
 cad. Sci. USA. 81, 1193 (1984). fipresswn and RepLimtwn, T. Grodzicker, M. Bat- specific levels (6). Early embryonic tissues 
32. M. Green, R. Treisman, T. Maniatis, Cell 35, 137 chan, P. A. Sharp, Eds. @Id Spring Harbor Labo- 

(1983). ratory, Cold Spring Harbor, NY. 19861, up. 175- do "Ot express H-2 antigens, although . - ,. .. 
33. L. WU, D. S. E. Rosser, M. C. Schmidt. A. Berk, 188.' expression can be induced bv IFNs (7 ) .  

Nature (London) 326, 512 (1987). 41. L. Su and D. M. Knipe, J. Virol. 61,615 (1987). A i d t  brain cells respond to I$N wi& 'a 
34. R. D. Everett,EMBO J. 3, 3135 (1984). 42. J. D. Mosca et d., Proc. Natl. Acad. Sci. U S A .  84, 
35. P. O'Hare and G. S. Haward. 7. Virol. 53. 751 7408 11987). 30-fold increase in the expression of H-2 , ~, ,- - , 

(1985). 43. L : J . P ~ ~ ~ ,  F. J. Rkon, R. D. Everett, M. C. Frame, antigens; heart and kidney cells with a 13- to 
36. M. P. Quinlan and D. M. Knipe, Mol. Cell. Bwl. 5, D. J. McGeoch, J. Gen. vi~oi. 67,2365 (1986). 17-fold increase; and the tissues that have 957 (1985). 44. A. L. Goldin et al., J. Viwl. 38, 50 (1981). 
37. I. H. Gelman and S. Silverstein, Proc. Natl.Acad. Sci. 45. B. Roberts et al., ibid. 56, 404 11985). the highest basal levels of H-2 antigens, like 

U S A .  82, 5265 (1985). 
38. P. O'Hare and G. S. Hayward, J. Virol. 56, 723 

(1985). 
39. P. Mavromara-Nazos et d., Virology 149, 152 

(1986). 
40. P. O'Hare, J. D. Mosca, G. S. Hayward, in Cancer 

Cells, vol. 4, DNA Tumm Viywes: Control o f  Gene 

We thank R. SGair and B. ~ober t s  ibr providing 
DOL-12s and DOL-13s. Supported by NIH grant 
A120530 (D.M.K.), American Cancer Society grant 
IM355S (D.B.), and NIH postdoctoral fellowship 
F32GM11224 (S.A.R.). 

9 October 1987; accepted 24 December 1987 

Regulation of Gene Expression by Interferons: 
Control of H-2 Promoter Responses 

The magnitude of the response to interferons and the requirement for individual 
elements in the promoter of the H-2Dd gene were shown to be cell-specific and 
dependent on the type of interferon used. Three DNA sequences in the promoter were 
found to bind murine nuclear factors. Two of these sequences are in bctionally 
defined enhancer regions and also bind to the transcription factor AP-1. The third 
sequence is part of the region involved in interferon regulation and is homologous to 
the enhancer element of the interferon p gene. A model for interferon regulation of 
H-2 promoters is discussed. 

I NTERFERONS (IFNs) AFFECT SUCH 

cellular processes as anti-viral responses, 
cell growth, differentiation, and gene 

regulation. Type I IFNs (a and P) and type 
I1 IFN (y) are synthesized by different cells, 
and it is likely that they use different mecha- 
nisms to elicit their different cellular re- 
sponses (1-3). 

Major histocompatibility (H-2) class I 
genes are regulated by type I and type I1 
IFNs ( 4 ) .  The murine H-2 class I proteins 
are highly polymorphic, 45-kD polypep- 
tides that function during antigen presenta- 
tion as cell-surface recognition molecules for 
cytotoxic T lymphocytes (5)  and are ex- 
pressed on most somatic tissues at tissue- 

the sgeen and lymph nodes, show-the least 
change in expression (8). 

