
10-fold decline in CD4+ T cells that is 
typically seen in the course of AIDS, the 
frequency of infection in these cells is at least 
100-fold greater than in early seropositives. 
It is this high level of infection that may be 
the primary cause for the relentless and often 
accelerated decline in T4 cell number and 
hnction in patients with AIDS. 

Evidence is accumulating to support the 
theory that monocytes and macrophages, 
subsets of which exmess the CD4 molecule 
( IS ) ,  are involved in the pathogenesis of 
HIV-1 infection. It has been shown that 
monocytes can be infected in vitro with 
HIV- 1, and the virus can be isolated from or 
identified in monoaites obtained from the 
blood as well as from cells of monocvte 
lineage in the brain and alveolar macro- 
phages in the lung (16-18). Using PCR to 
examine highly enriched sorted monocytes 
from HIV-1-infected individuals, we have 
bund  that only a minority of such individ- 
uals have demonstrable HIV-1 in their pe- 
ripheral monocytes, whereas all have HIV-l  
DNA in their CD4+ T cells. One may 
theorize that unlike the CD4+ T cells and 
tissue macrophages, the relatively immature 
monocytes found in the peripheral blood are 
less susceptible to infection by HIV-1. 

Having determined that the CD4+ T cell 
is the primary cell in the peripheral blood 
that contains HIV-1, it will be important to 
determine what portion of these-cells con- 
tain latent HIV-1 exclusively and to try and 
identify those properties of HIV-1 that 
maintain it in a latent state. In this regard, 
PCR may be used to  amplify specific regula- 
tory regions of HIV-1 such as ncf (3'-orj) 
and to determine their level of transcription- 
al activation in difirent stages of infection 
in order to study factors that may control 
latency. 
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Antibody to Interleukin-5 Inhibits Helminth-Induced 
Eosinophilia in Mice 

When rodents are infected with the nematode Nippostrongylus brasiliensis, large 
numbers of eosinophils appear in their blood and lungs and their serum immunoglob- 
ulin E (IgE) is increased. Injection of a monoclonal antibody to interleukin-5 
completely suppressed the blood eosinophilia and the infiltration of eosinophils in the 
lungs of parasitixd mice but had no effect on serum IgE. In contrast, an antibody to 
interleukin-4 inhibited parasite-induced IgE but not the eosinophilia. These results 
show that interleukin-5 is important in eosinophil production in vivo and that IgE and 
eosinophil production are regulated by different cytokines produced by the TH2subset 
of CD4-expressing T cells. 

BLOOD ANI) TISSUE EOSINOPHILIA, 

large immunoglobul~n F, (IgE) re- 
sponses, and intestinal mastocytosis 

are characteristic of the mammalian host 
response to helminh parasites ( 1 ) .  ,411 three 
responses appear to be regulated by T lym-
phocytes since they do nor occur in athymic 

(2) or T cell-ciepleted animals (3). Both 
mouse and human mterleulun-5 (IL-5) 
have been shown to be potent and specific 
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Flg. 1. Inhibition of Nb-in- 140 

duced cosinophllia by anti- 
IL5. Twehre-week-old f c  9- 120 
male BALBIc mice were in- c 

3 
jected subcutaneously with .- 3 - l o o  
750 third-stage Nb larvae. - - - 
On the same day (day 0) 80 

som group of mice received f 
antibodies intraperitoneally. 60 - .- 
Animals were injected with s 
anti-IL-5 (TRFK-5) (2 mg 

40 E .- 
per moux), anti-IL-4 9 20 
(11B11) (10 mg per mouse) 
or an IgGl isotype-matched o 
c0ntrol (andbody GL113 K, Day: -7 3 7 11 14 -7 3 7 11 14 -7 3 7 11 14 -7 3 7 11 14 

B-gahtOsidase) (10 mg per Treated with: Anti-ILd Anti-IL-4 lgGl control No treatment 
nlouse) (16). Animals were 
bled h m  the rail vein on the days indicated and the eosinophils were counted in Discombps fluid on a 
h y (17). Data represent the mean (+ SD) eosinophil counts per milliliter in group of five 
mce. 

Table 1. Serum IgE levels were determined by an IgE-specific enzyme-linked immunosorbent assay 
(15). The results are from the same experiment as in Fig. 1. Given are the mean IgE levels in groups of 
h e  mice, with the SD in parentheses. 

Total serum IgE (~glml)  on days 
Treatment - 7 11 14 

No antibody 0.87 (0.43) 32.4 (9.7) 31.1 (11.2) 
Anti-IL-5 0.53 (0.34) 34.3 (19.9) 34.9 (20) 
Anti-IL-4 1.85 (0.83) 2.5 (1.6) 3.5 (2.4) 
IgGl control 1.15 (0.23) 12.0 (6.7) 24.8 (7.7) 

Flg. 2. Effect of anti-IL-5 on eosinophilic infiltration of lung. (A) Lung of a normal mouse (x40). (B) 
Lung removed from a mouse 14 days after injection with Nb showed extensive cellular infiltration 
( ~ 4 0 ) .  (C) Lung of a parasitized mouse [same as shown in (B)], viewed at higher magdcation 
(x400). Cellular infiltrates contained large numbers of cosinophils, which are distinguished from other 
cdls by a segmented nudeus and pink cytoplasmic granules. (D) Lung of a parasitized mouse treated 
with anti-IL-5 antibody ( ~ 4 0 0 ) .  Wright-Giemsa stain was used in (A) to (D). 

stimuli for eosinophil colony formation in with the intestinal nematode Nippostrongylus 
semisolid cultures (4) and for eosinophil brasilienris (Nb) have been extensively stud- 
growth and differentiation in liquid cultures ied as models of host responses to helminth 
(9. These findings suggested that IL-5 may parasites (6). We assessed the importance of 
be an important mediator of the eosinophil- I L 5  for blood and tissue eosinophilia and 
ic response to parasites. Rodents infected for the generation of eosinophil precursors 

by treating Nb-infected mice with a mono- 
clonal antibody specific for IL-5 (7). 

