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Abstract

Alopecia is one of the most psychologically distressing side effects of
cancer chemotherapy. Previously, we made the following observations:
(a) treatment of 8-day-old rats with l-/?-D-arabinofuranosylcytosine (ara-
C), doxorubicin, and cyclophosphamide (CYC) consistently produced
either total body alopecia (ara-C and CYC) or alopecia confined to the
head and proximal part of the neck (doxorubicin); (b) Imuvert, a biolog
ical response modifier derived from the bacterium Serratia marcescens,
uniformly produced complete protection against alopecia induced by ara-
C and doxorubicin but not that induced by CYC; and (c) the protective
effect of Imuvert against chemotherapy-induced alopecia is mediated by
a monocyte-mediated cytokine. In the experiments reported here, inter-
leukin 1 was examined as the potential cytokine. Interleukin I offered
excellent protection against alopecia induced by ara-C but not that
produced by CYC in the newborn rat animal model.

Introduction

Chemotherapy-induced alopecia is a common and distressing
side effect of many widely used chemotherapeutic agents (1).
Alopecia may result in decreased social interactions and can
cause some patients to refuse potentially curative or medically
proved adjunctive chemotherapy (2). Although this complica
tion has been known for many decades, little progress has been
made in its prevention or treatment (1,2). This lack of progress
is in part due to the unavailability of a suitable and reproducible
animal model. Although doxorubicin-induced alopecia has been
described in the Angora rabbit (3), its severity is mild and is
usually assessed by weighing the amount of hair shed upon
grooming. In recent work on the treatment of myelogenous
leukemia in the rat, we made the following observations: (a)
treatment of 8-day-old rats with ara-C,' doxorubicin, and CYC
consistently produced either total body alopecia (ara-C and
CYC) or alopecia confined to the head and proximal part of
the neck (doxorubicin); and (b) Imuvert, a biological response
modifier derived from the bacterium Serratia marcescens, uni
formly produced complete protection against alopecia induced
by ara-C and doxorubicin (cell cycle-specific agents) but not
that induced by CYC (cell cycle-nonspecific agent) (4). Through
further experiments, we showed that the protection by Imuvert
against the alopecia induced by ara-C is indirect and is mediated
by a monocyte-derived cytokine (5). In spite of its protection
against ara-C-induced alopecia, Imuvert has been shown to be
synergistic with ara-C in aborting the development of chloro-
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leukemia in the newborn rat (6). Subsequently, I planned to test
some of the known cytokines for their potential in the preven
tion of chemotherapy-induced alopecia in the newborn rat
animal model. One of the first cytokines to be tested was IL-1.
IL-1 was chosen for the following reasons: (a) Imuvert and
most bacterial components are potent inducers of IL-1 (4, 7,
8); (b) human and murine keratinocytes are known to express
mRNA IL-1 and to secrete IL-1 (7,9); (c) stimulated epidermal
keratinocytes express the highest concentration of IL-1 recep
tors (7-9); (d) in vitro, IL-1 has been shown to be a potent
stimulator for hair follicle keratinocytes (10); (e) the skin is the
largest reservoir for IL-1 (7); and (/) IL-1 has been shown to
protect against various chemotherapy and radiotherapy side
effects in both humans and animals (11-15).

Materials and Methods

Animal. Lactating Sprague-Dawley rats with 12-14 newborns/
mother were purchased from Charles River Laboratories, Wilmington,
MA. In these experiments, 8-day-old rats were used. All rats were
treated in accordance with institutional guidelines.

Drugs. CYC and ara-C were purchased from the University of Miami
Hospital and Clinics, Miami, FL. rhIL-1/i (specific activity, 5 x 10*

units/mg protein) was purchased from Amgen (Thousand Oaks, CA).
All drugs were prepared in pyrogen-free sterile water.

Treatment. Forty-eight 8-day-old rats were randomized into 4 groups
of 12 rats each. All drugs were given in 0.1-ml injections. Group 1
received ara-C. 75 mg/kg/day i.p., for 5 consecutive days. Group 2
received ara-C (as above) and rhIL-10, 0.4 /Â¿g/day,both i.p., for 5 days.
Group 3 received CYC, 35 mg/kg i.p., as a single injection. Group 4
received CYC (as above) and rhlL-lfi, 0.4 Mg/day i.p., for 5 days.

Alopecia Grading. All rats were assessed for alopecia on day 7 of the
experiment (2 days after completing treatment) as follows: 0, no de
tectable alopecia; 1+, mild alopecia with less than 50% hair loss; 2+,
moderately severe alopecia with more than 50% hair loss; and 3+,
severe and total alopecia.

