha (TNF-α) (33)(40). 

The goal of treatment in AGA is to increase in hair number on the scalp and to delay 

progression of hair thinning. Current available treatment modalities for AGA with proven 

efficacy (FDA approved) are oral finasteride (dose 1 mg/day) and topical solution of minoxidil 

(dose 2% for women, 5% for men).  

Finasteride acts as a potent competitive inhibitor of type II 5α-reductase and inhibits 

the conversion of testosterone to DHT (41)(42), which is involved in miniaturization process 

of hair follicle in AGA. In the focus on drug efficacy, according to a systematic review of 

twelve studies showed moderate-quality evidence that daily use of oral finasteride increased 

the mean hair count from baseline in comparison to placebo treatment, reported as a percentage 

of the initial count in each patient, at short term (mean difference (MD) 9.42% [95% CI, 7.95%-

10.90%]; I², 50%) and at long term (MD 24.3% [95% CI, 17.92%-30.60%]; I², 0%) and also 
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increased in the proportion of patients reported as improved by investigator assessment in the 

short term (relative risk (RR), 1.80 [95% CI, 1.43-2.26]) (43). In contrast to its efficacy, adverse 

effects of finasteride are increasingly concerned especially on sexual functions (reported in 

clinical trials at rates of 2.1% to 38%) (44), which leads to poor compliance problem. 

Moreover, Thompson et al. reported that taking finasteride may associate with increased risk 

of high-grade prostate cancer (6.4 % and 5.1 % in the finasteride treated group compared to 

placebo group respectively, P<0.001; RR, 1.67 [95% CI, 1.44%-1.93%]) due to it prevented or 

delayed the onset of cancer (45), but long term follow-up of the same subjects proved no 

significant difference in the rates of overall survival or survival after the diagnosis of prostate 

cancer (the 10-year survival rates were 73.0% [95% CI, 68.1%-78.0%] and 73.6% [95% CI, 

68.3%-78.9%] in the finasteride treated group compared to placebo group respectively, among 

those with high-grade prostate cancer) (46). Nevertheless, further study is required to conclude 

the association between the use of finasteride and prostate cancer. Another limitation of 

finasteride is its slow onset and must be in long term use which may increase risk of adverse 

effects. Finasteride is contraindicated in who are or may potentially be pregnant because of the 

risk in impair virilization of a male fetus (47). 

Topical minoxidil, an adenosine-triphosphate-sensitive potassium channel opener and 

vasodilator (33), which feasible mechanism is to extend the duration of anagen phase of hair 

follicles by induces cell growth factors including VEGF, hepatocyte growth factor (HGF), IGF-

1 and activates uncoupled sulfonylurea receptor on dermal papilla plasma membrane which 

leads to enhance HGF and IGF-1 actions, as well as inhibits TGF-β which acts as hair matrix 

cells apoptosis inducer, and lastly dilates hair follicle arteries and increases blood flow in 

dermal papilla (48). In the aspect of clinical use, Olsen et al. reported that 5% topical minoxidil 

was significantly greater in efficacy to 2% topical minoxidil and placebo in increasing hair 

regrowth in AGA patient (5% topical minoxidil treated group showed 45% more hair regrowth 

than 2% topical minoxidil treated group at week 48, P 0.025). The adverse events using topical 

minoxidil are dose-dependent, commonly from dermatologic nature such as pruritus, itching, 

burning and other symptoms of scalp dermatitis, but no systemic effects has been reported (49). 

Another important adverse event of patient using topical minoxidil is that it provokes a 

transitory TE. TE is characterized by increased hair shedding, in case of minoxidil use, the 

condition caused by mechanism of fast reentry to anagen phase of the hair follicles. Although 

acute TE from minoxidil treatment is reversible and transient, but the condition causes 

psychoemotional stress which leads to the main cause of concern and the reason for seeking 

medical advice (50). 
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 Since clinical success rate of the treatment of AGA with modulators of androgen 

metabolism or hair growth promoters is still limited. In spite of the standard treatment of AGA 

which are oral finasteride and topical minoxidil, still some problems on adverse events which 

leads to drop out of patient. Thus, we are interested in doing research on a new group of 

medication in purpose of improved alternative modalities of treatment for non-scarring 

alopecia patient. As mentioned above, tofacitinib as JAK3 inhibitor, a new class of 

immunomodulatory agent, provides multiple therapeutic effects. In the focus on hair promoting 

effect, inhibitory of JAK-STAT signal could leads to initiate anagen phase of hair cycle, and 

also activates hair follicle stem cells. In considering, another possible mechanism in promoting 

hair growth of tofacitinib maybe take part in the process of hair follicle microinflammation, 

due to its anti-inflammatory effect. However, the mechanism of tofacitinib is still not 

completely clear, hence further study should be done. In this research, we are interested in the 

treatment of tofacitinib on its efficacy in promoting hair growth in mice, in comparable to 

topical minoxidil which has been approved as standard treatment for AGA, the most common 

form of non-scarring alopecia. The process of determining therapeutic mechanism of 

tofacitinib in the study which involved clinical, histopathology and cytokine protein expression 

would lead to further understanding in the mechanism of tofacitinib and probably be beneficial 

in developing an alternative group of drug for patient with non-scarring alopecia in the near 

future.
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RESEARCH METHODOLOGY 

 

1 Materials  

 

 1.1 Animals  

 Seven-week-old male C57BL/6 mice procure from National Laboratory Animal Center. 

A total of studied mice will be randomly assigned to tofacitinib-treated group (N=7), minoxidil-

treated group (N=7) and control group (N=7). During the experiments, the animals will be 

housed under strict hygienic conventional standard, maintain under controlled environmental 

conditions (12-hour light/dark cycle, temperature approximately 23°C), and provided with 

standard laboratory food and water ad libitum. Study protocol was approved by Thammasat 

University’s Animal Ethical Committee and conducted according to Ethical Principals and 

Guidelines for the Use of Animals for Scientific Purpose.  

 

 1.1.2 Sample size  

 A total of 21 eight-week-old male C57BL/6 mice are recruited for this study.  

  ▪ Program G* Power 3.1.7 (162) :   

  Effect size f = 0.8  

  α error probability = 0.05  

  Power (1-β error probability) = 0.80  

  Number of groups = 3  

  Total sample size = 21  

 

 1.1.3 Inclusion criteria  

  Male C57BL/6 mice aged 8 weeks.  

 

 1.1.4 Exclusion criteria 

  (1) Mice are in seriously ill condition, weight loss >20%, moan with  

  pain or soundless, reject food or water.  

