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The  role of  L3T4' and Lyt-2+ T cells in protective 
immunity to Nippostrongylus brasiliensis (Nb) was 
studied in BALB/c mice that were  depleted  of either 
the L3T4' or Lyt-2' T cell population by injection 
with rat mAb specific  for the appropriate determi- 
nant. Host responses to Nb infection  including spon- 
taneous elimination of adult worms,  development 
of intestinal mucosal mast cell hyperplasia and the 
generation of a polyclonal IgE response were all 
completely  blocked by 0.5 mg anti-L3T4 antibody 
administered simultaneously with Nb inoculation. 
However, administration of 0.5 mg  of anti-Lyt-2 an- 
tibody at  the same time and 7 days  after inoculation 
with Nb had no effect on any of these responses. 
Injection of anti-L3T4 antibody as late as 9 days 
after Nb inoculation interfered with spontaneous 
cure of Nb infection and anti-L3T4 antibody injec- 
tion 11 days  after Nb inoculation inhibited serum 
IgE levels measured on day 13 by 50%. In addition, 
administration of anti-L3T4 antibody at  the time of 
the peak serum IgE response, 13 days  after Nb in- 
oculation, accelerated the decline  in serum IgE  lev- 
els. Injection of previously  Nb-infected  mice with 
anti-L3T4 antibody at  the time of a second Nb in- 
oculation prevented the development of a secondary 
IgE response but did not affect immunity to Nb 
infection based on finding no adult worms  in the 
intestines of these mice. These data indicate that 1) 
L3T4' T cells are required for spontaneous cure of 
Nb infection, development of intestinal mucosal 
mast cell hyperplasia, and the generation and per- 
sistence of an IgE response during primary infection 
with Nb and 2) L3T4' T cells are required  for a 
considerable time after inoculation for  optimal  de- 
velopment of these responses. However, L3T4' T 
cells are not required  for all protective responses in 
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immune  mice. In contrast, our data indicate that 
considerable depletion of the Lyt-2' T cell  popula- 
tion has no significant effect on either worm expul- 
sion or the generation of serum IgE responses. 

Intestinal  helminthic  infections of rodents lead to the 
development of intestinal  mastocytosis, eosinophilia, and 
an IgE response  (1-10). Primary infections of normal 
mice are generally self-limiting because  adult worms are 
eliminated  spontaneously from the  intestines  (sponta- 
neous  cure)  (1 1). The protective immune  responses  in- 
duced by helminths  are  dependent on T lymphocytes: no 
IgE secretion  or  intestinal  mast cell response is seen in 
parasite-infected congenitally athymic  (nude) mice, and 
these mice, when  infected, chronically harbor  adult 
worms in their  intestines  (12-  14).  The  function of T cell 
subpopulations  in the  spontaneous  cure of adult  worms, 
however, is less  clear.  Partial  immunity  against Trichi- 
nella spiralis can be transferred  in vivo with  immune T 
cells. This  immunity is dependent on the presence of 
L3T4' but  not  on the presence of Lyt-2' T lymphocytes 
(1 5). Class I1 MHC restricted L3T4+ "helper/inducer" T 
cells regulate IgE responses by at least two mechanisms: 
1)  they secrete IgE binding factors,  which, depending on 
their degree of glycosylation, can  stimulate or suppress 
IgE responses (16, 17):  and 2) they  can  secrete  the lym- 
phokine, IL-4 (18).  which has a stimulatory effect on IgE 
responses (19,20). Both  IL-4 and  another T cell-produced 
lymphokine, IL-3, have been implicated in the develop- 
ment of intestinal  mastocytosis  (21-26). 

Herein we have used mAb that kill  L3T4+ or Lyt-2+ T 
cells in vivo to  examine IgE production, IMMC4 hyperpla- 
sia,  and  spontaneous  cure  in mice infected with the 
nematode  parasite Nb. The  results  indicate  that L3T4+ T 
cells play an important role in  spontaneous  cure of a 
primary infection with Nb, but  T cells are not required to 
prevent the  establishment of a  secondary  intestinal  in- 
fection with Nb. T cell help is required in Nb-infected 
mice throughout the period of infection and until IgE 
secretion has commenced to generate  a maximum IgE 
response.  Furthermore, the continued  presence of helper 
T cells is necessary for the persistence of high serum IgE 
levels after  parasite  elimination. 