IFN regulation of class I gene expression 
involves at least two mechanisms, one de- 
pendent on sequences upstream and the 
other on sequences downstream of the H-2 
promoter region (9-12). IFN induction uti- 
lizing the upstream sequences accounts for 
less than a twofold enhancement of class I 
gene expression, corresponding to less than 
40% of the entire IFN response in L cells 
(10). It is dependent on the presence of a 
37-bp region, designated the IRS (IFN 
response sequence) (11) that lies between 
nucleotides 159 and 122 upstream of the 
transcription initiation site of the H - ~ D ~  
gene (1 0). Induction of class I expression by 
type I IFNs in L cells requires the concomi- 
tant presence of a second sequence located 
just upstream of the IRS (10, 11); this 
sequence is not required in NIH 3T3 cells 
(12). These conclusions were based on cells 
that express high endogenous levels of H-2 
antigens that are only moderately inducible 
(2.5- to 8-fold) by IFNs. We have assessed 
the relative activities of the upstream regula- 
tory sequences in cells in which H-2 antigen 
expression is highly inducible by IFNs. 

B. Korber, L. Hood, I. Stroynowski, Division of Biolo- 
California Institute of Technology, Pasadena, CA 

R17.5 . 
N. Mermod, Department of Biochemisuy, University of 
California, Berkeley, CA 94720. 

Table 1. Induction of CAT constructs in different cell types by murine type I and type I1 IFNs. The enhancement factor is a ratio of specific CAT activity 
(CAT activity per protein concentration) in cells treated with IFN to that in untreated cells. It is independent of the cotransfection efficiency in the individual 
pools of cells transformed with a mixture of neo gene and CAT constructs in al l  cell lines used. Ten cloned cell lines from a BL5 transfected cell pool were ana- 
lyzed as controls; all were positive for CAT expression. The basal levels of CAT gene expression and their ability to respond to IFNs varied moderately 
between different cloned transfectants. Clone data confirmed results observed on pooled transfectants. Levels of class I antigens on different cell lines were 
measured with different antibodies by radioimmunoassay (32),  and compared on a per cell basis with the levels of the class I antigen expression on spleen cells 
of the same haplotype. L cells expressed 5- to 10-fold higher levels than H-2k C3H spleen cells, BLK SV cells expressed 3- to 6-fold more than H-2b C57BLI6 
spleen cells, MPC 11 cells expressed 1.5- to 6-fold higher levels than H-2dBalb/c spleen cells, and BL5 cells expressed lower levels of H-2b antigens than 
C57BLl6 spleen cells (ranging from 0.25-fold to comparable levels of expression). 

- -  - 

Enhancement factor 

Construct BL5 + IFN y BL5 + IFN ( a  + P) BLK SV + IFN y BLK SV + IFN ( a  + P)  

Range R t SD (n) Range R +- SD (n) Range R k SD (n) Range R t SD (n) 

*Endogenous levels of H-2 antigens in A-122CAT transfectants were inducible by IFNs to the same degree as in the untransfected cells. The ability of these molecules to respond to 
IFN served as an internal control for the noninducible phenotype of A-122CAT gene. 
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The chloramphenicol acetyltransferase 
(CAT) gene was fused to H-2 class I pro- 
moters and IFN enhancement of CAT activ- 
ity was studied in transfected cell lines de- 
rived from C57BLi6 mouse embryos (H-2b 
haplotype). BL5 is a primary fibroblast line 
derived from 14- to 16-day-old embryos 
(13). Its basal level of endogenous H-2b 
antigens is low compared to L cells (Table 
1) and it can be induced 15- to 30-fold by 
IFNs. BLK SV (14) is an embryonic fibro- 
blast line immortalized by SV40 transforma- 
tion. IFN enhances H-2 messenger RNA 
(mRNA) levels of BLK SV cells at least 15- 
fold although they express basal levels of 
endogenous H-2b antigens similar to H-2 
K~ levels on uninduced L cells (15). 