  (2) Death during the experiment 

 

  

 1.2 Drugs 
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Tofacitinib was purchased from Abmole Bioscience (catalog no.477600-75-2), and dissolved 

in dimethyl sulfoxide (DMSO) into 2% concentration. 5% topical minoxidil was purchased 

from drug industry, dissolved in ethanol base (60-65%), was used in compare with topical 

tofacitinib. 

 

2 Research design 

 

 2.1 Animal experiment 

 

 
Figure 1 Flow chart of research methodology 

 

 Mice were anesthetized with inhaled isoflurane (Aerrane, Baxtar, USA) one day before 

the procedure. Hair on the dorsal skin (size 2.5x3.6 cm position just below to scapula) of all 

mice were gently coated under sterile conditions using an electric shaver to avoid injury.  
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Figure 2 Mice were gently coated under sterile conditions using an electric shaver. 

 

 After coating, the mice were randomly divided into group of seven, then numbering 

and labelling.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3 Numbering and labelling mice. 

 

 Each labelled mouse was digitally photographed using digital camera and microscope, 

focused on the dorsal back coated skin. On the day on which the reagents were to be applied 

(day 1-21), each group were treated topically 0.1 mL/area once daily with 2% tofacitinib or 5% 

minoxidil. A digital image of the coated area was weekly recorded until three weeks. In case 

of minimized variations, we calculated area hair regrowth relatively from each mouse baseline. 

For hair regrowth study area, a window template size 2.5x3.6 cm was 
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used to standardize the size of calculated area. And for microscopic area photographed by 

digital microscope, the mark point on a window template helped focusing on the same position 

while taking photo in each week. 

 

 
Figure 4 A digital image of the coated area was recorded at the same position. 

 

 At the experimental endpoint, tissues from the dorsal back coated area were collected 

from each treated mouse using sterile punch biopsy (6 mm in diameter) for histopathological 

study and cell growth factors analysis. Finally, mice were humanely euthanized with carbon 

dioxide (CO2).  

 

 
Figure 5 Tissues from the dorsal back coated area were collected using punch biopsy. 
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 2.2 Outcome measurements 

 

  2.2.1 Hair growth observation 

  Hair growth was determined weekly by digital photograph using a digital 

camera (DSC-RX100M3, Sony Corporation, Japan). The photographic data was analysed 

using Adobe Photoshop 6.0 software (Adobe Systems Incorporated, United States), performed 

by the same independent computer graphic administrator, without bias from recognizing the 

previous treatment information, to calculate the ratio of the area showing hair regrowth to the 

area denuded of hair. Hair growth rate was evaluated using digital microscope (Dino-Lite 

AM7013MZT(R4), AnMo Electronics Corporation, Taiwan) at 65x magnification. 

 

 
Figure 6 An example of the photographic data that was analysed using Adobe Photoshop 6.0 

software to calculate the ratio of the area showing hair regrowth to the area denuded of hair. 
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Figure 7 An example of mean hair growth measurement using digital microscope in order to 

evaluate hair growth rate. 

 

  2.2.2 Histopathological analysis 

  Tissues from the coated area were collected on day 21 using punch biopsy (6 

mm in diameter) under inhaled isoflurane anaesthesia. The samples were fixed in 10% buffered 

formalin for 24 hours, embedded in paraffin wax, and stained with haematoxylin and eosin 

(H&E), to evaluate:  

  (1) Hair re-growth by comparing mean number of hair follicles in the examined 

area of 6 mm between control and treated groups. 

  (2) Dermal thickness and hair follicle depth were measured using the scale bar 

tool of the microscope, then compared among the treated and control groups. 

  (3) The hair follicle of the examined area was classified according to the stages 

of the hair growth cycle (anagen, catagen and telogen). 

  (4) The inflammatory cells were categorized and evaluated using an optical 

microscope comparing among the treated and control groups. 

 

  All histopathological analysis was done by veterinary pathologists under 4x and 

10x magnification using optical microscopy. 

  

  2.2.3 Cell growth factors analysis 
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   2.2.3.1 Real-time polymerase chain reaction (RT-PCR) 

   The collected tissue samples were stored as fresh frozen at -80°c until 

use. VEGF and IGF-1, hypothesized important cell growth factors on hair growth promotion 

induced by tofacitinib, were analysed by RT-PCR. RNeasy® Mini Kit (QIAGEN, Valencia, 

California, USA) was used for total RNA purification from the collected tissues. RNA isolation 

was performed according to the manufacturer’s protocol. 

 
Figure 8 RNeasy® Mini Kit for total RNA extraction. 

 

(1) Tissue samples were removed from the -80°c storage. According to this experimental 

research, we used entire unstable cryopreserved tissues placing directly into a suitable sized 

vessel for disruption and homogenization process. 

 
Figure 9 Tissue samples. 
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(2) Mortar and pestle were used to destruct tissues. The frozen tissues were placed in mortar 

and added liquid nitrogen, then grinded with pestle into small grain. After liquid 

nitrogen was evaporated, the tissue grain was gently transferred into an RNase-free micro-

centrifuge tube. 

 
Figure 10 Tissue samples were destructed using mortar and pestle. 

 

(3) Homogenized the lysate with 600 μL of RLT buffer. Then, the lysate was pipetted into a 

1.5 mL eppendorf tube and placed into provided shredder spin column. Centrifuged the lysate 

for 2 minutes at full speed. Next, carefully pipetting to transfer the supernatant into a new 

micro-centrifuge tube. 

 
Figure 11 The lysate was centrifuged. 
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(4) Adding 600 μL of 70% ethanol into the lysate and immediately pipetted to mix it. 

Transferring 700 μL of the sample with any precipitate into the provided RNeasy spin column 

placed in a 2 mL collection tube, then, centrifuged for 15 seconds at 10,000 rpm, thereafter, 

discarding the flow-through. 

 
Figure 12 Transferred the sample with any precipitate into the provided RNeasy spin column 

placed in a 2 mL collection tube. 

 

(5) The spin column membrane was washed 3 times with: 

 - 700 μL Buffer RW1, then centrifuged for 15 seconds at 10,000 rpm. 

 - 500 μL Buffer RPE, then centrifuged for 15 seconds at 10,000 rpm. 

 - 500 μL Buffer RPE, then centrifuged for 2 minutes at 10,000 rpm. 

 

(6) Transferring the RNeasy spin column into a new 1.5 mL collection tube. RNase-free 

water was then added directly to the spin column membrane in order to elute the RNA, and 

centrifuged for 1 minute at 10,000 rpm. 

 

(7) The previous step was repeated using another 15 μL of RNase-free water to elute the RNA. 