MATERIALS AND METHODS 

Animals. Six-week-old  female BALB/c and  male  C57Bl/mice  were 
purchased  from  The  Jackson  Laboratory.  Bar  Harbor. ME and  were 

Abbrevlations used in  this  paper: 1°C. intestinal  mucosal  mast cell: 
GaMr. affinity purified goat antibody  specific  for  mouse IgE: MLN. mes- 
enteric  lymph node: Nb. Nippostrongylus  brasillensls: s, surface: VCU. 
villous-crypt unit. 
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used a t  8 to  20 wk of age. 
parasites. Nb (the United States National Museum Helminthol- 

ogical Collection no. 79845.  specimens  on file at  the United States 
National parasite Collection, Beltsville. MD), that  had been adapted 
to mice, were maintained  and  passed in our laboratory in C57BL/6 
mice (9). BALB/c mice were  inoculated S.C. with  700  third-stage 
larvae of  Nb and were killed 13 days  after inoculation (primary Nb 
infection).  Secondary Nb infections were  examined in BALB/c mice 
that  had received a n  inoculation  with 700  third-stage  larvae  and 
were  re-inoculated S.C. with 700 third  stage  larvae  29  to  42  days 
after  the  first inoculation. Mice were killed 7 days  after re-inocula- 
tion. 

GK 1.5  (anti-L3T4a)  (27)  and  2.43  (anti-Lyt-2)  (28) were a gift of Dr. 
T cell speclfic mAb. Hybridomas that  secrete  the  rat IgG2b mAb 

Frank Fitch.  University of Chicago, Chicago, 11. The  hybridomas 
were  grown  i.p. in  pristane primed nude mice, and  the  antibodies 
were purified from ascites by (NH&S04 precipitation. DEAE-cellu- 
lose ion exchange  chromatography  and  Sephadex  G200 gel filtration. 
Mice received 0.5 mg  of the  appropriate purified  antibody by i.v. 
injection a t  times indicated in the  tables  for  different  experiments. 

Analysis of cell number. Single cell suspensions of MLN and 
spleens were depleted of erythrocytes  with  ammonium chloride lys- 
ing  buffer (M.A. Bioproducts, Walkersville, MD) and cell numbers 
were  determined  with a Coulter Counter (9). 

suspensions prepared from MLN or spleens were stained with FITC- 
Immunofluorescence  staining for  cell surface  Ag. Single cell 

labeled antibodies. When the  staining  reagent  was a n  intact Ig 
molecule. the  rat IgG2a anti-mouse B  lymphocyte IgFcR  MaB, 24G2 
(29)  was included to prevent FcR binding. For 1gER binding studies 
MLN or spleen cells  were incubated  with  saturating  concentrations 
of  DIBADL (bis (a-bromacetyl-e-DNP-lys-pro)2 ethylenediamine)  cross 
-linked IgE dimers  (2 x 10" M) (30). To quantitate bound IgE, cells 
incubated with IgE dimers were stained with FITC-labeled affinity 
purified goat antibody  specific for mouse IgE. Cells were then  ana- 
lyzed for surface fluorescence by flow microfluorometry with a FACS 
I1 (Becton Dickinson FACS Systems.  Sunnyvale, CA). The  percent- 
ages of specifically stained cells and  the median  fluorescence inten- 
sities  (median  brightness) of positive cells  were  determined (30). 

previously described (9).  Intact molecules of affinity purified goat 
Antibodies. The  preparation of F(ab'), fragments of  RaMc was 

anti-mouse IgE were  prepared as was described for RaMc (9).  Tech- 
niques for the  preparation of F(ab'),  fragments of rabbit  anti-mouse 
IgD. rabbit  anti-mouse IgM. and a control rabbit antibody  have  been 
described (31).  The anti-1-Ad  mAb MKD6 (32)  was a gift of Dr. James 
J .  Mond, Uniformed Services  University of the Health Sciences, 
Bethesda. MD. FITC-labeled anti-Thy-1.2 antibody was  purchased 
from Becton Dickinson.  Mountain View, CA. CBPC-101 a monoclonal 
mouse lgG2a that  lacks  known antibody  activity was a gift of  Dr. 
Michael Potter, National Institutes of Health,  Bethesda, MD. Anti- 
bodies were labeled with FITC (Calbiochem-Behring, San Diego, CA) 
to molar  ratios of 2.0  to  4.7. 

