
We do not know whether nonrespon- 
siveness to the noninherited maternal class 
I1 antigens also exists. We found no evi- 
dence &at a DR incompatibility on the not 
inherited maternal haplotype increases the 
chance to develop nonresponsiveness to- 
ward the maternal class I antigens, as is 
suggested in neonatal tolerance in the mouse 
(12). 

Our findings raise a number of questions 
both of a fundamental and a practical char- 
acter. For instance, we do not know whether 
what holds true for antibody formation also 
holds true for T cell activation. It is also 
unknown whether patients who are not 
highly sensitized can be nonresponders 
against NIMA; that is, whether sensitization 
plays a role in activating a (latent) non- 
responder status. 

The guidelines for selecting organ or bone 
marrow donors should perhaps be reconsid- 
ered. Fifteen of the 26 patients studied 
showed B cell unresponsiveness against the 
NIMAs; therefore, about half of the patients 
mismatched for one (or sometimes two) 
HLA class I (and maybe also class I1 anti- 
gens), if these are identical to the NIMA, 
may have graft survival similar to that of 
HLA identical grafts. Thus a larger percent- 
age of patients could be provided with an 
organ or a bone marrow transplant with a 
better than average prognosis. 

It may now be insufficient to ask whether 
a disease, X, is significantly associated with a 
certain HLA antigen, Z, in the patient. 
Patients suffering from disease X, and who 
are HLA-Z negative, should be checked for 
tolerance to a NIMA. It then still remains to 
be established whether Z is necessarily the 
tolerating antigen. Such a hypothesis might 
be supported by observations that show a 
significantly decreased frequency of HLA- 
B5 in the mothers of patients suffering from 
rheumatic fever (13). Also, experiments in 
the mouse indicate that neonatal tolerance 
to MHC antigens alters the Ir gene control 
of the cytotoxic T cell response to vaccinia 
virus ( 14). 

In conclusion, the high frequency of NI- 
MAS among the permissible mismatches of 
highly sensitized patients suggests that the 
fetus cannot only immunize its mother (15, 
16), but that the mother can also induce 
partial, but lifelong, tolerance in some of her 
children. Further studies should reveal 
whether the nonresponsiveness is due to 
clonal deletion, suppressor cells, or other 
mechanisms. 

REFERENCES AND NOTES 

1. R. E. Billingham, L. Brent, P. B. Medawar, Nature 
172,603 (1953). 

2. J. W. Streilein and J. Klein,/. Immunol. 119, 2147 
(1977). 

30 SEPTEMBER 1988 

3. G. F. J. Hendriks et al., Scand. J ,  Urol. Nephrol. 92, 
81 (19851, and unpublished observations. 

4. F. H. J. Claas et al., Transpl. Proc., in press. 
5. F. H. J. Claas et al., unpublished observations. 
6. J. Bodmer and W. Bodmer, Immunol. Today 5, 251 

(1984). 
7. D. R. Jacoby, L. B. Olding, M. B. A. Oldstone, 

Adv. Immunol. 35, 157 (1984). 
8. X. Chardomens and M. Jeannet, Tissue Antigens 15, 

401 (1980). 
9. R. D. Owen et al., Proc. Natl. Acad. Sci. U . S . A .  40, 

420 (1954). 
10. J. W. Streilein, R. S. Gruchella, P. Wood, P. 

Strome, Ann. N . Y .  Acad. Sci. 392, 276 (1982). 
11. J. W. Streilein and R. S. Gtuchella, Immunogenetics 

12, 161 (1981). 
12. J. W. Streilein, Immunol. Rev. 46, 125 (1979). 
13. S. E. Read et al., Transpl. Proc. 9, 543 (1977). 
14. A. Miillbacher, R. V. Blanden, M. Brenan, J .  Exp.  

Med. 157, 1324 (1983). 
15. J .  J.  van Rood, J. G. Eernisse, A. van Leeuwen, 

Nature 181, 1735 (1958). 
16. R. Payne and M. R. Rolfs, 3. Clin. Invest. 37, 1756 

(1958). 
17. J. J. van Rood, in N I A I D  Manual of Tissue Typing 

Techniques, J .  G. Ray, D. B. Hare, P. D. Pedersen, 
D. I. Mullally, Eds. (National Institutes of Health, 
Bethesda, 1976), p. 81. 