Results and Discussion

Results are listed in Table 1. All rats survived the treatment.
Of the 12 rats treated with only ara-C, 10 had either moderately
severe or total alopecia (Fig. 1). However, of the 12 rats treated
with ara-C in combination with rhIL-l/i, none had either mod
erately severe or total alopecia (Fig. 1). Of the 12 rats treated
with only CYC, 8 had either moderately severe or total alopecia.
However, of the 12 rats treated with CYC in combination with
rhIL-10, all had either moderately severe or total alopecia.

IL-1 refers to a hormone-like polypeptide that mediates a
broad spectrum of activities in host defense as well as a variety
of disease processes (7, 8). Among its activities, IL-1 has been
found to play an important role in hematopoiesis (12, 13). In
several animal studies, IL-1 was shown to protect against bone
marrow suppression induced by CYC, 5-fluorouracil, and dox
orubicin and to enhance hematopoietic recovery following such
chemotherapeutic agents (7, 8, 12, 13). In addition, IL-1 was
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INTERLEUKIN 1 IN THE TREATMENT OF ALOPECIA

Table 1 ara-C and CYC-induced alopecia in 48 eighl-day-old rats
Group 1 received ara-C, 75 mg/kg/day i.p., for 5 days. Group 2 received ara-

C (as above) plus rh!L-l-/i, 0.4 ^g/day. both i.p., for 5 days. Group 3 received
CYC. 35 mg/kg i.p., once. Group 4 received CYC (as above) plus rhIL-l-/i 0.4
(/g/day, both i.p., for 5 days. Alopecia was graded as per text.

Group and
treatment1.

ara-C
2. ara-C -t- rh IL-1 -ff

3. CYC
4. CYC + rhIL-1-Ã}No.

of
rats12

12
1212Alopecia00

10
001

+2

2
4
02+5

0
4
33+5

0
4
9

found to protect in a dose-dependent manner from the effects
of ionizing radiation and oxygen damage (11). In mice, II. I
has been shown to protect against gastrointestinal toxicity
induced by total body irradiation in combination with maxi
mally tolerated doses of either doxorubicin orc/s-platinum (14).
However, in mice IL-1 has been shown to act synergistically
with some chemotherapeutic agents in their antitumor activities
against certain tumors (16). IL-1 was the first cytokine to be
characterized as a product of epidermal keratinocytes (7, 8).
The stimulated epidermal keratinocytes were found to be the
richest in IL-1 receptors. Moreover, IL-1 was shown to enhance
wound healing in an animal model (17) and has been implicated
in the pathogenesis of psoriasis (7, 9).

On the basis of the above effects on the skin and the hema-
topoietic system, I postulated that IL-1 is probably the mono-
cyte-derived cytokine through which Imuvert protects against
ara-C-induced alopecia in the newborn rat. In the experiments
reported here, IL-1 offered excellent protection against ara-C-
induced alopecia. However, IL-1 did not protect against CYC-
induced alopecia and possibly made it worse, although this
could be due to the small number bf animals. The exact molec
ular mechanism of protection from ara-C-induced alopecia by
IL-1 remains unclear. IL-1 protection against alopecia could be
mediated either directly or indirectly through other factors.

Fig. 1. Two rats each from the ara-C only group (Group 1) (right) and from
the ara-C + rhIL-lfi group (Group 2) (left). Treatment schedule as described in
the legend to Table I. rhlL-1 fi provided excellent protection against ara-C-induced
alopecia.

since IL-1 is known to induce the production of several cyto-
kines (7, 8). In addition, the lack of protection from CYC-
induced alopecia by IL-1 suggests that cell cycle-specific agents
(ara-C) produce alopecia by a different mechanism from that
produced by cell cycle-nonspecific agents (CYC). IL-1 is already
in phase I/II trials and consequently it should be feasible to test
the efficacy of IL-1 in protecting against alopecia induced by
cell cycle-specific chemotherapeutic agents (patients with blad
der cancer, breast carcinoma,....).

Therefore, in this paper, I have shown that IL-1 protects
against ara-C-induced alopecia in the newborn rat through a
mechanism that is currently under investigation. Additional
work is aimed at finding agents that would protect against
CYC-induced alopecia. Patients who are currently receiving
chemotherapy (especially cell cycle-specific agents) in addition
to IL-1 in various clinical trials should be assessed carefully for
the degree of alopecia. In addition, it should be feasible to test
the efficacy of IL-1 in preventing chemotherapy-induced alo
pecia in the near future after completing the phase I trials.
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