Fluorescence  statningfor  intracytoplasmic IgE. Aliquots of MLN 
or splenic  mononuclear cells  were mixed with  chicken  erythrocytes 
a t  a 250/1  ratio  and were  centrifuged onto glass slides  with a 
Shandon  Southern cytocentrifuge.  Slides  were  air-dried. fixed in 
methanol,  and  stained  with FITC-labeled F(ab'), of RaMr. The  num- 
ber of intracytoplasmic IgE+ cells/100  chicken cells (25,000 lymph- 
oid cells) was determined by fluorescence microscopy using a Leitz 
Ortholux phase  contrast/fluorescence microscope (33). 

Determination of serum IgE leuels. Serum IgE levels were deter- 
mined by ELISA (33). 

Determination of intestinal  worm  burden. The  small  intestines 
of infected mice were split in warm  saline  and  incubated  at 37°C for 

adult worms was determined by inspection under a dissecting mi- 
2 to 4  h. Intestinal  tissue  was  then removed, and  the  number of 

croscope. 

processed by the Swiss-roll technique, fixed in Carnoy's fixative, 
Quantitation of IMMC. Pieces of small  intestines (5 to 7 cm) were 

blocked in  paraffin,  and processed histologically by standard  tech- 

alcian blue.  For quantitative  purposes all cells stained  with  alcian 
niques. Sections prepared  from these  specimens were stained with 

blue  were mciroscopically counted  on a VCU. A total of 20 VCU/ 
mouse were counted in several  fields  selected at  random,  and  the 
results were presented as the  mean  number of mast cells (+SD)/20 
vcu (34). 
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ally treated  or were injected i.v. with  anti-L3T4 antibody 
at  the  same time and 7 days after inoculation with Nb; 
control  uninfected mice  received either no treatment or 
two injections  with  anti-L3T4. All mice were killed con- 
currently 13 days  after Nb inoculation. Anti-L3T4 anti- 
body treatment caused  a  small  decrease in the  number 
of MLN cells detected in uninfected mice, and inhibited 
the  increase  in MLN cells that is characteristically  in- 
duced by infection with Nb (Table I). Anti-L3T4 antibody 
had  a  similar effect on spleen cells (data not shown).  The 
effect of anti-L3T4  antibody on L3T4' spleen and MLN 
cells was  studied by determining  differences between 
percentages of Thy-1.2' cells and Lyt-2+ cells. This indi- 
rect  approach  was  necessitated by the observation that 
injection of mice with the  rat anti-L3T4 mAb  GK1.5 
modulates L3T4 Ag from L3T4' T cells before it kills 
these cells, so that  these cells,  although still present,  are 
not stained by  FITC-labeled anti-L3T4 antibody or anti- 
rat Ig antibody (F. D. Finkelman,  unpublished data). Im- 
munofluorescence staining  and flow microfluorometry 
analysis  demonstrated that injection of mice with anti- 
L3T4 antibody eliminated the  great majority of L3T4' 
MLN cells by 3 days  after injection (data not shown),  and 
that  numbers of these cells were still greatly depleted 
days  after a second injection (Table I). The Lyt-2'  cell 
population, which comprised 30% of the total MLN T cell 
(Thy-1.2') population in control mice and  28% of the total 
MLN Thy-1.2' population in mice infected with Nb, ac- 
counted for 9 1 % of Thy- 1.2' MLN cells in both anti-L3T4 
antibody-treated  uninfected mice and in anti-L3T4  anti- 
body-treated Nb-infected mice (Table I). 