18. J. W. Bruning et al., Human Immunol. 5,225 (1982). 
19. Supported by the Dutch Foundation for Medical 

and Health Research (MEDIGON) and the J. A. 
Cohen Institute for Radiopathology and Radiation 
Protection (IRS) (grant no. 3.3.1). The Eurotrans- 
plant Foundation gave logistic support and we 
thank the dialysis centers for their help in contacting 
the parents of the patients. 

29 April 1988; accepted 18 August 1988 

Hyperthermia Protects Against Light Damage in the 
Rat Retina 

An increase in the synthesis of heat shock proteins that is induced in cells in vitro by 
hyperthermia or other types of metabolic stress correlates with enhanced cell survival 
upon further stress. To determine if a similar increase in stress tolerance could be 
elicited in vivo, rats were made hyperthermic, and then their retinas were tested for 
sensitivity to light damage. This treatment resulted in a marked decrease in photo- 
receptor degeneration after exposure to bright light as compared to normothermic 
animals. Concomitant with such protection was an increase in retinal synthesis of three 
heat shock proteins. Thus, a physiological rise in body temperature enhances the stress 
tolerance of nerve tissue, perhaps by increasing heat shock protein production. 

ANY ORGANISMS PRODUCE A 

family of "heat shock" or "stress" 
proteins (HSPs) after hyperther- 

mia (1-3). The production of HSPs corre- 
lates with the acquisition of tolerance to a 
wide variety of stressors in cultured cells and 
tissues (2, 4-7). For example, exposure of 
cells to a mild heat challenge greatly en- 
hances cell survival after a subsequent, and 
what would otherwise be a lethal, elevation 
in temperature (4-7). This protective effect, 
referred to as acquired thermotolerance, is 
correlated with the expression of the HSPs. 
In the central nervous system (CNS), the 
stress response may be of crucial importance 
to the outcome of injury if it is involved in 
cell survival. This response is a general fea- 
ture of CNS reaction to injury, since HSP 
production is elevated by D-lysergic acid 
diethylamide (LSD) (8), hyperthermia (9, 
lo), ischemia (1 I), sodium arsenite (12), 
surgical cutting (13), and concussive injury 
(14). We have begun to explore this re- 
sponse by using the retina as a model for the 
CNS. Prolonged or excessive exposure of 
the retina to light results in irreversible 
damage to the photoreceptor cells (15-18). 

enhanced stress tolerance, then perhaps pri- 
or hyperthermia in the rat could reduce 
death of photoreceptor cells caused by sub- 
sequent exposure to bright light, and thus 
reduce damage to the retina. We report here 
that a brief period of hyperthermia before 
light exposure significantly reduced photo- 
receptor degeneration while it stimulated 
HSP production. 

w e  and another group have shown that 
production of one or more HSPs can be 
stimulated in the retina after a brief period 
of heat stress and that the pattern o i  these 
newly synthesized retinal HSPs as revealed 
by two-dimensional gel electrophoresis was 
very similar to that reported in other systems 
(9, 10). This procedure, combined with a 
well-established protocol for quantitation of 
light damage in the rat retina (15-17, 19), 
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Flg. 1. (A )  Light micrographs sho\\itig the dura- 
tion of  hypertliermia-in~luccd inhibition of retinal 

h* light damage. Pentoharbital-anesthetized rats ( 3 5  
mg pcr k~logram of body \\eight) \verc hear 
srre~sed by placing each one in J chamber with 
circulating air at 41" to 42°C until their rectal 
bod! temperatures meagured 41°C for 15 mtn 
(10) E ~ g h t  g r o u p  of  four of  these adult male rats 
were treated a$ follon s room temperature (no  
heat qtress, control) \\ ~ t h  6 4  1u\ of ltght (a), I ~ g h t  

- ~ ; s i ; k i ~ ~ &  c ~ p o s e d  at 0 (h) ,  2 (c), 4 (d) .  1 0  (ci, 18 (fl, 2 5  
C - C' 

