
readily available and can more rapidly recon- 
stitute lympho-hematopoiesis than bone 
marrow stem cells (1 7). 

These observations suggest a role for 
bFGF in hematopoiesis. This growth factor, 
produced by a variety of cell types (fibro- 
blasts, endothelial cells, and macrophages), 
is mitogenic to many cells, including fibro- 
blasts and capillary endothelial cells (18). In 
Xenopus blastula it can induce cells from the 
animal pole to develop as mesoderm (19) 
and as Gentral derivatkes, including blood 
cells. Our studies indicate a synergistic inter- 
action between bFGF and multilineage 
CSFs (IL-3, GM-CSF) on early adult hema- 
topoietic progenitors; both CSFs and bFGF 
have been postulated to act on target cells 
after binding to the extracellular matrix, 
particularly heparan sulfate (20).We suggest 
that bFGF may have a role in the control of 
proliferation or differentiation, or both, of 
early adult hematopoietic progenitors, as it 
apparently does in embryonic hematopoietic 
development in Xenopus (19). 
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Protection from Chemotherapy-Induced 
Alopecia in a Rat Model 

Alopecia (hair loss) is among the most distressing side effects of cancer chemotherapy. 
Little progress has been made, however, in its prevention or treatment, partly because 
of the lack of suitable experimental model. In recent work on the treatment of 
myelogenous leukemia in the rat, the following observations were made: (i) treatment 
of 8-day-old rats with cytosine arabinoside consistently produced alopecia, and (ii) 
ImuVert, a biologic response modifier derived from the bacterium Serratia marcescens, 
uniformly produced complete protection against the alopecia. In subsequent experi- 
ments, both cyclophospharnide and doxorubicin also produced alopecia in this model, 
and the doxorubicin-induced alopecia was prevented by treatment with ImuVea. The 
potential relevance of these observations to chemotherapy-induced alopecia in the 
clinical setting should be examined. 

ALOPECIA IS A FREQUENT AND DIS-
tressing side effect of many clinically 
active chemotherapeutic agents, of- 

ten causing patients to refise potentially 
curative chemotherapy (1-5). Although this 
complication has been known for many 
decades (3),little progress has been made in 
its prevention or treatment (6-9), in part 

because of a lack of a suitable, reproducible, 
experimental model. Although doxorubicin- 
induced hair loss has been described in the 
Angora rabbit (lo), its severity is assessed by 
weighing the amount of hair that regrows 
after shaving or the amount of hair shed 
upon grooming. Recently we have been 
studying the efficacy of chemotherapy in 
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combination with the biologic response 
modifier ImuVert in the treatment of leuke- 
mia (11), using transplanted rat my-- 
nous leukemia (12, 13) as model. ImuVert, a 
biologic response modifier, is a membrane 
vescicle-ribosome preparation derived from 
the bacterium Srnatia marcescm by a series of 
lytic and centrifugal steps, including sedi- 
mentation on a sucrose gradient (14). The 
composition and activity of the final prod- 
uct, measured as stimulated natural killer 
(NK) cell activity relative to a-interkcon, 
are highly reproducible with only slight 
variabiity. In this model, successful trans- 
plantation of leukemia requires the use of 
young (6- to 8-day-old) rats. We observed 
that these young rats developed severe gen- 
eralized alopecia regularly in response to 
cytosine arabinoside (ARA-C), but animals 
receiving ARA-C in combination with Imu- 
Vert were virmally completely protected 
from alopecia. 

Six hours after intraperitoneal injection of 
cllkmleukemia & (IS), animals were treat- 
ed with ARA-C in the presence or absence 
of ImuVert (25 s ) .  This ImuVert dose was 
chosen on the basis of in viw monocyte 
stimulation data (11) as well as toxicity 
studies in young rats. All animals had a near 
full coat of hair at the start of the experi- 
ment. On day 6 of treatment, all rats in 
p u p  I1 (ARA-C alone) had alopecia with 
hair loss starting over the head and rapidly 
progressing to include the entirr body. Six- 
teen of the 23 rats had total hair loss, 
another 4 animals had lost over 50% of their 
hair, and 3 animals had mild alopecia (Table 
1). In sharp contrast, alopecia was totally 
absent in 15 of the 20 rats in group IV (Fig. 
1) and was mild in the remaking 5. Rats in 
group I11 were indistinguishable from con- 
trols. Examination of skin biopsies showed 
profound loss of hair follicles in the ARA- 
Gtceated rats but no loss of follicles in 
ARA-C + ImuVert p u p  (Fig. 2). The inci- 
dence of death h chloroleulumia in the 
~groupsisalsoshowninTable 1. Allrats 
in group I were dead of chloroleukania by 
day 18. Two of23 rats (9%) in p u p  1I,9 of 
20 (45%) in group III, and 18 of20 (90%) in 
group IV have remained disease-k. 

In two separate experiments, similar re- 
sults were obtained in 8-day-old rats not 
be- chlomleukemia (Table 2). Protec- 
tion from ARA-Ginduced alopecia by Imu- 
Vert was observed at ImuVert dosages of 
both 25 and 10 s. 