Effects of anti-L3T4  treatment  on B cell expression 
of sla and  on  appearance of cytophilic s lgE.  Infection 
of mice with Nb leads to increases in the  quantity of sIa 
and IgER expressed by B cells as well as in  the percentage 
of MLN and spleen cells that bear cytophilic sIgE (9, 30). 
These  changes were markedly  inhibited by anti-L3T4 
antibody treatment (Table 11). Increases in the percent- 
ages of sIgM+, sIa', and IgER' cells were seen in infected, 
anti-L3T4  antibody-treated mice and probably resulted, 
at least in part, from increase in th percentage of B cells 
secondary  to the elimination of the large MLN L3T4' 
lymphocyte population. However, the  increase in the me- 
dian  fluorescence  intensity (average brightness) of sIa+ 
and IgER+ cells, a measure of the  number of sIa and IgER 
molecules per sIa+ and IgER+ lymphocytes, was inhibited 
in mice inoculated with Nb and treated with anti-L3T4 
antibody. Thus,  the  increases in B cell sIa expression, 
IgER expression, and cytophilic sIgE that characteristi- 

TABLE I 
Effect of anti-L3T4 treatment on MLN cell number and 

cell surface markers" 
Nb Anti 

+ + 43.5 44.0 39.9 a 

RESULTS 

Eflects of anti-L3T4  antibody  treatment of total cell 
numbers  and cell surface  markers in mesenteric  lymph 
nodes of control and  Nb-infected  mice. BALB/c mice 
infected with Nb (three/group) were either not addition- 

A group of uninfected and a group of Nb-infected  mice  received  i.v. 0.5 
Three mice/group  were  inoculated  with 700 third stage larvae of Nb. 

mg  of anti-L3T4 antibody, simultaneously with and 7 days after inocu- 

suspensions prepared  from the pools of MLN were  counted  with a Coulter 
lation  with Nb. All mice  were  killed 13 days after inoculation. Single  cell 

Counter. Cells  were  labeled  with FITC-anti-Thy-1.2, FITC-anti-Lyt-2. 
FITC-rabbit anti-mouse IgM or with  FITC-control antibodies and were 
analyzed by  FMF. 



3208 T CELLS A N D  

TABLE I1 
Effects  ofanti-L3T4 antlbody treatment on B cell surface  markers 

after  inoculation with Nb" 

Nb Antl-L3T4 
Percent of MLN Cells wlth 

[Median Fluorescence lntensltyJb 
lnfectlon Injection 

sIa IeER s l l M  slaE 
- 
+ 
+ 

- 29.0(115)  27.1  (178)  29.1  4.5 
- 
+ 

42.2  (391)  43.5  (312)  39.7  42.5 
51.7(162)  34.0(169)  45.1  6.6 

"BALB/c mice (three/groups)  were  inoculated  with  700  third  stage 
larvae of  Nb. A total of 0.5 mg of anti-L3T4  antibody  was injected i.v. at  
the time of inoculation and mice were killed 13  days  later.  Single cell 

body and were  analyzed by  FMF. 
suspensions  from pools of MLN were  stained  with  the  appropriate  anti- 

rescence  intensity  (average  brightness) of cells that  express  the  indicated 
bNumbers  in  parentheses  indicate  on  a  linear  scale  the  median fluo- 

surface molecule. 

TABLE 111 
Effects ofanti-L3T4 antlbody treatment on serum IgE levels, 

intestinal  mucosal  mast  cells,  and  adult  worm  burdens in 
Nb infected mice" 

Nh AntbL3T4 Serum IgE Mast cells/ Worms 
Infection Injectlon 

Recovered/ 
Mouse (FglmU vcu 

- - 0.07  (1.21Ib 1.2 k 0.4" 0 
- 22.00  (1.37) 19.9 f 1.0 0 

+ -I- 0.07 (1.06) 0.2 f 0.2 161 f 51' 
+ 

" BALB/c mice (five/group)  were  inoculated  with  700  third  stage  larvae 
of Nb. A total of 0.5 mg of anti-L3T4  antibody  was injected i.v. at  the time 
of  Nb inoculation and mice were killed 13  days  after  inoculation.  Serum 
IgE levels  were  determined by ELISA. Mast cells were identified by met- 
achromatic  staining  with  alcian  blue.  Numbers of mast cells/VCU were 
counted  on microscopic sections. Adult Nb worms were counted  in  the 
washings of the  small  intestines. 

Geometric mean (SEM). 
Arithmetic  mean f SEM. 

cally appear  after  infection  with Nb are  dependent on the 
presence of a  functional L3T4+ T cell population. 