 

(8) RNA concentration was measured by NanoDrop spectrophotometer in order to evaluate the 

RNA quantity and purity. 



17 
 

17 
 

 
Figure 13 RNA concentration was measured using NanoDrop spectrophotometer. 

 

 Due to the concentration of RNA was too low or maybe error in some samples, we have 

to exclude those off, left over 22 samples (tofacitinib 7 samples, minoxidil 5 samples, DMSO 

7 samples, and ethanol 3 samples) to further analysed by reverse transcription process. 

 

 In order to synthesis complementary DNA (cDNA), reverse transcription was 

performed using ImProm-II™ Reverse Transcription System (Promega Madison, USA). 

Before mixing with other reagents, RNA was heated at 70°c for 5 minutes, and left on ice 1-2 

minutes, then the following components were added and mixed.  

 

 

Figure 14 RNA was heated at 70°c for 5 minutes, before mixing with other reagents. 
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Finally, the mixture was placed in T100™ Thermal Cycler (BIO-RAD, Hercules, 

California, US) running the process of cDNA synthesis under control temperature at 25°c for 

5 minutes, 42°c for 1 hour, and 70°c for 15 minutes. 

 - Oligo dT 1 μL  

 - dNTP mix 1 μL  

 - Buffer 4 μL  

 - Reverse transcriptase enzyme 1 μL  

 - Recombinant Rnasin 0.5 μL 

 - MgCl2 1.6  

 - RNA 0.582-10 μL (volume used is according to RNA concentration in each sample;  

 30-100 ng of RNA) 

 - RNase free water (titrate until total volume reach 20 μL)  

  Total volume = 20 μL 

 
Figure 15 T100™ Thermal Cycler  

   

 We evaluated the mRNA expression of VEGF, IGF-1, and beta 2-microglobulin (as an 

internal control). The following primers were used:  

 - Mm.282184 for VEGF  

 - Mm.268521 for IGF-1  

 - Mm.163 for beta 2-microglobulin 

 

https://www.google.co.th/search?espv=2&biw=1280&bih=724&q=Hercules+California&stick=H4sIAAAAAAAAAOPgE-LSz9U3MC4wzDVPUeIAsQsrCwu1tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcUALCJywkQAAAA&sa=X&ved=0ahUKEwi7qvet0OnRAhVFp48KHRv_DG0QmxMIkwEoATAP
https://www.google.co.th/search?espv=2&biw=1280&bih=724&q=Hercules+California&stick=H4sIAAAAAAAAAOPgE-LSz9U3MC4wzDVPUeIAsQsrCwu1tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcUALCJywkQAAAA&sa=X&ved=0ahUKEwi7qvet0OnRAhVFp48KHRv_DG0QmxMIkwEoATAP
https://www.google.co.th/search?espv=2&biw=1280&bih=724&q=Hercules+California&stick=H4sIAAAAAAAAAOPgE-LSz9U3MC4wzDVPUeIAsQsrCwu1tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcUALCJywkQAAAA&sa=X&ved=0ahUKEwi7qvet0OnRAhVFp48KHRv_DG0QmxMIkwEoATAP
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 One step RT-PCR was performed following the manufacturer’s protocol using the 

ImProm-II™Reverse Transcription System. The reverse transcription reaction mixture was 

prepared by combining the following components in a sterile 1.5 mL microcentrifuge tube on 

ice. 

 

 - 2x Probe RT-PCR Master mix 10 μL 

 - QN Probe RT mix 0.2 μL 

 - Primer 1-FAM 1 μL 

 - Primer 2-VIC 1 μL 

 - RNA (7 ng)  

 - RNase-free water 

 

 
Figure 16 The reverse transcription reaction mixture. 
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 The reactions were placed in a C1000 Touch™ thermal cycler BIO-RAD CFX96™ 

Real-Time System (BIO-RAD, Hercules, California, US) that has been preheated to 95°C. An 

optimized program for amplification using the Upstream and Downstream Control Primers 

provided as 95°c for 10 minutes, and 40 cycles of 95°c for 15 seconds denaturing, and 60°c for 

1 minute annealing. Fluorescence dye was detected. The relative ratio of gene expression for 

each gene was determined by standard exponential curves. The internal control gene (beta 2-

microglobulin) was used to normalize the target gene ratio. 

 

Figure 17 The reaction mixture plate was transferred in the thermal cycler, then RT-PCR was 

run. 

 

2.2.3.2 Enzyme-linked immunosorbent assay (ELISA) 

   Quantitative measurement of VEGF protein was done by ELISA 

technique using Abcam’s VEGF Mouse ELISA kit (ab100752, Abcam, UK). Dermal levels of 

VEGF were determined in the biopsy tissue sample. The skin tissues were minced and 

homogenized in a polytron-type homogenizer using 2 mL of 1N acetic acid. Then the tissue 

homogenates were centrifuged (3,000 × g, 10 minutes, 4°C). The resulting supernatants were 

measured by Bradford method before using for ELISA. 

https://www.google.co.th/search?espv=2&biw=1280&bih=724&q=Hercules+California&stick=H4sIAAAAAAAAAOPgE-LSz9U3MC4wzDVPUeIAsQsrCwu1tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcUALCJywkQAAAA&sa=X&ved=0ahUKEwi7qvet0OnRAhVFp48KHRv_DG0QmxMIkwEoATAP
https://www.google.co.th/search?espv=2&biw=1280&bih=724&q=Hercules+California&stick=H4sIAAAAAAAAAOPgE-LSz9U3MC4wzDVPUeIAsQsrCwu1tLKTrfTzi9IT8zKrEksy8_NQOFYZqYkphaWJRSWpRcUALCJywkQAAAA&sa=X&ved=0ahUKEwi7qvet0OnRAhVFp48KHRv_DG0QmxMIkwEoATAP
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Figure 18 The supernatants were measured by Bradford method. 

 

The concentration of VEGF protein in the supernatants was measured using an 

Abcam’s VEGF Mouse ELISA kit according to the manufacturer’s instructions. 

 

(1) Reagent Preparation 

Sample diluent buffer was diluted 5-fold, cell lysate buffer was diluted 2-fold,  

and assay diluent was diluted 5-fold with deionized or distilled water before use. Wash solution 

was diluted into 400 mL of 1-fold wash solution with deionized or distilled water. The 

Biotinylated VEGF anti-Mouse vial was spinned before use. Then 1-fold assay diluent 100 μL 

was added into the vial to prepare a detection antibody concentrate. Gently mixed with pipette. 

Before using in the assay procedure, the detection antibody concentrate was diluted to 80-fold 

with 1-fold sample diluent buffer. Prior to use in the assay procedure, the HRP-Streptavidin 

concentrate vials were spinned and diluted to 160-fold with 1-fold sample diluent buffer. All 

reagents were equilibrated to room temperature (18-25°C) before using. 