CAT constructs carrying deletions of the 
promoter region of the H - ~ D ~  gene were 
selected from the original deletion set used 
to transfect L cells (Fig. 1) (10). The con- 
struct A-159CAT contains an IRS sufficient 
for the induction of the class I promoter by 

Fig. 1. Regulatory elements in class I promoter regions. (A) The DdCAT and 
L~CAT constructs contain 4.8-kb-long restriction fragments derived from the 
5' flanking regions of the H - ~ L ~  or H-2Dd genes, fused 15 nucleotides 
downstream from their putative transcription start site to the CAT structural 
gene. The numbering is shown relative to the cap site that is defined by 
analogy to the mapped H-2Kd gene transcription start site (33). The transcrip- 
tion start sites for DdCAT, A-385CAT, and A-159CAT have been mapped by 
ribonuclease I protection in noninduced and induced L cells. In these 
transfectants transcription initiated at the predicted site; in A-122 CAT 
transfectant -12% of transcription was initiated at a cryptic pBR322 site. In 
BL5 cells transcription initiated on A-122 CAT template at the predicted site. 
(B) DNase I footprinting. Regions protected by MPC 11 nuclear extracts are 
boxed. Locations of the homologies between the H-2Dd protected regions and 
the binding sites of the positive and negative acting proteins of the IRE (25) 
are indicated. The AP-1 core recognition site (21) is also shown. Bold letters in 
the H-2Dd sequence correspond to the homology with the Friedman and 
Stark consensus sequence (24). The locations of the deletion endpoints of A- 
159 and A-122 are shown. (C) Presence of the enhancer motif of the IFN P 
gene IRE in the 5' flanking region of H - ~ D ~  and IFN oc and y genes. The 
sequence of the IFN a consensus is derived from Ryals e t  al. (27), and of the 
IFN y gene promoter from Gray and Goeddel (28). Homologous bases are 
indicated by dots. (D) Comparison of the DNA sequence homology between 
the negative regulatory element of the IFN P gene IRE and the H-2Dd IRS. 
(E) Comparison of the DNA sequence homology between the AP-1 core 
recognition motif and the AP-1IMPC 11 binding sites bind A and bind B. NC, 
noncoding; C, coding. 

type I1 IFN in L cells, but the region 
necessary for a type I IFN response has been 
deleted; A-122CAT lacks the IRS and up- 
stream regions and is not inducible by either 
type of IFN. Two additional deletion con- 
structs, A-385 and A-236, which contain all 
of the known IFN regulatory elements of 
H-2Dd, were studied in BL5 cells. The 
deletion constructs and the parental DdcAT 
plasrnid carrying a 4.8-kb fragment from 5' 
flanking region of H-2Dd gene were trans- 
fected stably into the two embryonal cell 
lines. The L~CAT plasmid derived from 5' 
flanking region of H - ~ L ~  gene was also 
tested (1 6). 

In BL5 and BLK SV cells the type I1 IFN 
enhancement factor for DdCAT and L~CAT 
was up to tenfold higher than it is in L cells 
(Table 1). The deletion constructs (except 
A-122CAT) were also inducible although 
their response was reduced compared to the 
parental DdCAT. The reduction may reflect 
a partial requirement for sequences in the 

deleted region or may be due to the presence 
of the pBR322 sequences fused upstream of 
the deletion junctions. 

When type I IFN was used the magnitude 
of the response in BL5 and BLK SV cells 
was similarly high (Table 1). In agreement 
with previous data for L cells (10, l l ) ,  in 
BLK SV cells A-159CAT was not induced 
by a mixture of murine a + P IFN or by a 
purified human recombinant IFN a ,  while 
DdcAT and L~CAT constructs were induc- 
ible. In contrast, in BL5 cells the expression 
of A-159CAT was inducible to an equal 
degree by both types of IFNs (Table 1). The 
simplest interpretation of this result is that 
the IFN regulation of H-2 Dd promoter in 
BL5 cells is independent of the upstream 
regulatory element; this may be a conse- 
quence of differences between the cell lines, 
such as the availability of trans-acting factors. 