The  effect of anti-L3T4  antibody  treatment OR IgE 
production. Anti-L3T4 antibody blocked both the gener- 
ation of cIgE+ MLN cells and  the  increase  in  serum IgE 
concentration that  are induced by infection  with Nb. 
Approximately 0.4% of the MLN cells of Nb-infected mice 
were cIgE' 13 days  after inoculation,  whereas  less than 
0.01 % of MLN cells of uninoculated mice or mice inocu- 
lated with Nb and treated  with  anti-L3T4 were cIgE+ (data 
not shown).  Serum IgE concentrations,  which averaged 
70 ng/ml in uninoculated mice, increased  to 22 pg/ml in 
mice infected with Nb but failed to increase in infected 
mice that were treated  with  anti-L3T4  antibody (Table 
111). A single dose of anti-L3T4  antibody, given simulta- 
neously with Nb inoculation,  was equally effective at 
blocking Nb-induced IgE production as two doses, given 
at the time of inoculation and 7 days  later  (data not 
shown). 

The effect of anti-L3T4  treatment O R  1°C hyperpla- 
sia. Mice infected with Nb were observed to have a 15- 
fold greater  concentration of  1°C than uninfected mice 
at  13 days  after inoculation  (Table 111). No increase  in 
mast cells was  observed, however, in infected mice that 
also were injected with  anti-L3T4  antibody at the time of 
inoculation  with Nb. 

The  effect of anti-L3T4  treatment O R  spontaneous 
cure of Nb infection. Mice inoculated  with  third  stage 
larvae of  Nb normally eliminate  adult  worms from their 
intestines by 10 to 11  days  after inoculation. Mice that 
were simultaneously injected with  anti-L3T4  antibody 
and inoculated with Nb failed to  eliminate  adult  worms 
by 13 days  after inoculation (Table 111). Thus, L3T4+ T 
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cells are directly or indirectly important in spontaneous 
cure of  Nb infection. The  duration of intestinal infection 
with Nb in mice given a single injection of anti-L3T4 
antibody  simultaneously  with inoculation or given injec- 
tions of anti-L3T4 every week after inoculation was  in- 
vestigated. Mice that received one single dose of anti- 
L3T4 still  had  adult worms present in their  intestines  14 
days  after inoculation. However, these mice had elimi- 
nated  intestinal Nb  by 2  1  days after inoculation at which 
time  they once again  had relatively normal  numbers of 
L3T4+ MLN cells (data not shown). In contrast, mice that 
were injected each week with 0.5 mg  of anti-L3T4 anti- 
body continued  to  carry  intestinal worms 42  days  after 
Nb inoculation. These data show that L3T4' T cells are 
critical to the induction of spontaneous  cure. 

The  effect of anti-Lyt-2  antibody  treatment O R  infec- 
tion with Nb. Because L3T4' T cells regulate the subpop- 
ulation of Lyt-2+ CTL (35). anti-L3T4  antibody  treatment 
could affect  spontaneous  cure of infection by interfering 
with helminth specific Lyt-2'  CTL function. To test  this 
possibility, the effect of injecting cytotoxic anti-Lyt-2 
antibody into mice inoculated with Nb was  studied. In- 
asmuch as  2.43 anti-Lyt-2  antibody, like GK1.5 anti- 
L3T4 antibody,  modulates its ligand in vivo (F. D. FIn- 
kelman,  unpublished data), it was  necessary to determine 
the effect of anti-Lyt-2  on Lyt-2' MLN cell numbers by 
determining the difference between percentages of Thy- 
1.2' and L3T4' MLN cells. The elimination of Lyt-2' T 
cells after anti-Lyt-2 treatment  was indicated by the  fact 
that  the percentage of Thy-1.2' cells in the  spleens  and 
MLN of anti-Lyt-2  antibody-treated, Nb-infected mice 
was  similar to the percentage of L3T4 + T cells (Table IV). 
No adult worms were present  in any of the mice infected 
with Nb at  13 days after inoculation including those mice 
that received anti-Lyt-2  antibody. In addition,  anti-Lyt-2 
antibody  had  no  detectable effect on the IgE responses of 
Nb-infected mice (Table IV). 

The effect of anti-L3T4  treatment on secondary  infec- 
tion with Nb. To study  the role of the L3T4' T cell 
population in mice given a  secondary infection with Nb, 
no antibody or 0.5 mg of anti-L3T4  antibody  was injected 
into mice simultaneously re-inoculated with Nb larvae 33 
days after primary  inoculation.  Whereas  anti-L3T4  treat- 
ment did not ablate protective immunity because no adult 
worms became established  in the  intestine, it  did prevent 
the large increase in serum IgE levels that normally ac- 
companies a second inoculation with Nb (Table V). 