 

(2) Standard Preparations 

The vial of VEGF standard was grossly spinned, then added 400 μL of 1-fold assay 

diluent or 1-fold sample diluent buffer into the vial to prepare a 25 ng/mL VEGF stock 

standard. After gently mixed, the standards were prepared into 8 concentration. Standard #1 

was prepared by adding 40 μL of 25 ng/mL stock standard to 960 μL of 1-fold assay diluent or 
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1-fold assay diluent into tube #1, then the tube was thoroughly and gently mixed. 300 μL of 1-

fold assay diluent was pipetted into each tube. Standard #2 was prepared by transferring 200 

μL of the mixture from tube #1 to #2, then mixed rigorously. As same as standard #2, other 

standards were prepared in serial as shown in the standard dilution preparation table below. 1-

fold assay diluent or 1-fold sample diluent buffer was served as the zero standard (0 pg/mL). 

 

Table 1 Standard dilution preparation table. 

Standard 
# 

Volume to 
dilute 
(μL) 

Diluent 
(μL) 

Total 
volume 
(μL) 

Starting 
conc. 
(pg/mL) 

Final 
conc. 
(pg/mL) 

1 40 960 1,000 25,000 1,000 
2 200   300 500 1,000 400 
3 200   300 500 400 160 
4 200  300 500 160 64 
5 200     300 500 64 25.6 
6 200   300 500 25.6 10.2 
7 200   300 500 10.2 4.1 
8 0 300 300 0 0 

 

(3) Sample Preparation 

Tissue lysate sample was diluted to 5-fold with 1-fold sample diluent buffer. Final 

concentration in each sample was not exceed 1,000 pg/mL. 

(4) Assay Procedure 

Before using, equilibrate all materials and prepared reagents to room temperature (18- 

25°C). 100 μL of each standard and sample were added into the appropriate wells, then incubate 

for 2.5 hours at room temperature or 4°C overnight with gentle shaking. Next, the wells were 

washed by filling each well with 300 μL of 1-fold wash solution for 4 times. After the last 

wash, any remaining solution was removed from wells by aspirating. The plate was inverted 

and blotted against clean paper towels. Then, 100 μL of 1-fold biotinylated VEGF detection 

antibody was added to each well and incubated at room temperature for 1 hour with gentle 

shaking. After that, the 4-time wash process with 1-fold wash solution was repeated again. 100 

μL of 1-fold HRP-Streptavidin solution was added to each well prior to 45 minutes incubation 

at room temperature with gentle shaking. After the solution was discarded, the 4-time wash 

process was repeated again. 100 μL of TMB one-step substrate reagent was added to each well 

prior to 30 minutes incubation in the dark at room temperature with gentle shaking. Finally, 50 

μL of stop solution was added to each well. The results was read at 450 nm immediately. 

(5) Calculations 
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The mean absorbance for each set of duplicate standards, controls and samples was 

calculated, and subtracted the average zero standard optical density. Eventually, the standard 

curve was plotted in order to indicate VEGF concentration relating from the absorbance. 

 

3 Data analysis 

 ANOVA with post-hoc Bonferroni test and independent t-test were run to compare the 

data obtained from the treatment groups, and all measured values were reported in means. In 

case of the data was not scattered in normal distribution, the values were presented as median 

(range: min - max) and p-value was corresponded to Mann-Whitney U test. All statistical 

analyses were performed using Stata version 13 (StataCorp LP, USA). Statistical significance 

in all cases was considered to have a p-value <0.05.  
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RESULTS 
 

The total of 21 C57BL/6 male mice were enrolled in this research and all remained 

healthy until the experimental endpoint. 

 

1 Hair growth 

 

 1.1 Significant hair regrowth in the topical tofacitinib-treated group compared to 

that in the topical minoxidil-treated group 

On day 7 of treatment, mice treated with tofacitinib showed initiation of hair regrowth 

on the coated area, while minoxidil-treated mice were still denuded with higher statistical 

significance for the tofacitinib-treated group (25.36%) as compared to minoxidil-treated group 

(18.23%) with 95% CI 7.13 (3.1-11.16), P=0.002. On day 14, more distinct hair regrowth was 

observed with tofacitinib treatment (64.62%) than with minoxidil (30.31%), with 95% CI 34.32 

(14.5-54.13), P=0.004. At experimental endpoint on day 21, hair regrowth continued, and we 

could macroscopically observe almost complete regrowth of hair in the tofacitinib-treated 

group (98.5%) compared to a partial regrowth seen in the minoxidil-treated group (61.58%) 

with a statistically significant 95% CI 36.91 (11.35-62.48), P=0.012. As the data shown in 

Table 1 and Figure 1. 

 

Table 1 Comparison of area hair growth (%) at day 0, 7, 14, and 21 between tofacitinib-treated 

group and minoxidil-treated group. 

 Tofacitinib (n=7) Minoxidil  (n=7) Mean difference 
(95%CI) 

p-value 
(t-test) Mean (95%CI) Mean (95%CI) 

Area hair growth 
(%)  

    

Day 0 15.22 (11.86, 18.58) 14.42 (11.55, 17.29) 0.8 (-3.13, 4.73) 0.666 
Day 7 25.36 (21.66, 29.06) 18.23 (15.63, 20.83) 7.13 (3.1, 11.16) 0.002** 
Day 14 64.62 (45.08, 84.16) 30.31 (23, 37.62) 34.32 (14.5, 54.13) 0.004** 
Day 21 98.5 (96.8, 100.2) 61.58 (36.02, 87.14) 36.91 (11.35, 62.48) 0.012** 

Values presented as mean (95% confident interval of mean). P-value corresponds to Independent t-test. 
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Figure 1 Comparison of area hair growth (%) at day 0, 7, 14, and 21 between tofacitinib-treated 

group and minoxidil-treated group. Mean ± SEM, **P<0.05 

 

 In the same way, on day 14, tofacitinib showed more significant hair regrowth on the 

coated area (64.62%) when compared to DMSO-treated group (31.21%) and ethanol-treated 

group (31.48%), P<0.001. On day 21, tofacitinib also showed distinct hair regrowth on the 

coated area (98.5%) when compared to DMSO-treated group (66.59%) and ethanol-treated 

group (36.62%), P<0.001. Whereas minoxidil-treated group demonstrated no significant hair 

regrowth when compared to both vehicle-treated groups. Noticeably, on day 21, DMSO-treated 

group (66.59%) showed significant hair regrowth as compared to ethanol-treated group 

(36.62%), P<0.001. As the data shown in Table 2 and Figure 2.  