Y- (g) ,  o r  50 (h)  hours after the hear treatment The 
h * ' ICICI of ~l lum~nance used to  test for protectton 

trom damaee \\ as 2690 ILL\ for 24 hours tn a 30°C 
chamher ( I ; ) .  All rats were killed after 2 \veeks of  being kept under control conhtions. The eyes upere removed, placed in Bouin's tisative for 5 hours, and 
routinely processed for parafin embedding and light microscopy. Retinas \Yere secrio~red on  the anterior-posterior asis. The retinas tvere stained ~ v i t h  
hematosylin and eosin. and all micrographs \\.ere made at a magnification ( x 4 0 0 )  of retinal area 4, \\.hich is 2 nim from the peripheral edge of  the supcrior 
temporal retina, as defined in (19). The rctinal layers \\.ere labeled as follows: RGC, retinal ganglion cell layer; IPL, inncr plcsiform layer; INL, inner nuclear 
layer; ONL, outer nuclear lagcr; and OS, outer segments. The lamer nvo layers represent primarily the photoreceptors and were the ones in which the effects 
of the heat and light treatments could be best v~sualizcd as changcs in layer thichcss. Arro\r.s in panels b. c. d, and 11 indicate O S L .  ( B )  Quantitative 
documentation of the changes in photoreceptor sensitivin to  lipht damage as a function of  the inrenal benveen hyperrhermia and light exposure. The 
thickness of the O S L  relater directly to the number of suniving photoreceptors (15, 16). T o  measure O S L  thickness. retinas were collecrcd from rats treated 
as dcscrilxd in (A)  and processed for light microscop! in an idcnt~cal manner. Measurements o f  the O S L  in cach rctina were made at regularly spaced sites 
ranging from the superior t o  the inferior retina. as described by O'Stcen rt 01. ( 19). Each bar rcprescnts the mean (?SE&I) of four rats. The data nTrc analyzed 
by r~vo-\vay analysis of  variance, and ~i~gniticant differences hcnvccn groups \\,ere determined by the Neuman-Kculs test. +0.05 > P > 0.01; '+P < 0.01 
compared to control. 

Fig. 2. (A)  Esamplcs of  the effect o f  different A 
le\.cls and p e r i d s  of  hyperthermia on  retinal 1 2.0 

protein synthesis, sho~vn b!, fluorography (20) of kD HSPllO 
1.5 

samples of  ["S]mcthioninc-lahcled retinas ana- 205- '  
I\.zcd on  a 6 to  19% polyacnlamide gradicnt SDS .- c 1.0 

+ gel (21). The hgperthermir treatments in each lane 1 , , 1 , ,  / ., ,,. ,, u 
\vere: 1, 42'C for 1 5  rnin; 2, 4 I0C f i ~ r  1 5  min; 3, 9 7 - ; . . . ~ . , . ~  ,.., 1 .,,: ,., .,. P I I O  m 0.5 
40°C for 6 0  min; 4,40°C for 3 0  min; 5.40°C for P74 

15 min; 6, 39°C for 6 0  min; and 7, 39°C for 3 0  66-*-' *"" ..-. "'7""' "' 

P64 .: O.O 

min. 1,ane X is a normorhcrmic control animal. f 4 1.5 
The positions of  the three major HSPs and their 45-  + * -A - 
corresponding appro~imate molecular s i x  in kilo- 

@ * & 
$ 1.0 

. a 
.- 

dalrotis arc indicated on  the right. and actin (A) is 29- - - 
2 0.5 

indicated also to  s e n e  as a rcti.rcncc point. Only E 
the nvo highest levels of liypcrrhermia caused significant increases in HSP synthcsis. Thus, thcrc a 0.0 
appeared to bc a threshold bcnveen 40" and 42°C; that must hc escccdcci to  promote a detectable 9 
increase in HSP synthesis. Even esposurcs t o  lotver temperanlrcs for u p  to  an hour \\-ere inefictive in E 1.5 
triggering the response [densitomctric analysis in ( R ) ] .  Se\vly synthesized rctinal proteins \vcrc laheled .g 
in vtvo by an intravitreal injection of  200 pCi of ["Slmcthionine 4 hours aftcr the hyperthermic l.0 
trcatrncnt. T\\.o hours after the injection. the rats a c r c  crhcri7ed. decapitated, and the retinas \\,ere 
collected by estntsion ( 101. Each retina \ v a  prepared for gel clcctrophoresis by homogenization in 400 