To determine whether trans-acting factors 
can interact with the fimctionally defined 
regulatory regions of the H-2Dd promoter, 
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dcoxyribonudease I (DNase I) protection 
analyses (17) were done. Since BL5, BLK 
SV, and L cells did not yield sdicient 
quantities of active extracts, most studies 
were carried out with nuclear factors derived 
h m  the mouse myeloma cell line MPC 11 
(18). It expresses high levels of endogenous 
H-2 antigens (comparable to L cells) and it 
can be easily grown in suspension to a high 
density. H-2 antigens on MPC 11 cells are 
weakly inducible (< twofold) by ENS. One 
or more nudear fictors from MPC 11 cells 
bound to sequences -157 to - 140, within 

A 
Coding 

MPCll 

Noncoding 

MPCll I 

the IRS region ( F i .  1 and 2). This site was 
bind IRS for the IFN response 

sequence binding region. In addition, pro- 
tection was observed at sites designated bind 
A (-205 to -188) and bind B (-108 to 
-90), which are located within the H - ~ D ~  
promoter regions homologous to the class I 
enhancer hgments A and B of the H - ~ K ~  
gene (19) (Figs. 1 and 2). The DNase I 
footprint pattern is specific by the fdowing 
criteria: the protection of all the sites was 
observed on both strands of the H - ~ D ~  
template, and the MPC 11 extracts used in 

B 
Coding Noncoding 

AP-1 nglpl - 
0  3 9 3 0 0  

a t -  - - - - 

Flg. 2 DNase I pmtdon analysis of the H-2Dd &ding sequences with MPC 11 nudear aans (A) 
or AP-1 uansuiption fictor M e d  fram HeLa cells (8) (35). The coding and noncoding DNA 
strands were labeled by T4 DNA kitme or by DNA polymerase (Kknow fragwnt) end-filling at an 
Eco RI site within the pBR322 vector, -260 bp upmeam fram the start point of uansuiption. For 
trfacMw the base-treated strand was sequenced by means of G+A chemical cleavage reactions. Each 
labeled strand was digested by DNasc I (0 lanes) or incubated with 100 to 150 of MPCll m c t s  
made from u n i n d d  cells (-yIFN) or IFN y-induced cells (+YEN). AP-1 concentrations used in 
footprint analysis in (B) arc indicated above the gel lanes. The positions of strongly protested sites are 
indicated by continuous lines, positions of weakly protcacd sites by dotted lincs. 

our studies did not fbotprint randomly cho- 
sen hgments of bacterial plasmid DNA. 

The presence of IN-binding activity in 
untreated extracts from MPC 11 cells sug- 
gests that IFN-regulated transuiptional en- 
hancement may involve activation of an 
IRS-specific factor present in cells in a latent 
hnn prior to IFN exposure. Alternatively, 
MPC 11 cells may constitutively express 
endogenous IFNs that induce DNA binding 
factors involved in IFN regulation. The 
latter hypothesis is plausible because consti- 
tutive production of autogenous type I 
IFNs was reported in several lymphoma cell 
lines in which H-2 antigen expression was 
elevated (20). 

Next, we deermined if the mammalian 
transaiption factor AP-1 (21 ) binds to the 
same regions as the MPC 11 nuclear ex- 
tracts. Purified AP-1 was incubated with the 
H - ~ D ~  promoter in DNasc I protection 
qxriments (Fig. 2). Two strongly protect- 
ed regions are apparent: one of them coin- 
cides with the bind A and the other with the 
bind B site. The footprinted regions appear 
to be identical as determined with either 
crude MM= 11 extracts or purified AP-1. 
Two additional points strengthen this sug- 
gestion. First, there is significant homology 
between bind A, bind B, and the AP-1 core 
consensus sequence (Fig. 2). In addition, 
the bind A and bind B sites lie within regions 
with demonstrated enhancer activity, as 
would be predicted fbr AP-1 binding sites 
(22). AP-1 also protects four other lower 
&ty sites (Fig. 2); the signi6cance of this 
b i i  remains to be established. 