Although, at baseline (day 0), the data showed significant difference of area hair growth 

between tofacitinib-treated versus (VS) ethanol-treated group and minoxidil-treated VS 

ethanol-treated group which this resulted from the error of hair coated process, but in this study, 

we evaluated area hair regrowth relatively from each mouse baseline, thus would compromise 

the results error. 
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Table 2 Comparison of area hair growth (%) at day 0, 7, 14, and 21 among tofacitinib-treated 

group, minoxidil-treated, DMSO-treated and ethanol-treated group. 
 Tofacitinib 

(n=7) 
Minoxidil 
(n=7) 

Vehicle-
DMSO  
 (n=7) 

Vehicle-
ethanol   
(n=7) 

p-value  
ANOVA 
test 

Bonferroni test 

Area hair 
growth (%)  

      

Day 0 15.22 (11.86, 
18.58) 

14.42 (11.55, 
17.29) 

21.62 (17.77, 
25.47) 

27.22 (17.42, 
37.02) 

0.002* c,e 

Day 7 25.36 (21.66, 
29.06) 

18.23 (15.63, 
20.83) 

28.25 (22.28, 
34.22) 

28.47 (20.41, 
36.53) 

0.012* d,e 

Day 14 64.62 (45.08, 
84.16) 

30.31 (23, 
37.62) 

31.21 (24.38, 
38.04) 

31.48 (23.63, 
39.33) 

<0.001** a,b,c 

Day 21 98.5 (96.8, 
100.2) 

61.58 (36.02, 
87.14) 

66.59 (43.2, 
89.98) 

36.62 (30.77, 
42.47) 

<0.001** a,b,c,f 

Values presented as mean (95% confident interval of mean). P-value corresponds to ANOVA 

test and Post hoc test by Bonferroni.   

(a) Tofacitinib VS Minoxidil, (b) Tofacitinib VS Vehicle-DMSO, (c) Tofacitinib VS Vehicle-

ethanol, (d) Minoxidil VS Vehicle-DMSO, (e) Minoxidil VS Vehicle-ethanol, 

 (f) Vehicle-DMSO VS Vehicle-ethanol 

 

 
Figure 2 Comparison of area hair growth (%) at day 0, 7, 14, and 21 among tofacitinib-treated 

group, minoxidil-treated, DMSO-treated and ethanol-treated group. *P<0.05, ** P<0.001 
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From observation, we could grossly see thinned-quality hair regrowth initiated on the 

dorsal back coated area of mice treated with tofacitinib approximately since day 7 after 

treatment, despite still denuded in minoxidil-treated group. With slower onset, we could 

observe hair regrowth initiation from minoxidil-treated group on day 11, and DMSO-treated 

group on day 14. Despite, no distinct hair regrowth observed from ethanol-treated group. Hair 

regrowth in mice treated with tofactinib, minoxidil, and DMSO continue up to the end of the 

study (21 days) with gradually larger in hair diameter and density. Another unexpected findings 

recognized from the study was that mice in tofacitinib-treated group and DMSO-treated group 

developed dry erythematous skin on the dorsal back coated area after applying those reagents 

since day 7, but after continue to apply, erythema was gradually diminished, then the skin 

turned grey and replaced with regrown hair in tofacitinib-treated group following by DMSO-

treated group. As the results of the hair regrowth model were represented in Figure 3. 

 

 
Figure 3 Hair regrowth model on day 0, 7, 14, and 21 after topical application of tofacitinib 
(left), minoxidil (middle), and vehicle (right). Tofacitinib-treated group displayed faster onset 
of hair regrowth since day 7, whereas minoxidil-treated and vehicle-treated group still denuded. 
On day 21, despite almost full area of hair regrowth showed in tofacitinib-treated group, partial 
hair regrowth observed in minoxidil-treated and vehicle-treated group. 

  

Thus, the results suggest that tofacitinib promotes significantly more hair regrowth 

coupled with rapid onset than minoxidil and vehicle. 
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1.2 Mice treated with topical tofacitinib exhibited rapid rate of hair growth 

We examined hair growth rate, calculated from the mean hair length (mm) measured 

using a digital microscope from day 0 until day 14 of treatment (on day 21, most hairs in 

tofacitinib-treated group were greater in length and their length were beyond the microscopic 

field so that it could not be measured), and found that mice treated with topical tofacitinib had 

a significant increase in the rate of hair growth compared with that of topical minoxidil at day 

14, with 95% CI 0.03 (0.01-0.04), P=0.003, as shown in Table 3 and Figure 4. 

 

Table 3 Comparison of average rate of hair growth between tofacitinib-treated and minoxidil-

treated groups calculated from mean hair length (mm) measured using digital microscope from 

day 0 until day 14 of treatment. 

 Tofacitinib (n=7) Minoxidil  (n=7) Mean difference 
(95%CI) 

p-value 
(t-test) Mean (95%CI) Mean (95%CI) 

Mean hair length 
(mm) 

    

Day 0 0.29 (0.25, 0.33) 0.28 (0.25, 0.31) 0.01 (-0.03, 0.05) 0.522 
Day 7 0.33 (0.29, 0.37) 0.32 (0.29, 0.35) 0 (-0.04, 0.05) 0.818 
Day 14 0.8 (0.56, 1.04) 0.41 (0.33, 0.49) 0.39 (0.16, 0.61) 0.003** 

Hair growth rate 
(mm/day) 

    

Day 0-14  0.04 (0.02, 0.06) 0.01 (0, 0.02) 0.03 (0.01, 0.04) 0.003** 
Values presented as mean (95% confident interval of mean). P-value corresponds to Independent t-test. 

   

 
Figure 4 Comparison of mean hair length (mm) from day 0 until day 14 after treatment between 

tofacitinib-treated group and minoxidil-treated group. Mean ± SEM, **P<0.05 
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 Overall, mice treated with topical tofacitinib had a significant increase in the rate of 

hair growth compared with that of minoxidil and vehicle at day 14, with P<0.001. Mean hair 

growth rate of tofacitinib-treated group, minoxidil-treated group, DMSO-treated group, and 

ethanol-treated group were 0.04, 0.01, 0.01, and 0 mm/day, respectively, as shown in Table 4 

and Figure 5. 