0.5 

~ I o f a  solution containing 2% SDS, 8.11 urea, and 2% p-mcrcaptoethanol; this procedure \vas folloned 0.0 
hy rrituration several times. first through a 21-gauge needle and then a 27-gauge .educe Control 3'3 10 41 42 
viscosih. Total labeled protein tn each liomopcnatc was nieasurcd by liquid sciritillar ~ m e t n  Temperature ("C) 
(22) so  that equivalent .mounts of labclcd protein from each retina coulil hc loaded 01 t lanes 
of the polyacnlamide gel. Immcdiatcly hcforc clcctrophoresis. each sample was clarifit fugation at 20.00Oq for 30  min. (B) 1)cnsirornctric analysis 
ofretinal HSP syntlicsis in rctinal samples from rats treated as described in (A).  All three o t  the rctinal HSPs \\-ere synthcsixd at significantly elevated levels 
only aftcr a rise in bodv temprantre to 41" or  42°C for 15 min. Lo\\.er temperatures and longer esposure periods \vcre ineffective. To control for interretinal 
variation in the absolute amount of  ["S]rnethioninc incorporated into nc\vly synthesi7xd retinal proteins, the densit\. ofeach HSP band (its peak height in the 
densitomctric scan) was divided by the densiy of  the actin hand in the same sample. The means and SE&ls of  these ratios of  each H S P  band densin to the ac- 
tin band dcnsi? arc represented in the graph. The use of  actin as an iliternal standard for ["S]mcthionine incorporation is justified hecause the synthesis of  la- 
beled actin \vas not altered by the hgpcrthcrmia (10). The numhcr of  animals (pairs of retinas) analyzed for each condition \\.ere: Control, 4; 39'C for 30  min, 
4; 39°C for 6 0  min. 5; 40°C for 15 min. 4 ;  40°C for 30  min, 4; 40°C for 6 0  min, 4; 41°C for 15 min, 7; and 42°C for 15 min, 8. Statistical analysis was done 
as described in (A) .  '0.05 > I' > 0.01; '"P < 0.01 comparcd t o  control. 
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made it possible to determine if a brief 
~eriod of hv~erthermia could reduce or 

2 I 

prevent light-induced photoreceptor cell 
loss, while at the same time elevating HSP 
production. The body temperatures of rats 
were raised to 41°C for 15 min, and then the 
animals were exposed to bright light at 
increasing time intervals after the hyperther- 
mia. TW; weeks after the light exposure, 
when all the irreparably damaged photore- 
ceptor~ were cleared from the retina (I@, 
thi eyes were removed and processed for 
light microscopy. Examination of the outer 
nuclear layer of the photoreceptors in each 
pair of eyes showed that they were sigrufi- 
cantly protected against damage when the 
hyperthermia preceded the light exposure by 
10 to 24 hours (Fig. 1A). At 18 hours after 
hyperthermia, the r-etinas of the rats exposed 
to the bright light were completely protect- 

Fig. 3. A representative Retina 
protein immunoblot of HS C HSp 
heat-stressed (HS) and 
control (C) retinal ho- 
mogenates, and purified 
HSP72 (HSP) from 
HeLa cells (23) reacted 
with a monoclonal anti- 
body specific for the 
stress-inducible form of 
HSP70. This blot con- 
firmed that HSP64 was 
immunologically identi- 
cal to the HeLa cell in- 

- I 

ducible HSP72 de- 
scribed by Welch et al. 
(24). The slight differ- 
ence in apparent electro- 
phoretic mobity may 
reflect minor interspecies 
variation in amino acid 
composition. In addi- 
tion, under the condi- 
tions used here, HSP72 

I 
ran with an apparent molecular size of about 66 to 
68 kD; this increase in electrophoretic mobility is 
probably a result of the increased unfolding of the 
protein caused by the inclusion of 8M urea in the 
electrophoresis sample solution (25). By the same 
reasoning, we suspect that the retinal HSP74 is 
identical to HSP83-90 (24,26). Homogenates of 
retinal proteins and the purified HeLa HSP72 
were prepared and analyzed by gel electrophoresis 
as desuibed in Fig. 2A. The proteins in the gel 
were transferred to  nitcocellulose (27), and the 
blots were incubated with the monoclonal immu- 
noglobulin G (I@) aikity-purified antibody to 
HSP72 [C92F3A-5, diluted 1: 500 with 2% bo- 
vine serum albumin in phosphate-buffered saline; 
antibody was characterized by Welch and Suhan 
(23)] overnight at 4"C, and then washed in lTBS 
(0.05% Tween-20 in 50 mM ais-buffered saline, 
pH 7.4). A biotinylated rat-adsorbed goat anti- 
body to mouse IgG was used as the secondary 
antibodv. Bound antibody was detected by using 
an avid&-biotin alkaline p'hosphatase or horseraz 
ish oeroxidase detection svstem (Vectastain ABC-  or ABC-HRP; vectbr Lakratories). Con- 
trols included substituting horse serum or an 
unrelated IgG for the primary antibody and were 
always negative. 
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ed fiom damage, being statistically indistin- 
guishable from those of the control rats 
(Fig. 1, A and B). By 50 hours after hyper- 
thermia, however, the protection had waned 
sigdicantly (Fig. 1, A and B). 