The differences observed in the magni- 
tude of response in different cell lines may 
rdiect availability and inducibility of trans- 
acting aanscription factors, IFN receptor 
expression and signal transduction, or the 
proportion of cells responding to IFN in a 
population. In both embryonal fibroblastic 
lines, the magnitude of the promoter-con- 
trolled response was up to ten times greater 
than in L cells. Since the uninduced levels of 
endogenous H-2 gene expression in BLK 
SV cells are approximately tenfold higher 
than in BW ceh, it is apparent that a low 
basal level of promoter activity alone does 
not dictate high IFN inducibility. Consist- 
ent with this conclusion is the finding (12) 
that the H-2Ld promoter is inducible in 
NTH 3T3 cells to the same degree as in BL5 
or BLK SV cells in our study. 

The cis-acting sequences of the H - ~ D ~  
promoter necessary to elicit an IFN response 
vary among different cell lines. The action of 
type I EN in L and BLK SV cells required 
the presence of a sequence upstream of the 
IRS region, while in BL5 cells the IRS 
region was sdicient for induction. The 
action of type 11 IFN on H-2 promoters was 
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independent of the upstream sequence in ail region because the sequence of the H - ~ L ~   mar^ Aunnreid, Traqlantaan 41. 413 

three cell lines tested. These findings lend promoter from - 195 to - 159 can act as a 9. 0 .  yoshie et d., proc. ~ ~ ~ l . ~ d .  sci. U.SA. 81,649 
support to the seemingly conflicting reports negative element in some cell types (30). In (1984). 

on cis-acting elements required for H-2 pro- BL5 cells the repressor-binding factor may lo. B. L. Hood, I. Suoynowski, 84, 3380 
(1987). 

moters' responses to IFNs (1 0-12). be absent and so the induction of class I 11. A, 1srae1 A. Kimura, A. Fournie, M.   el lo us, P. 
While the extensive circumstantial evi- genes might directly reflect the induction of Kourilsk~, Nature (London) 322, 743 (1986). 

12. K. Sugita, J.-I. Miyazaki, E. Appella, K. Ozato, Mol. dence points to the bind IRS being involved the IRE-enhancer-binding factor-hence Cell, Biol, 7, 2625 (1987); J,.I, Miyazaki, E, Ap. 
in IFN regulation our data did not demon- the observed independence of the upstream pella, K. Ozato, Proc. Natl. A C ~ .  ~ n ' .  USA. 83, 
strate that the MPCll factor that binds to region (31). 9537 (1986). The level of H-2 antigens on NIH 

3T3 cells was monitored in our laboratory and is 
this region controls H-2 promoter expres- Other models may explain the require- to H.2 expression on L cells, 
sion (23). The IRS sequence that interacts ment for two cis-acting elements in a re- 13. M. Lieberman, 0. Niwa, A. Declke, H .  Kaplan, 

Proc. Natl. Acad. Sci. U.SA. 70, 1250 (1973). with the MPC11 binding factor is contained sponse to type I IFN. For example, Israel et  14, P, Patek, J ,  M, Nature (London) 
within the 30-bp IFN consensus sequence al. (11) proposed that type I IFN regulation 276,510 (1978). 
(24) identified by a homology search of the of H-2 class I promoters involves a potenti- 15. IFN enhances endogenous H-2 mRNA levels in 

5' flanking regions of genes inducible by ating effect of the IRS on transcription ~ & ~ ~ ~ l ~ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ e ~ e l ~ ~ ~ ~ ~ $ ~ ~ ~ $  
type Utype 11 IFN. We have found striking controlled from enhancer A. It is possible Korber, unpublished observation). The discrepancy 
homology between the region protected in that different mechanisms are used to con- the IFN inducibility Of the protein On the 

cell surface and the mRNA may be due to limiting 
our footprinting assay and the inducible trol the IFN response of H-2 promoters in availability of p2-microglobulin in this line. This 
response element (IRE) of the human IFN different cells. explanation is based on analogy to SV40-trans- 