 

Table 4 Comparison of average rate of hair growth among tofacitinib-treated, minoxidil-

treated, DMSO-treated, and ethanol-treated groups calculated from mean hair length (mm) 

measured using digital microscope from day 0 until day 14 of treatment. 
 Tofacitinib 

(n=7) 
Minoxidil 
(n=7) 

Vehicle-
DMSO  
 (n=7) 

Vehicle-
ethanol   
(n=7) 

p-value  
ANOVA test Bonferroni 

test 
Mean hair 
length 
(mm) 

      

Day 0 0.29 (0.25, 
0.33) 

0.28 (0.25, 
0.31) 

0.33 (0.31, 
0.35) 

0.37 (0.34, 
0.4) 

<0.001** c,d,e 

Day 7 0.33 (0.29, 
0.37) 

0.32 (0.29, 
0.35) 

0.38 (0.35, 
0.41) 

0.39 (0.35, 
0.43) 

0.001* c,d,e 

Day 14 0.8 (0.56, 
1.04) 

0.41 (0.33, 
0.49) 

0.44 (0.35, 
0.53) 

0.41 (0.37, 
0.45) 

<0.001** a,b,c 

Hair 
growth rate 
(mm/day) 

      

Day 0-14  0.04 (0.02, 
0.06) 

0.01 (0, 
0.02) 

0.01 (0, 
0.02) 

0 (0, 0) <0.001** a,b,c 

Values presented as mean (95% confident interval of mean). P-value corresponds to ANOVA 

test and Post hoc test by Bonferroni.   

(a) Tofacitinib VS Minoxidil, (b) Tofacitinib VS Vehicle-DMSO, (c) Tofacitinib VS Vehicle-

ethanol, (d) Minoxidil VS Vehicle-DMSO, (e) Minoxidil VS Vehicle-ethanol, 

 (f) Vehicle-DMSO VS Vehicle-ethanol 
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Figure 5 Comparison of mean hair length (mm) from day 0 until day 14 after treatment among 

tofacitinib-treated group, minoxidil-treated group, DMSO-treated group, and ethanol-treated 

group. *P<0.05, **P<0.001 

 

2 Histopathology 

 

 2.1 Significant increase in the mean number of hair follicles in anagen phase 

observed in tofacitinib-treated group under optical microscopic observations with H & E 

staining 

At the experimental endpoint (day 21), the number of hair follicles in tofacitinib-treated 

group (95% CI 43.43 (33.29-53.57)) was significantly more in number than that in minoxidil-

treated group (95% CI 28.43 (20.42-36.44)), P=0.015, as shown in Table 5 and Figure 6. 

 

Table 5 Comparison of mean number of hair follicle per 6 mm at day 21 between tofacitinib-

treated group and minoxidil-treated group. 

 
Tofacitinib 
(n=7) 

Minoxidil 
(n=7) 

p-value 

Mean number 
of hair follicle 43.43 (33.29, 53.57) 28.43 (20.42, 36.44) 0.015** 

Values presented as mean (95% confident interval of mean). P-value corresponds to 

Independent t test.  
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Figure 6 Comparison of mean number of hair follicle per 6 mm at day 21 between tofacitinib-

treated group and minoxidil-treated group. Mean ± SEM, **P<0.05 

 

 2.2 Hair follicles in tofacitinib-treated group mainly found in late anagen stage, 

while hair follicles minoxidil-treated group were partly found to be categorized in catagen 

and some were in anagen. 

 It was observed that the number of hair follicles mainly increased in the mature/late 

anagen phase in hypodermis in the tofacitinib-treated group, followed by some early anagen 

hair follicles in superficial dermis, but rarely catagen or telogen hair follicles were found. 

Meanwhile, the number of hair follicles in the catagen phase in deep dermis and the late anagen 

in deep dermis and hypodermis were approximately resemble in the minoxidil-treated group. 

Interestingly, the number of hair follicles in DMSO-treated group were largely found to be in 

late anagen in deep dermis and hypodermis, followed by catagen in deep dermis and telogen 

in superficial dermis. Whereas hair follicles in ethanol-treated group were mainly revealed to 

be in telogen phase in superficial dermis and catagen phase in deep dermis. As expected, 

anagen hairs were scarcely reported in ethanol-treated group. 

  

 2.3 Minoxidil-treated group revealed to be increasing in new capillaries number. 

 Observations demonstrated of new capillaries found in minoxidil-treated group with 

slightly dilation, while in tofacitinib-treated group showed lessen in new capillaries. As 

expected, ethanol-treated group also had less new capillaries sprouting, in contrast to DMSO-

treated group which found some new capillaries. 
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 2.4 Tofacitinib-treated group demonstrated the least inflammatory cells 

infiltration. 

 Among all treated groups, tofacitinib-treated seemed having the least inflammatory 

cells infiltrated in tissues, correlated to clinical which its sign of inflammation lessened after 

continued applying tofacitinib, and having hair regrowth instead. In minoxidil-treated group, 

slight mononuclear inflammatory cells were found to be infiltrated. DMSO-treated group also 

revealed to have mononuclear inflammatory cells infiltration, while ethanol-treated group had 

relatively less inflammatory cells infiltration. 

 

The model results of H&E staining of the dorsal skin tissue after 21 days of topical 

tofacitinib, minoxidil, DMSO, and ethanol application are shown in Figure 7. All tissues were 

well epithelialization with keratinization. The granulation was seen well organized with 

abundant collagen bundles and fibroblast infiltration. 
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Figure 7 The model results of H&E staining of the dorsal skin tissue after 21 days of topical 

tofacitinib, minoxidil, DMSO, and ethanol application. 
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3 Cell growth factors 

 

 3.1 RT-PCR 

 

  3.1.1 VEGF 

  According to either laboratory error or the quantity of cell growth factor 

expression was too low, hence, some values were not be able to evaluate and to be odded out. 

6 samples of tofacitinib-treated group were left to be calculated for the VEGF mRNA 

expression, while 4, 7, and 3 samples of minoxidil-treated, DMSO-treated, and ethanol-treated 

groups, respectively, were to be included in calculation for the VEGF mRNA expression. 

The median expression of the VEGF mRNA in tofacitinib-treated group  

(117.45) showed significantly higher in value when comparing to minoxidil-treated group 

(25.415), P=0.033. As well as vehicle-treated group, the median expression of the VEGF 

mRNA in tofacitinib-treated group (117.45) was markedly higher as compared to DMSO-

treated group (28.33), P=0.032, and to ethanol-treated group (9.15), P=0.02. In contrast, 

although minoxidil-treated group demonstrated quite large quantity of the median expression 

of the VEGF mRNA as compared to vehicle-treated group, but still not that high to be 

statistically significant. As shown in Table 6 and Figure 8. 

 

Table 6 The median expression of the VEGF mRNA evaluated from RT-PCR. 