These observations with ARA-C prompt- 

C. A McCa OLL Technology, k., Boulder, CO 
80301. 

T W  2 ARA-C-induced alopecia in normal 
rats. In experiment 1 38 8-day-old rats were 
randDmly divided into two groups of 19 rats each. 
Group I received ARA-C (25 mgkg per day IF') 
fbr 7 days, and group 11 received ARA-C in the 
same doac plus ImuVert (25 &day SC) fbr 7 
days. Data were recodcd on day 9 ofthc Cxpai- 
mcnt (2 days afrrr ARA-C treatment was 
stopped). Experiment 2 was carried out as in 
experiment 1, except that there were 12 rats per 
group and the ImuVert dosc was 10 &day. 
Proteaion fiom ARA-Gind~ed alopecia was 
observed both at the 25- and at the 10-pg dose of 
Trnn~Vrrr ---- . - -. 

Fig. 1. Color photopphs of two rats each from 
the ARA-Gody group (group 11) (right) and 
b the ARA-C + ImuVat group (group IV) k p  

Alopecia 

(Mt) nkcn on day 15 of the expecknt. Treat- 0 1+ 2+ 3+ 
mcnt schedule was as described in the legend to 
Table 1. ImuVert provided complete protection Experiment 1 
lgainst ARA-C-indd abpxia. I (ARA-C) 8 11 0 0 

n [ARA-c 14 5 o o 
+ 

ed examination of two other chemothera- 
peutic agents known to produce alopecia in 
humans: doxombicin (DX) and cydophos- 
phamide (CTX). Twenty 8-day-old rats 
were treated with DX [2 mg per kilogram of 
body weight per day intraperitoneally (IP)] 
without or with ImuVert [25 kg subcutane- 
ously (X)] for 7 days. All rats receiving DX 
alone had complete alopecia over the head 
and proximal part of the neck. None of the 
animals given ImuVert had alopecia (Table 
3, experiment 1) (Fig. 3). In another experi- 
ment, animals were treated with a single 
dose of CTX (25 mgkg IP) without or with 
ImuVert (25 @day IP for 7 days). Four of 
ten rats treated with CTX alone had total 
body alopecia indistinguishable from that 
produced by ARA-C (not illustrated); four 
others had moderately severe alopecia (loss 
of more than 50% of body hair); and the 
rrmaining two rats had mild alopecia. A 
similar pattern was noted in the animals 
treated with CTX + ImuVert; no vrotec- 
tion against alopecia was obsuvA with 
ImuVert (Table 3, experiment 2). 
These data suggest &at the young rat may 

serve as an excellent animal model for che- 
motherapy-induced alopecia. All duw 

Imuvert 
(25 w ) l  

I (ARA-C) 
n [ARA-c 

t 
Imuvcrt 
(10 ~ ) l  

agents examined in this study and known to 
produce alopecia in the clinical setting, 
ARA-C, CIX, and DX, produced alopecia 
in the young rat. Both ARA-C and CTX 
produced generalized body alopecia, where- 
as alopecia from DX was limited to the head 
and proximal neck. In our study, the age of 
the rat appeared to be critical; repeated 
attempts to induce alopecia with ARA-C in 
adult rats were unsu-11. Compared to 
the Angora rabbit, the young rat o ~ r s  the 
advantages of a high degree of reproducibili- 
ty with grossly visible and o h  total hair 
loss, greater availability, and convenience for 
largeIscale testing. 

ImuVert offered virmally complete pro- 
tection from alopecia induced by ARA-C 
and DX. However. because of DX toxiaw 
in young rats, sevekl dose schedules had & 
be tested, and, even at 2 rngkg, most of the 

T W  1. Occunw~ce and severity of alopecia in group I to IV. Eighty-finu 8-day-old F k h a  rats were 
injectedwith 1 x 1 6 ~ ~ 1 l c u l r a n i c c d l s ~ a n d n n d o ~ y d i v i d e d i n t o t b u r g r o u p . ~ r a t s w e r r  
mtcd 6 hours after cell injection for a total of seven comemrive days. Group I d v e d  0.1 ml of 
b*, group 11, ARA-C (20 mgkg per day); group III, ImuVert (25 &day); and group IV, ARA-C 
(20 m g k g x  day) and ImuVert (25 @day). Alopecia data were recorded on day 9 of the expaimnt 
(2 days ARA-C treatment was stopped). The inadence'of death from chloroleukemia in the four 
group is also shown. 

