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Summary Exposure to contact allergens in order to produce allergic contact dermatitis (ACD)

seems to induce hair cycle/growth, but the mechanism of this remains unclear. In

the current study, we investigated this mechanism and found that repeated applica-

tion of hapten induced production of interleukin (IL)-4 in lymph-node immune cells.

In addition, hair growth was induced in mice after the adoptive transfer of T-helper

(Th)2 cells that had been purified from mice exposed to repeated cutaneous applica-

tion of hapten. These findings lead us to speculate that Th2 cells that are repeatedly

hapten-sensitized are recruited to hapten-challenged skin areas, and thus stimulate

the production of IL-4 in the vicinity of the hair follicles, which influences hair

cycle/growth. Our results may provide fundamental insights into the mechanism of

contact hypersensitivity-induced hair cycle/growth.

It has been reported that producing allergic contact

dermatitis (ACD) using hapten stimulates hair

growth.1 Although the modification of immune

responses in ACD is considered to be related to the

induction of hair growth,2 its precise underlying

mechanism remains unclear. In this study, we sought

to address this issue using contact hypersensitivity

(CHS) in a murine model of ACD.3,4

Report

To examine the association between CHS and hair

growth, 7-week-old female BALB/c mice were sensi-

tized with 50 lL of 2,4,6-trinitro-1-chlorobenzene

(TNCB; 1% solution in acetone) on the shaved abdomi-

nal skin, and divided into three groups. The ‘acute’

CHS group was resensitized at the same site on days 9

and 15 (Fig. 1a), while the ‘chronic’ CHS group were

resensitized every 3 days for 2 weeks (days 0–15)
(Fig. 1a). The third group was not given any further

treatment. The weight of hair is considered to be a

useful method to evaluate hair growth,5,6 thus we

weighed the hair (mg/cm2) 1 week after the final

TNCB treatment. Repeated application of TNCB in the

chronic group induced hair growth to a greater degree

compared with that in either the untreated control

group or the acute group (Fig. 1b,c).

The skin of the mice that received repeated TNCB

applications (chronic group) showed hyperkeratosis,

dermal lymphocytic infiltration, and more hair follicles

in anagen compared with either the acute or control

group (Fig. 1d). Because the composition of peribulbar

mononuclear cells is modulated in skin lesions of

human and murine CHS, we hypothesized that TNCB-

sensitized lymphocytes may produce cytokines that

promote or affect hair growth.

We examined the production by lymphocytes from

lymph nodes (LNs) of representative T-helper (Th)1
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and Th2 cytokines, namely, interferon (IFN)-c and

interleukin (IL)-4, respectively, after TNCB applica-

tion. Single-cell suspensions were prepared from skin

draining the inguinal and axillary LNs 5 days after

the final application of TNCB to the abdomen, and

106 LN cells were stimulated with anti-CD3 monoclo-
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(e) (f)
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Figure 1 (a) Protocol for acute and

chronic contact hypersensitivity (CHS).

Mice were sensitized and elicited with

applications of 2,4,6-trinitro-1-chloroben-

zene (TNCB) on the shaved abdominal

skin either on days 9 and 15 (acute CHS)

or by six repeated applications of TNCB

every 3 days (chronic CHS). Hair growth

was then evaluated. (b) Clinical findings

of hair growth in untreated (control),

acute and chronic CHS groups. (c) Hair

weight as an indicator of hair growth in

untreated (control), acute and chronic

CHS groups. (d) Histological findings of

the skin. Skin samples were excised from

mice. Scale bar = 100 lm. (e) Cytokine

levels. Immune lymph-node (LN) cells

were cultured for 72 h, and the superna-

tants subjected to cytometric bead array

analysis to quantify IFN-c and IL-4. (f)

Hair weight of the mice adoptively trans-

ferred with LN cells from untreated

(control), acute and chronic groups are

depicted. Data are presented as

means � SEM. *P < 0.01. NS, not

significant.
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nal antibody for 72 h before supernatants were col-

lected for measurement of the amounts of IFN-c and

IL-4, using a cytometric bead array system (BD Bio-

sciences, Franklin Lakes, NJ, USA). The amount of IL-

4 in the chronic group was much greater than that

in the control and acute groups, whereas the level of

IFN-c production was comparable across acute and

chronic groups (Fig. 1e).

We then evaluated whether the sensitized T cells

modulate hair growth in the acute and chronic CHS

models. Using a cell separator, (autoMACS; Miltenyi

Biotec, Tokyo, Japan), CD90+ cells were sorted from

the inguinal and axillary LNs of each group of mice,

and were intravenously transferred into naive BALB/c

mice. The recipients were single-challenged with

TNCB, and hair weight was evaluated as a marker of

hair growth 3 weeks later. In the mice that received

CD90+ cells, hair growth was enhanced in the chronic

group compared with the acute or the untreated con-

trol groups (Fig. 1f).

In this study, we found that the draining LN cells

from the chronic CHS group produced more IL-4 and

enhanced the hair cycle/growth of naive mice.

Therefore, we speculate that repeated sensitization

with hapten induces Th2 cells that in turn migrate

to TNCB-challenged skin sites and produce IL-4 in

the vicinity of the hair follicles, stimulating hair

elongation and maintenance of the anagen phase by

an undetermined mechanism. Our results may

provide fundamental insight into the induction of

hair cycle/growth by the local cytokine environment

or chronic ACD. Because atopic dermatitis is mediated

by Th2 cytokines,7 it would be of interest to examine

whether hair cycle/growth is enhanced in patients

with chronic contact or atopic dermatitis. Our studies

may shed some light on the mechanisms underly-

ing the induction of hair cycle/growth by chronic

CHS.

Learning points

• Repeated application of hapten enhances hair

growth in the murine contact hypersensitivity

model.

• IL-4 but not IFN-c production was increased in

the chronic group compared with the control and

acute groups.

• IL-4 may influence the hair cycle in chronic

contact hypersensitivity.
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