TABLE IV 
Effect of anti-lyt-2 treatment on T lymphocyte  subsets and serum IgE 

leuels in mice infected  with Nb" 

Nh Antibody Serum IgE 
Infection Injectlon 

L3T4+ 1%) Thy-1.2' 1%) 
(rglml) 

- - 0.06 11.321b 54 .6 f  1.7' 71.7 f 1.1' 
+ 27.4(i.16) ' 39.7 f 0.6 53.8 f 0.2 

+ a-Lyt-2 1X 18.2  (1.16)  47.1 f 1.0  50.9 f 0.7 
+ Rat IgG Ix 19.7  (1.27)  39.2 f 0.4 54 .3f   1 .2  

+ Rat IgG  2X 33.2  (1.27)  40.6 f 1.7  57.2 f 1.1 
+ a-Lyt-2 2X 26.2  (1.25)  47.5 2 1.3  48.4 f 1.4 

- 

of  Nb and injected i.v. with 0.5 mg of normal  rat IgG or anti-Lyt-2  antibody 
BALB/c mice (five/group)  were  inoculated  with 700  third  stage  larvae 

simultaneously  with  inoculation (1x1, or both  simultaneously  and  7  days 
after  inoculation (2x1. Five mice served as uninfected  controls. Mice were 
bled and killed 13  days  after inoculation.  Serum IgE levels were deter- 

appropriate  antibody  and  were  analyzed by  FMF. 
mined by  ELISA. Single cell suspensions from MLN were stained with the 

Arithmetic mean k SEM. 
Geometric mean (SEM). 
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TABLE V 
Effect of anti-L3T4 treatment on the IgE response  induced b y  

secondarq  infection with Nb" 

N b  Antl-L3T4 Serum IgE 
Infection lnjectlon lrg/mll 

- - 0.15  (1.70)b 
- 9.87 (1.121 
- 103.00  (1.21) 
+ 15.80  (1.25) 

IX 
2x  
2x  

of  Nb.  Mice in  two  groups received a second  inoculation of 700 third  stage 
BALB/c mice (five/group)  were inoculated  with 700 third  stage  larvae 

Nb larvae 33 days  after  the  first  inoculation.  whereas a third  group  was 
not  re-inoculated.  One  group of mice received 0.5 mg of anti-L3T4  treat- 
ment  i.v. 7 days  before and  on  the  day of the second  inoculation  with Nb. 
These mice and a  group of uninfected mice were killed concurrently  40 
days  after  the  first  and 7 days  after  the  second  inoculation.  Serum IgE 
levels were  determined by ELISA. 

Geometric mean (SEM). 

TABLE VI 
Effect of anti-L3T4 treatment on serum IgE response  given  late 

during an infection with Nb" 

N b  AntibL3T4 
Infectlon 

Serum IgE 
Inlection iue/mIl 

- 
+ 
+ 
+ 
+ 

- 0.2  (1.31Ib 
- 55.5 (1.201 

Day 10 
Day 11 
Day 12  37.0 ( 1.39) 

1.9 ( 1.56) 
13.1  (1.74) 

of Nb.  Mice in  the infected  groups received a single  i.v.  injection of 0.5 
BALB/c mice (five/group]  were inoculated  with 700  third  stage larvae 

mg anti-L3T4 10. 11. or 12  days  after  inoculation  with Nb.  All mice were 
bled 13  days  after inoculation and  serum IgE levels were  determined by 
ELISA. 

Geometric mean (SEM). 

TABLE VI1 
Effect of anti-L3T4 treatment on spontaneous cure of adult Nb" 

Nb  AntibL3T4 No.  of  Mice  Mean Worm 
Infection Injection with N b  Count/Mouseb 

+ 
+ 

- 015 
Day 0 

Day 8 
Day 9 2/5 
Day 10 015 0 

0 
340 f 40 5/5 + Day 7 5/5 150 f 59 

4/5  81 f 48 + 
+ 
+ 

2 f l  

of  Nb.  Mice in  the infected  groups received a single  i.v.  injection of 0.5 
a BALB/c mice (five/group)  were  inoculated  with 700  third  stage  larvae 

mg of anti-L3T4  antibody,  simultaneously  with  inoculation  (day 0) or 7. 

worms  were  counted  in  small  intestine. 
8.9. or 10 days  later. All mice were killed 13  days  after  inoculation. Adult 

bArithmetic  mean f SEM  of mice with  adult  worms. 