If the greater resistance of the retina to 
damage is related to the HSPs, then the 
synthesis of those proteins should be in- 
creased and they should accumulate in the 
retina. To examine the effect of hyperther- 
mia on protein synthesis, the retinas were 
labeled in vivo by intraocular injections of 
[35S]methionine 4 hours after a range of 
hyperthennic treatments and analyzed by 
one-dimensional gel electrophoresis. An ex- 
ample of the fluorographs of the gels shown 
in Fig. 2A (2&22) illustrates that the syn- 
thesis of the three HSPs increased in the 
animals heated to 41" or 42°C for 15 min. 
Densitometric analyses of those and repli- 
cate fluorographs confirmed that 41°C for 
15 min was the threshold temperature treat- 
ment needed to elicit significant increases in 
the synthesis of all three of the previously 
described (10) retinal HSPs (Fig. 2B). Body 
temperature increases below that, even for 
up to 60 rnin, failed to produce a detectable 
rise in the synthesis of any of the HSPs. 

In another set of animals, the accumula- 
tion of total HSP64 in the retina 24 hours 
after hyperthermia was analyzed by using 
protein immunoblots of polyacrylamide gels 
of retinal homogenates. The blots were 
probed with a monoclonal antibody to the 
72-kD inducible HSP derived from HeLa 
cells (HSP72) (23). In addition, a sample of 
the purified HeLa cell HSP72 was run on 
the same gel to serve as a positive control for 
the immunodetection procedure. Only the 
64-kD retinal protein was recognized by the 
antibody, and it had a similar electrophoret- 
ic mobity as the purified HSP72 (Fig. 3) 
(2427). Furthermore, the amount of immu- 
noreactive protein in the retina of heat- 
stressed rat was greater than that in the 
control, illustrating that hyperthermia did 
increase retinal content of HSP. Densito- 
metric analyses of a series of similar protein 
immunoblots of retinas collected at various 
times after hyperthermia are summarized in 
Fig. 4. These results indicate that retinal 
HSP content was maximal 18 hours after 
the hyperthermic stress, the same time at 
which maximal protection against light 
damage was observed. 

Our results show that a brief period of 
hyperthermia in the whole animal alters the 
cells of the retina so that they are more 
resistant to subsequent damage. The time 
after the hyperthermia for the cells to be- 
come maximally resistant to stress is consist- 
ent with the hypothesis that the cells are 
synthesizing and accumulating some new 
proteins that help to prevent the subsequent 

Fig. 4. Densitometric analysis of immunoblots of 
retinas showing that the rise and fall of total 
retinal HSP64 with t h e  after hyperthermia paral- 
lels the rise and fall of protection of the retina 
from light damage (Fig. 1). Pairs of retinas were 
collected &om control rats (C) and from those 
subjected to heat stress to 42°C for 15 min at 4, 
18, or 50 hours before collection. Retinas were 
processed as described in Fig. 2A. The number of 
rats per group is shown within the bottom of each 
bar, and each retinal sample was analyzed in 
triplicate. The data for each pair of eyes per rat 
were combined to yield a mean value for each rat 
and those means were used to calculate the SEMs 
shown in the graph. The group means were 
compared by a one-way analysis of variance and 
individual differences were detected by the least 
squares difference test. *P < 0.05 compared to all 
other groups; **P < 0.01 compared to control 
and to 4 hours after heat stress group. Optical 
density expressed in arbitrary units. 