Inoculation of BALBIc mice with third- 
stage Nb larvae led to a 4- to 8-fold increase 
in blood eosinophils and a 25- to 100-fold 
increase in serum IgE levels. Both responses 
were rapid and reached a maximum by days 
11 to 14 (Fig. 1 and Table 1). No increases 
in eosinophil numbers were observed in 
animals that received 2 mg of TRFK-5, a 
monoclonal antibody to IL-5, and in most 
experiments the number of blood eosino- 
phils decreased fiom starting levels (Fig. 1). 
A monoclonal antibody to IL-4 (anti-IL-4) 
(8) and an isotype-matched control did not 
sigtllficantly reduce the number of circulat- 
ing eosinophils. Injection of antibody to IL- 
5 (anti-IG5) at 2 mg per mouse consistent- 
ly caused complete inhibition of eosinophil- 
ia, whereas injection at 0.25 mg per mouse 
caused substantial, but not total, inhibition 
(9). Total white blood cell counts increased 
less than twofold and was not correlated 
with either of the antibody treatments (9). 

In contrast to the above result, anti-IL-4, 
but not anti-IL-5, caused almost total inhi- 
bition of the parasite-induced elevation of 
IgE (Table 1). The inhibition of Nb-in- 
duced IgE by anti-IL-4 was reported earlier 
(lo), and our purpose here was to show that 
the lack of effect of anti-IL-4 on eosinophil- 
ia was not due to insufficient antibody. The 
inability of anti-IL-5 to inhibit the IgE 
response is consistent with experiments in 
viao which show that the induction of IgE 
by TH2 clones (which produce both IL-4 
and IL-5) (1 1) can be inhibited by anti-IL-4 
but not by anti-IL-5 (12). 

The effect of anti-IL-5 on eosinophil 
infiltration into the lung was similar to that 
on blood eosinophilia. Nippostrongylus brasi- 
liensis larvae pass through and molt in the 
lung during the first few days of infection. 
Histological examination of the lung 14 
days after challenge with Nb revealed nu- 
merous localized cellular infiltrates not seen 
in normal lung (Fig. 2, A and B). These 
infiltrates appeared as focal aggregates of 
monocytes, neutrophilic granulocytes, and 
eosinophils (Fig. 2C). Lungs of parasitized 
mice treated with anti-IL-5, anti-IL-4, or 
an isotype control were also highly infiltrat- 
ed. However, the foci formed in the animals 
treated with anti-IL-5 were virtually devoid 
of eosinophils (Fig. 2D). To quantitate 
these impressions, the average number of 
eosinophils per high-power field were 
counted in two lung sections from each of 
fbur mice. The results (mean * SD) were 
0.5 2 1.2 for anti-IL-5; 59 * 25 for anti- 
IG4; 48 * 15 for the isotype control; and 
63 k 31 when no antibody was used. None 
of the antibodies appeared to change the 
total number of localized infiltrates observed 
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or their monocyte and granulocyte content. 
Thus, IL-5 appears to be as essential for 
tissue eosinophilia as for blood eosinophilia. 

We proposed earlier that T cell-depen- 
dent elevations of IgE and eosinophils that 
typically accompany both atopic diseases 
and helminth parasite infections are regulat- 
ed by a combination of cytokines produced 
only by the TH2 subset of mouse CD4 
expressing T cells (13). On the basis of 
activities observed in vitro, IL-4 was pre- 
dicted to be the key factor responsible for 
the increase in IgE and IL-5 for the genera- 
tion of eosinophils. Our experiments show 
that IL-5 is essential in the eosinophilia 
induced by Nb and confirm that IL-4 is 
required for the IgE response to Nb (10). 
Thus, different secreted products of T H ~  
cells appear to regulate both the production 
of IgE and one of the cell types that uses IgE 
to confer specificity on its effector functions. 

Our results have been confirmed in mice 
infected with Schistosoma mansoni, in which 
both blood eosinophilia and eosinophil in- 
filtration of hepatic granulomas were inhib- 
ited by the antibody TRFK-5 (14). Both the 

extent of lung infiltration in Nb-infected 
mice and the number and size of hepatic 
granulomas in S. mansonCinfected mice 
were comparable in the groups treated with 
anti-IL-5 and with control antibody. The 
only difference in each case was that eosino- 
phils were virtually absent after treatment 
with anti-IL-5. These findings suggest that 
agents that specifically inhibit the synthesis 
or function of IL-5 may be useful in diseases 
in which eosinophil infiltration is promi- 
nent, such as bronchial asthma, tropical 
pulmonary eosinophilia, or hypereosinophi- 
lic syndrome. 
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