How long do L3T4' T cells  contribute  to  generation of 
IgE production,  and  spontaneous  cure in mice  infected 
with Nb? To determine how long L3T4+ T cells must be 
present  to  contribute  to  the  generation of an optimal IgE 
response and  adult worm elimination from the intestines, 
mice were given a  single injection of anti-L3T4  antibody 
at various  times after inoculation  with Nb. Injection of 
anti-L3T4  antibody as late as 10 days  after inoculation 
inhibited  day 13 serum IgE levels by more than 95%; 
injection of anti-L3T4 on day 12, 1 day before mice were 
bled also reduced the magnitude of that response by 34% 
(Table VI). Some mice that were injected with  anti-L3T4 
antibody 7.8,  or 9 days after inoculation  had  adult worms 
in  their  intestines  at day 13 (Table VII). These  data dem- 
onstrate  that T cells are required close to the time of 
worm elimination from the  intestines or the initiation of 
IgE secretion for optimal expression of these  events. 
T cell help is needed  to  sustain  elevated  serum IgE 

levels  after  inoculation  with Nb. To investigate  whether 
the  continuous  presence of L3T4+ T cells is needed to 
sustain  the increased  serum levels of  IgE induced by 

NB INFECTION 3209 

infection with Nb, infected mice were bled 13 days  after 
inoculation (the peak of the  serum IgE response) and 
were then injected with 0.5 mg  of GK1.5 anti-L3T4 mAb 
or with 0.5 mg  of normal rat IgG. Seven days  later  the 
mice were re-bled. Serum IgE levels were determined by 
ELISA.  Day 20  serum IgE levels decreased  substantially 
more from day 13 levels in the anti-L3T4 antibody in- 
jected mice than in  the  other groups of mice infected with 
Nb (Table VIII). These  results  indicate  that  the  continuing 
presence of T cell help is required to sustain a  chronic 
IgE response. 

DISCUSSION 

The  data presented  herein  indicate that induction of a 
polyclonal IgE response, 1°C hyperplasia, and  the 
spontaneous  cure of  Nb infection are all prevented in 
mice inoculated with Nb and given a single injection of a 
anti-L3T4 mAb, which kills T cells of the helper pheno- 
type and  inhibits  their  function.  This confirms previous 
studies performed in congenitally athymic  (nude) mice 
that demonstrated the importance of thymus-derived T 
lymphocytes in the immune  response to infection with 
Nb (36). Our studies, however, eliminate the possibility 
that  the defects  seen  in  nude mice result from abnormal 
B lymphocyte development associated with the chronic 
absence of T cells, and identify the L3T4+ subset as the 
T cell population crucial  to  several  host  response to a 
primary  infection with Nb. Indeed, elimination of the 
MHC class I-restricted Lyt-2+ lymphocyte population, 
which is most strongly  associated  with CTL and  suppres- 
sor  function from spleens  and MLN, had no effect on 
either  the elimination of intestinal Nb or on the genera- 
tion of a polyclonal IgE response.  The former response 
suggests that a CTL response may not be important in 
the  spontaneous  cure of a  primary Nb infection.  This 
possibility is not totally eliminated, however, because 1) 
cytotoxic T cells in  the  intestinal mucosa might be  Lyt- 
2- just as some CTL function has been identified in the 
L3T4+ T cell subset  (37);  2) in vivo antibody treatment 
might be less effective at eliminating Lyt-2+ T cells in the 
intestinal mucosa than in MLN or spleen.  The  failure of 
elimination of the Lyt-2+ T cell subset to enhance  serum 
IgE levels in Nb-infected mice was  somewhat  surprising. 
T lymphocytes that  express Lyt-2+. but not L3T4+, have 
been shown to produce a lymphokine, glycosylation-in- 
hibiting  factor, that  stimulates  the production of  IgE 
binding factors  that inhibit rather  than  enhance IgE 
production (1  6).  Thus, we expected that Nb-infected mice 
that had been depleted of Lyt-2+ T cells might generate  a 
larger IgE response than Nb-infected mice that received 