P gene (25) (Fig. 1). This element, which is Previous and present studies suggest that ~ ~ ~ , e ~ ~ ~ ~ ~ ~ ~ a ~ ~ ~ ~ ~ ~ h ~ ~ ~ $ ;  2; 
active in either orientation, and controls the the transcriptional regulation and IFN in- (1985)], for which it was proposed that viral trans- 
induction of the IFN @ gene by virus or duaion of H-2 antigen expression is com- formation resulted in the 10- to 20-fold induction of 

double-stranded RNA, consists of an en- plex. The multiplicity of cis-acting elements ~ ~ r ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ t a n t i n a e a s e  in 
hancer and a repressor motif. Induction of which can contribute to the regulation of 16. The 5' flanking regions of the H-2Ld and H-2Dd 
the IRE is thought to involve the release of these genes in a cell-specific fashion suggests genes differ from each Other in several positions (I0) 

[A. Kimura, A. Israel, 0 .  LeBail, P. Kourilsky, Cell 
repressor molecules, thus permitting the that combinatorial effects of trans-acting fac- 44, 261 (1986)], but the DNA sequence IFN 
binding of a positive-acting protein to the tors determine the ultimate level of expres- regulatory elements (IRS and upstream region) is 

identical. enhancer motif (25). The IRSIIRE homolo- sion. Since quantitative variation in H-2 17, D, Gallas and A, Schmitz, NucleicAcidsRes, 5, 3157 
gy includes the hexamer AAGTGA, present class I antigen expression influences the (1978). 
in multiple copies in the 5' flanking region acquisition of tolerance, major histocom- 18. R. L a s h  and M. S c h d ,  J. Exp. Med. 131, 515 

(1970). of the IFN @ gene (26). The hexamer repeat- patibility complex restriction, and the effi- 19, A, Kimura et d,, Cell 44, 261 i1986), 
ed in tandem was reported to function as a ciency of cell-mediated immune responses, 20. A. Yarden, H. Shure-Gottlieb, J. Chebath, M. Rev- 
virus-inducible enhancer in the absence of class 1 promoters may have evolved multiple 

$ t z ~ , ~ ~ , " ; e ~ $ $ o ~ ;  ~ ~ , ( l , " ~ ~ e ~ 4 ~ " 3 " ;  the IRE repressor motif and was proposed cis-acting elements responsive to different (1986). 
to bind a positive regulatory factor (26). regulatory pathways to ensure their specific 21. W. Lee, A. Haslinger, M. Karin, R. Tjian, Nature 

The enhancer motif of the IFN P gene and sensitive regulation. (LO&) 325, 368 (1987); W. Lee, P. Mitchell, R. 
Tjian, Cell 49, 741 (1987). 

IRE is present in the class I IRS on the 22. Additional studies are necessary to determine if 
noncoding strand. The same IRSIIRE ho- AP-1 protein functions as a transcription initiation 

mology was found in the promoters of the REFERENCES AND NOTES factor for H-2 genes. Since AP-1 expression can be 
modulated by tumor promoter 12-0-tetradecanoyl- 
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Salivary Gland Lysates from the Sand Fly Lutzmyia lo5 parasites and 0.5 of salivary gland 

longipalpis Enhance Leishmania Infectivity was injected into the footpads of either CBA 
mice [animals genetically resistant to infec- 
tion kith Le, (4jl or into BAL,B/c 

RICHARD G. TITUS* AND JOSC M. C. RIBEIRO mice [animals genetically susceptible to the 
disease (4)]. Lesions on mice that received a 

Leishrnaniasis is a parasitic disease transmitted by phlebotornine sand flies. The role of mixture of Le, majw promastigotes and ly- 
sand fly saliva in ~ansmission of the disease ~ & ~ i n v e s t i ~ a t e d  by injecting mice with sates from the sand fly salivary gland were 
Leishmania major parasites in the presence of homogenized salivary glands from substantidy more severe than lesions on 
Lutwmyia londipalpis. This procedure resulted in cutaneous lesions of Le~bmunia control animals both in CBA and in BALB/c - -  - 
major that were routinely fiGe to ten times as large and contained as much as 5000 mice (Fig. 1). 
times as many parasites as controls. With inocula consisting of low numbers of We then examined the effect that lysates 
Leishmania majw, parasites were detected at the site of injection only when the of the salivary glands of Lu. longipdpis 
inoculum also contained salivary gland material. This enhancing effect of sand fly would have on the course of lesions induced 
salivary glands on cutaneous leishmaniasis occurred with as little as 10 percent of the in mice injected with decreasing numbers of 
contents of one salivary gland of one fly. Material obtained from other bloodsucking Le. majw promastigotes. To this end, CBA 
arthropods could not mediate the phenomenon. mice were injected in the footpad with 