Alopecia* 
Death 
from 

chloro- 
0 1 + 2+ 3+ leukemia 

I (Controls) 21 21 0 0 0 21 
n (ARA-C) 23 o 3 4 16 21 
III (ImuVert) 20 20 0 0 0 11 
IV (ARA-C + ImuVm) 20 15 5 0 0 2 

T o  whom cormpondaKc should k Iddrcssed. 
~asLssttw50%hairloar,l+;modcn~scweabpodawithmorr 

ofhair, 3+. 
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Table 3. The occurrence of alopecia in rats treat
ed with DX and CTX; effect of ImuVert. In each 
experiment, 20 8-day-old rats were randomly 
divided into two groups. In experiment 1, group I 
received DX (2 mg/kg per day IP) for 7 days, and 
group II received DX in die same dose plus 
ImuVert (25 M-gftkv SC) for 7 days. Data were 
recorded on day 12 of the experiment (5 days 
after DX treatment was stopped). All 10 rats in 
group I developed complete alopecia over the 
head and proximal neck, while none of the rats in 
group II developed alopecia (see Fig. 3). In 
experiment 2, group I received CTX (25 mg/kg 
IP) as a single dose, and group II received the 
same dose of CTX plus ImuVert (25 |xg/day IP) 
for 7 days. The severity of alopecia was scored at 7 
days as described in the legend to Table 1. 

Fig. 3. Color photograph of three 
rats each from the DX-only group 
(group I) (left) and from the DX-
ImuVert combination group 
(group II) (right) taken on day 12 
of the experiment. Treatment 
schedule was as described in the 
legend to Table 2. ImuVert provid
ed complete protection against DX-
induced alopecia. 

I 

l\tktt1ijfc'Jr*|:i 
w^mmmm—mmmmmmmmmmmmm^mm—m^ 

0 

Experiment 1 
I (DX) 0 
II (DX + ImuVert) 10 

Experiment 2 
I (CTX) 0 
II (CTX + ImuVert) 0 

Alopecia 

1+ 

0 
0 

2 
2 

2+ 

0 
0 

4 
4 

3+ 

10 
0 

4 
4 

animals in both groups died rapidly after 
day 15 of the experiment. The apparent lack 
of protection from CTX-induced alopecia is 
not readily explained but strongly suggests 
that this agent causes alopecia by a mecha
nism distinct from that caused by ARA-C or 
DX. On the other hand, it is possible that 
further manipulation with dose and dosage 
scheduling could bring about protection 
against CTX-induced alopecia by ImuVert. 

The protection from alopecia by ImuVert 
is of extreme interest with respect to both 
molecular mechanisms and therapeutic po
tential. ImuVert is being developed as a 
therapeutic agent for cancer and is currently 

in phase II clinical trials for recurrent pri
mary brain tumors (16, 17). ImuVert is 
capable of activating macrophages in vitro, 
causing the release of a number of cytokines 
including interleukin-1, tumor necrosis fac
tor, interferon-gamma, prostaglandin E2, 
and granulocyte-macrophage colony-stimu
lating factor (18). It also augments the activ
ity of NK cells and cytotoxic T lymphocytes 
(19, 20). 

In a recent study we demonstrated the 
stimulation by ImuVert of a myeloid differ
entiation-inducing activity by monocytes 
(11). ImuVert was capable of aborting the 
development of chloroleukemia in 45% of 
young rats injected with a leukemia cell load 
(100% of the control animals died from 
leukemia) (11). On the basis of in vitro and 
in vivo studies, we postulated that ImuVert 
acted by increasing the level of endogenous 
differentiation-inducing activity leading to 
terminal differentiation of the injected leuke
mic cells (11). 

The mechanism of protection from che
motherapy-induced alopecia by ImuVert re
mains uncertain. It could be mediated by a 
single cytokine or could represent the sum-

S * 4 Fig. 2. Light microscopic sections of skin biopsies 
from rats, treated as in the legend to Table 1 and 
stained with hematoxylin and cosin, were taken 
on day 15 of the experiment. (A) From a rat in 
group I (control) showing an abundance of hair 
follicles. (B) From a rat in group II (ARA-C) 
with 3+ alopecia, showing a marked loss in the 
number of hair follicles with degenerative changes 
in the remaining ones. (C) From a rat in group IV 
(ARA-C + ImuVert) with no alopecia, demon
strating protection from ImuVert with an abun
dance of hair follicles and normal morphology 
similar to that of the control. 

mation effect of a number of cytokines. It is 
also likely that ImuVert protection of the 
hair follicles from ARA-C and DX occurs at 
some point in the S phase of the cell cycle, 
since both of these chemotherapeutic agents 
are cell cycle-specific and exert their action 
during DNA synthesis. It is of interest in 
this regard that ImuVert had no apparent 
protective effect on the chloroleukemia cells. 
On the contrary, the combination of ARA-
C + ImuVert had a synergistic effect in 
aborting the development of chloroleukemia 
in the rat model (Table 1). The 45% survival 
in the ImuVert-alone group confirms our 
previously published results (11). 

Whatever the mechanism, the virtually 
uniform and complete protection by Imu
Vert from alopecia due to two of the most 
commonly used chemotherapeutic agents, 
ARA-C and DX, in the rat model has excit
ing prospects for preventing alopecia in the 
clinical setting. The apparent antitumor ef
fect of ImuVert could offer an additional 
bonus in the cancer patient. Because Imu
Vert is already in phase II clinical trials, it 
should be feasible to examine these possibili
ties in the near future. 
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