TABLE VI11 
Effect ofanti-L3T4  treatment of N b  infected  mice 13 days after 

inoculation on serum IgE" 

N b  Antibody Day 13 Serum Day 20 
Infection Injection IgE I & h I l  Serum I ~ E  

I r $ W  
- 
+ 

- 0.11 (1.26Ib 0.13(1.25) - 46.7  (1.35) 15.7(1.17] + Rat IgG 25.8  (1.49) 5.26  (1.23) + AntibL3T4 25.6 11.31) 0.80  (1.45) 

of  Nb.  Mice were bled 13  days  after inoculation  along  with  uninfected 
BALB/c mice (five/group)  were  inoculated  with 700 third  stage  larvae 

controls  and given no  further  treatment or injected i.v. with 0.5 mg of 

days  later.  Serum IgE levels were  determined by  ELISA. 
normal  rat IgG or 0.5 mg of anti-L3T4  antibody. All mice were re-bled 7 

bGeometric  mean (SEM). 
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control  antibody  treatment.  Our  results  therefore  support 
the possibility that T cell regulation of the IgE response 
in Nb-infected  mice is mainly the property of the L3T4' 
subset  and suggest that  the glycosylation  inhibiting fac- 
tor  either is 1) normally  made in  such  excess  that  the  few 
Lyt-2' cells that  remain  after  anti-Lyt-2+  antibody  treat- 
ment  are  capable of producing a sufficient  amount of 
this  factor  to  maximally  down-regulate IgE secretion; 2) 
that  an Lyt-2- T cell population can produce  glycosylation 
inhibitory  factor: 3) that Lyt-2+ T  cells persist  and pro- 
duce this  factor at sites  other  than spleen and MLN: or 4) 
that  the glycosylation  inhibitory factor  has  no  importance 
in  this  system. 

The  use of anti-L3T4  antibody  rather  than  nude mice 
to  study  T cell functions  in  parasite-infected mice has 
made it possible  to eliminate  the  Th cell subset  at speci- 
fied  time points  during  the  infection.  This  has  enabled 
us to  demonstrate  that  intact  Th cell function  contributes 
to  both  spontaneous worm  elimination  from the  intes- 
tines  and  to  the  generation of an  IgE response  up  until 
the  times  that  worms  are expelled or serum IgE is being 
produced in  maximum  quantity. In addition,  our  studies 
demonstrate  that  both  the  persistence of increased  serum 
IgE levels in mice infected  with Nb after  the  peak period 
of  IgE secretion and  the development of a secondary IgE 
response  to  re-infection are  dependent on the  continuing 
presence of L3T4' T  cells.  Although  we did not  study 
specific IgE responses,  these  observations may be rele- 
vant  to  the  control of  IgE responses  in  atopic  individuals, 
inasmuch as they  suggest  that  suppression of some  T cell 
functions  may  induce  rapid  declines  in  serum levels of 
IgE antibody  specific  for  clinically  important  allergens. 

The  use of anti-L3T4  antibody  to  interrupt  Th cell 
function  at defined  times  during  the  infection  with Nb 
also provides a model in  which  experiments  can  be per- 
formed  to see if specific  lymphokines can replace the 
requirement  for  Th  cells  during  infection. In particular, 
the  increasing  availability of recombinant  lymphokines 
should  make  it possible  to study  whether  T cell help  for 
the generation of an  IgE response  can  be replaced by 1L- 
4 and/or  stimulatory IgE-binding factor,  and  whether  T 
cell help  for the induction of 1°C hyperplasia can be 
replaced by  IL-2 and/or IL-3 at  any time  point after 
inoculation  with Nb. 

Finally, the  observations  that L3T4+  T  lymphocytes are 
not  required for  the expulsion of  Nb during a second 
infection, and  that considerable  depletion of Lyt-2' lym- 
phocytes  does not  interfere  with  spontaneous  cure of a 
primary  infection  suggest that T cell effector  mecha- 
nisms  are not in all  circumstances required  for parasite 
killing. Instead,  T  cell-dependent  antibody production 
and  mast cell differentiation  may  be  sufficient  to  prevent 
Nb infection of the  intestines  during a secondary  infec- 
tion. 
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