damage. The most prominent change in 
protein synthesis that is occurring during 
the period after hyperthermia is the increase 
in HSP synthesis. When considered in con- 
junction with other observations in cultured 
cells showing a strong correlation between 
HSP synthesis and subsequent stress toler- 
ance (47), this result provides further sup  
port for the hypothesis that it is the elevated 
production of the HSPs that makes the 
retinal cells more resistant to the light-in- 
duced damage. Since the retina represents 
an extension of the CNS, we suggest that 
our results linking HSP synthesis and stress 
tolerance may be generally applicable to the 
entire CNS. Furthermore, HSPs produced 
by &a at a site of stress can be transferred 
directly to axons (28), thereby providing a 
route of rapid delivery of these proteins to 
parts of a neuron distant from the protein- 
synthesizing soma. Thus, by enhancing the 
production of HSPs in the nervous system, 
it may be possible to reduce the irreplaceable 
loss of nerve cells and their dendrites and 
axons that occurs after physical injury, dis- 
ease, or exposure to toxins. 
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Human IL-3 and GM-CSF Act Synergistically 
in Stimulating Hematopoiesis in Primates 

Interleukin-3 (IL-3) is a member of a family of  growth factors, each of which supports 
the proliferation and development of hematopoietic precursors in culture. Although 
the biologic effects of the different hematopoietic growth factors have been well 
documented in different culture systems, it has only recently become possible to study 
the activities of these molecules in vivo. In comparison with the later acting hematopoi- 
etic growth factors granulocyte-macrophage colony-stimulating factor (GM-CSF) and 
granulocyte colony-stimulating factor, IL-3 elicited a delayed and relatively modest 
leukocytosis when continuously infused intravenously in primates. The IL-3 infusion, 
however, greatly potentiated the responsiveness of &e a-a1 to subsequent adminis- 
tration of a low dose of GM-CSF. These results suggest that IL-3 expands an early cell 
population in vivo that subsequently requires the action of a later acting factor such as 
GM-CSF to complete its development. Optimal stimulation of hematopoiesis may be 
achieved with combinations of hematopoietic growth factors. 

I NTERLEUKIN-3 (IL-3) (I), ALSO 

known as multilineage colony-stimulat- 
ing factor (multi-CSF), is a member of 

a complex network of interactive cytokines 
that play an important role in regulating the 
hematopoietic and immune systems (2). 
Previous studies have shown that IL-3 inter- 
acts with early progenitor cells common to 
most if not all of the myeloid cell lineages 
(3-7). We, as well as others, have reported 
on the effects of GM-CSF (8, 9) and granu- 
locyte colony-stimulating factor (G-CSF) 

(10) in nonhuman primates. We now report 
the effects of IL-3 alone and in combination 
with GM-CSF on hematopoiesis. 

Continuous intravenous infusion of 
recombinant human IL-3 expressed either in 
mammalian cells or bacteria, at a rate of 20 
pg kg-' day-', elicited a modest and de- 
layed leukocytosis in normal macaques (Fig. 
1). Typically, the white cell counts increased 
gradually during the 7-day inhsion from a 
mean baseline of 7,750 cells per microliter 
(range 6,000 to 8,000) to a mean maximum 
of 17.000 (range 12.000 to 26.000). 1 to 3 , \ " ,  , ,, 

R. E. Donahue, J. Seehra, M. Metzger, D. Lefebvre, B, after the treatment in 
Rock, S. Carbone, M. Garnick, D. Laston, E. LaVallie, J. four animals. The increase in leukocyte 
McCoy, P. F. Schendel, C. Norton, K. Turner, Y.-C. 
Yang, S. C. Clark, Genetics Institute, 87 Cambridgepark was ~~~~~~~~~~~y due increased 
Drive, Cambridge, MA 02140. levels of neutrophils, eosinophils, and lym- 
D. G. Nathan, Children's Hospital, Boston, MA 02115. 
P. K. Sehgal, New England Regional Primate Research ph0ves, and an unusual population of 
Center, Southborough, MA 01722. leukocytes containing toluidine blue-stain- 

ing granules (Fig. 2). Although toluidine 
blue staining is characteristic of normal ba- 
sophilic granulocytes, the morphology of 
these cells is atypical in that they are hypo- 
granulated and have a more d i ~ s e  chroma- 

Flg. 1. Effects of continuous infusion of human 
IL-3 on the levels of circulating blood cells in the 
cynomolgus macaque (Macaca fasiculavis). The IL- 
3 was continuously infused intravenously for 7 
days in four different animals (21). Daily blood 
samples were drawn for complete and differential 
blood cell count analysis. The results from the 
sample drawn immediately before the infusion 
was started are indicated as day 0. The data 
represent the actual values for (A) complete white 
blood cell, (6) platelet, and (C) corrected reticu- 
locyte counts for four different animals, each 
infused with IL-3 at the rate of 20 kg kg-' day-'. 
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