Treated group n Median Min Max p-value 

Tofacitinib 6 117.45 20.01 189.13 Ref   

Minoxidil 4 25.415 10.32 63.21 0.033* Ref  

Vehicle-DMSO 7 28.33 4.32 45.01 0.032* 1 Ref 

Vehicle-ethanol 3 9.15 5.17 13.39 0.02* 0.157 0.087 

Values presented as median (range: min - max). P-value corresponds to Mann-Whitney U test. 

Ref, reference group. *P<0.05 
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Figure 8 Comparison of the median expression of the VEGF mRNA evaluated from RT-PCR.  

 

 

3.1.2 IGF-1 

  Similarly to the VEGF mRNA evaluation, in case of the IGF-1, either laboratory 

error or the quantity of cell growth factor expression was too low, thus, some values were not 

be able to evaluate and to be odded out. 6 samples of tofacitinib-treated group were left to be 

calculated for the IGF-1 mRNA expression, whereas 3, 7, and 3 samples of minoxidil-treated, 

DMSO-treated, and ethanol-treated groups, respectively, were to be included in calculation for 

the IGF-1 mRNA expression. 

  The median expression of the IGF-1 mRNA in minoxidil-treated group  

(175.46) showed the greatest value as compared to others with statistically significant with 

P=0.039, 0.03, and 0.037 for tofacitinib-treated, DMSO-treated, and ethanol-treated reference 

groups, respectively. The median expression of the IGF-1 mRNA in tofacitinib-treated group 

(15.23) was significantly higher when comparing to ethanol-treated group (too low to be 

evaluated, imputation as 1), P=0.043. DMSO-treated group (27.13) also had significantly 

higher value of the median expression of the IGF-1 mRNA as compared to ethanol-treated 

group (too low to be evaluated, imputation as 1), P=0.015. Surprisingly, DMSO-treated group 

(27.13) revealed higher value of the median expression of the IGF-1 mRNA when comparing 

to tofacitinib-treated group (15.23), but yet was not that high to be statistically significant. As 

shown in Table 7 and Figure 9. 
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Table 7 The median expression of the IGF-1 mRNA evaluated from RT-PCR. 

Treated group n Median Min Max p-value 

Tofacitinib 6 15.23 1 81.81 Ref   

Minoxidil 3 175.46 73.76 236.09 0.039* Ref  

Vehicle-DMSO 7 27.13 1.04 129.38 0.317 0.03* Ref 

Vehicle-ethanol 3 1 1 1 0.043* 0.037* 0.015* 

Values presented as median (range: min - max). P-value corresponds to Mann-Whitney U test. 

1, too low to be evaluated. Ref, reference group. *P<0.05 

 

 
Figure 9 Comparison of the median expression of the IGF-1 mRNA evaluated from RT-PCR.  
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DISCUSSION AND RECOMMENDATIONS 

 
1 Discussion 

 

 Currently approved medication for AGA includes oral finasteride and topical 

minoxidil, both still limited in efficacy and many have untoward side effects. Tofacitinib has 

been proven of its stimulatory effect towards hair growth (3)(15). Treatment of JAK inhibitors 

in topical form resulted in more robust hair growth than did systemic form, possibly because it 

increases the local drug concentration in the hair follicle microenvironment, allowing 

interactions to occur (3) as well as lesser side effect achieved in topical treated. Thus, this study 

demonstrates the efficacy in promoting hair growth of topical tofacitinib compare with topical 

minoxidil, conducted in mice model.  

From our data, topical application of tofacitinib led to hair regrowth initiation since day 

7 after treatment, whereas minoxidil and DMSO also led to hair regrowth but with slower onset, 

on day 11 and 13 respectively, despite no hair growth initiation observed in ethanol-treated 

group until entire experiment. Moreover, area hair regrowth observed from tofacitinib-treated 

group demonstrated almost full area of the dorsal back previously coated, despite partial hair 

regrowth area observed in minoxidil-treated and DMSO-treated group, even though till day 21 

which was the experimental endpoint. Correspond with clinical, histopathological observation 

showed significantly more increase in number of hair follicles in tofacitinib-treated group 

compared with others. Another interesting outcome, we measured mean hair length using Dino-

Lite microscope on day 0 until day 14 (the hair length of tofacitinib-treated group on day 21 

was too long to be evaluated, thus we used the data till day 14) and used to calculate average 

hair growth rate. The results showed that mice treated with topical tofacitinib had significantly 

more rapid rate of hair regrowth compared to minoxidil and DMSO. Overall, this could 

ascertain the previous study findings that application of topical tofacitinib led to hair growth 

promotion, following from the mechanism of WNT and SHH signalling pathways activation, 

even though the process of stimulation has still not be known, together with stimulatory effect 

of hair follicle stem cells activation and/or proliferation (3). Whereof the processes are 

evidenced from the repression of receptors that involved in the modulation of dermal papilla 

inductivity, such as FGFR1, ACVRL1, IGFR1, OSMR, and PTGFR (20)(21)(22)(23) collocate 

with down-regulation of proapoptotic genes included BAX, Bcl2L11 and CASP12. In addition, 

genes up-regulation induced by treatment of tofacitinib involved the members of the TGF-β 
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and BMP pathway, which formerly shown to play a critical role in dermal papilla inductivity 

(23)(24)(25)(26). Besides, LEF1, another key regulators of the WNT pathway, together with 

the NOTCH pathway members are also overexpressed during the treatment with tofacitinib (3). 

Minoxidil induces cell growth factors, such as VEGF, HGF, IGF-1, and activates uncoupled 

sulfonylurea receptor on dermal papilla plasma membrane, leading to enhanced activity of 

HGF and IGF-1. It also inhibits TGF-β, which induces hair matrix cells apoptosis, and dilates 

hair follicle arteries, thereby increasing blood flow to the dermal papillae, resulting in an 

anagen phase extension  (163)(48)(164).  

Interestingly, from the study, we found that one of the possible potential mechanisms 

leading to hair growth of tofacitinib might be that of the expression of the VEGF mRNA and 

protein which demonstrated in the highest level within tofacitinib-treated group as compared 

to others. Although, we previously known that the VEGF expression level has shown high in 

minoxidil treatment, resulting in angiogenesis, tofacitinib could even induce more. 