inocula consisting of lo4. lo3, lo2, or 10' " , . ,  

P ROTOZOAN PARASITES OP THE GE- lonjipdpis, a known vector for visceral Le. major promastigotes admixed with the 
nus Leishmania are transmitted leishmaniasis in South America and the only lysate of 0.5 of one salivary gland. We found 
through the bite of infected phlebot- sand fly for which pharmacological data are (Fig. 2) that the effect on the course of 

omine sand flies. The sand fly can transmit available for its salivary secretion (3). The cutaneous leishmaniasis was especially pro- 
several different species of Leishmania, caus- parasite we used was Leishmania majm, the nounced when the infecting inoculum con- 
ing different forms of the disease in the causative agent of cutaneous leishmaniasis in tained low numbers of parasites. Lesions on 
infected mammalian host. Cutaneous forms the Old world and a parasite for which mice receiving lo2 or 10' Le. ma@ promas- 
are characterized by the development of there is an established murine model of tigotes mixed with salivary gland lysates 
lesions at sites in the skin where the infected infection. Promastigotes of Le. majm were were often five to ten times as large as 
sand fly has probed for a blood meal (1). In 
a manner analogous to other bloodsucking 
arthropods, sand flies salivate into the skin 
of the host in the course of obtaining a 
blood meal. The saliva of arthropods in 
general (2 ) ,  and sand flies in particular (3), 
has several potent pharmacological activi- 
ties, including apyrase activity and factors 
that inhibit platelet aggregation and induce 
erythema. We therefore investigated the 
possibility that these activities, or others not 
yet described, in the salivary glands of the 
sand fly might affect transmission of Leish- 
mania. 

We worked with the sand fly Lutzomyia 

R. G. T i m ,  Department of Rheumatolo and Irnrnu- 
nology, Brigham and Women's ~ o s ~ i t p a n d  Harvard 
Medical School, Boston, MA 02115. 
J. M. C. Ribeiro, Department ofTropical Public Health, 
Harvard School of Public Health, Boston, MA 02115. 

mixed with lysates of the salivary glands of lesions on control mice receiving parasites 
Lu. longipdpis. An inoculum consisting of alone. 

Fig. 1. Enhancement of the infec- 
tivity of Le, majm by lysates of the r .5  
salivary glands of Lu. longipalpis. 
Groups of five (A) CBhT6 or (6) g 
BALB/c mice (Jackson Laboratory) ,s 1.0 
were injected subcutaneously in 
one hind footpad with either lo5 .$ o,5 Le. majm promastigotes in 20 p1 of J 

0.1% bovine serum albumin, pH 
7.0 (BSA) (Sigma) in phosphate- o 
buffered saline (PBS) (m) or lo5 o 10 20 30 0 10 20 30 
promastigotes in 20 pl of BSNPBS Day of infection 
containing 0.5 of one gland of Lu. 
lon&alpis (0). Leishmania major promastigotes (LV 39) were maintained as described (7); parasites 
from stationary phase (6) cultures were used in d the experiments. Lutzomyia longipalpis were reared by 
the procedure of Modi and Tesh (8). Salivary glands from mated, non-blood-fed, 5- to 7-day-old adult 
female sand flies were dissected, placed in 0.1% BSA in water (pH 7.0), and frozen to achieve complete 
disruption (3). The glands were stored at -70°C until use, at which time they were brought to 
isotonicity by the addition of 1 0 ~  PBS. We determined lesion size by measuring, with a vernier caliper, 
the thickness of the infected footpad compared to the thickness of the contralateral uninfected footpad. 

T o  whom correspondence should be addressed. The values given are means -+ SEM. 
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