Correlatively, the histopathological results also proved the angiogenic process by the finding 

of some new capillaries in tofacitinib-treated tissue, meanwhile in minoxidil-treated tissue 

found plenty of new slightly dilated capillaries. These demonstrated that although JAK-STAT 

inhibitory effect of tofacitinib could induce greater amount of the VEGF expression, despite 

lower amount in minoxidil, but the new capillaries which reflected the process of angiogenesis 

were fewer found. The explanation may be that of the inhibitory of JAK-STAT can downstream 

lead to the BMP7 expression inhibition (165) resulting in extracellular signal-regulated protein 

kinase (ERK) 1/2 suppression via leukemia inhibitory factor (LIF) inhibition cascade (166) and 

finally VEGF-induced angiogenic signalling is blocked (167), hence, even though the VEGF 

expression demonstrated high level in tofacitinib-treated group, the angiogenesis may not 

concordantly be inflated. Another explanation is that in case of the angiogenic mechanism, 

VEGF is not the only factors promoting angiogenesis, but bFGF, angiopoietins, interleukin-8 

(IL-8), placental growth factor (PlGF), and PDGF also play an important role as the angiogenic 

factors (168)(169), which apart from VEGF, minoxidil may up-regulated the angiogenic 

mechanism via promoting other cell growth factors that support the production of the 

angiogenic factors for example HGF. Thus, according to those probable explanation, we could 

see some new capillaries in tofacitinib-treated tissue from the histopathological section, but not 

that much as compared to minoxidil. In conclusion, we suggest that inhibitory effect of JAK-

STAT could induce high amount of the VEGF mRNA and protein expression which probably 

plays another important role in hair growth promotion. Though the possible inhibitory effect 

of tofacitinib resulting in angiogenesis, but in order to promote hair growth, VEGF does not 
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just only have a crucial role in angiogenesis, but it also has direct action on hair dermal papilla 

cells as an autocrine growth factor which may be another beneficial mechanism in hair growth 

promotion from tofacitinib application (170). 

Apart from VEGF, tofacitinib has previously been proved of its stimulatory effect on 

multiple hair follicle growth factors and inhibitory effect on apoptotic signal inducers which 

plenty of those factors are enrolled in greater volume resulting in better hair growth outcome. 

In contrast to the VEGF expression level that found high in tofacitinib application, but 

the expression of the IGF-1 mRNA was demonstrated to be low suggesting that the IGF-1 gene 

expression cascade does not involve in the mechanism in promoting hair growth of tofacitinib. 

According to the histopathological results, most hair follicles in tofacitinib-treated 

group were classified as anagen, while nearly half of the hair follicles in minoxidil-treated 

group were classified as catagen, which indicates and reaffirms that tofacinib could accelerate 

transition to anagen phase (3)(15) in greater magnitude. An additional evidence was that after 

continue treating with tofacitinib, we observed skin darkening which indicated the migration 

of melanin to the skin surface during telogen to anagen conversion (171). 

Furthermore, another feasible effect of tofacitinib that supports the results is that of its 

anti-inflammatory effect (2)(4) confirming by the experimental evidence that during the first 

week after the application of tofacitinib and DMSO, the dorsal skin of mice turned erythema 

with dry scales due to the exorbitant concentration of DMSO (100% concentration using as 

tofacitinib’s vehicle and control), but after continue applying, the erythema and scales were 

lessened with new hair regrowth recognized instead in tofacitinib-treated group, whereas still 

some dry scaly erythematous skin observed in DMSO-treated group. Concurrently, according 

to the histopathological results, tofacitinib-treated group revealed the least inflammatory cells 

infiltration, while still observed the mononuclear inflammatory cells infiltration in other 

groups. We suggest that an anti-inflammatory effect of tofacitinib may be an additional 

potential in promotion of hair growth by inhibiting the process of hair follicle micro-

inflammation, which can lead to apoptosis in hair follicles and play a crucial role in the 

pathogenesis of follicle miniaturization (172)(173). Whereas minoxidil alone has limited in 

anti-inflammatory effect (174). 

Moreover, from the observation, we surprisingly recognized hair regrowth from 

DMSO-treated group, although tofacitinib-treated group still revealed more significant hair 

regrowth area, but at the experimental endpoint, mice treated with DMSO demonstrated that 

the percentage of hair regrowth area was quite high nearly to that of the minoxidil-treated 
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group. The explanation was that during the application of DMSO, the dorsal coated skin of 

mice showed the characteristic signs of contact dermatitis by turning erythema with dry scales. 

According to previous knowledge, the protein kinase C (PKC)-α inducing by skin irritation or 

allergic contact dermatitis has been implicated in the growth of mouse hair (175)(176), thus, in 

this setting, DMSO application in mouse skin resulting in contact dermatitis might lead to hair 

growth according to the same condition. Even though DMSO was used as vehicle for tofacitinib 

and we could also observe sign of dermatitis reaction in tofacitinib-treated mice skin, but as 

continue treating, the inflammatory sign lessened and hair regrowth was observed instead. The 

percentage of area hair growth in tofacitinib-treated group revealed strikingly highest among 

all treated groups, this might be implicate that though dermatitis reaction could more or less 

influenced hair regrowth in tofacitinib-treated group, but other mechanisms that has been 

discussed above in hair growth induction of tofacitinib still be mostly determined. 

 In conclusion, according to macroscopic, histopathologic, and immunologic results 

underscored the statistically significant of tofacitinib effect as hair growth promoter with 

greater in efficacy as compare to topical minoxidil which has been approved as therapeutic 

agent and generally use in non-scarring alopecia. 

 Tofacitinib has been approved in rheumatoid arthritis treatment by the US FDA and 

currently in clinical trials for treatment of psoriasis (13), vitiligo (14), and AA (15)(16). The 

successful treatment of AU with topical ruxolitinib as JAK inhibitor (177) together with the 

report of significantly hair regrowth regarding the use of oral tofacitinib in AA, AT, and AU 

(178)(161) has been demonstrated. 

Our study raises another crucial therapeutic effect in addition to immune-driven 

conditions, tofacitinib proved to be beneficial in having significantly greater in hair growth 

promoting efficacy comparing to topical minoxidil with faster onset, more rapid rate of hair 

regrowth and better outcome. These findings would probably benefit in open access to apply 

in human clinical trials in further study.  
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2 Recommendations 

 

2.1 Further studies with using vary concentration of tofacitinib in order to determine its 

dose dependent effect. 

2.2 Further studies in long term duration are pursued in order to examine tofacitinib 

adverse events and to determine whether its therapeutic effect on hair growth can be maintain 

throughout after treatment cessation or not. 

2.3 Further studies with initiating age of mice variation to achieve the data on 

reproducibility of hair growth resulting from tofacitinib treatment on hair stage variation, 

whether tofacitinib can abrogate the quiescence-promoting microenvironment at the early 

stages of telogen or not. 

2.4 Further studies in other cell growth factors expression according to tofacitinib 

treatment which will benefit in providing further information on hair growth promoted 

mechanism. 

2.5 Further studies in human clinical trials.  
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