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The Role of Chemokines in Schistosomu 
rnunsoni Granuloma Formation 

N.W. Lukacs, S.L. Kunkel, R.M. Strieter and S.W. Chensue 

The eradication of parasitic diseases, such 
as schistosomiasis, has been the focus 
of investigations worldwide for many dec- 
ades. However, attempts to control their 
continual spread have, at best been met 
with limited success. In the face of these 
results, it is important to attempt to under- 
stand and thus to control the pathology 
of these widespread diseases. In this 
review, Nicholas lukacs, Steven Kunkel, 
Robert Stricter and Stephen Chensue 
focus on a family of cytokines that play a 
pertinent role for leukocyte recruitment in 
chronic inflammation. 

Schistosomiasis is a parasitic disease 
affecting hundreds of millions of people 
worldwide. The disease is caused by 
eggs released from helminth worm 
pain residing in copula within visceral or 
pelvic veins. The eggs become lodged 
in small capillaries of tissues and or- 
gans within the host and elicit a granu- 
lomatous inflammation. The embryos 
within the eggs only partially develop, 
but nevertheless release antigens into 
the surrounding tissues’. These protein 
antigens induce a T-cell mediated im- 
munological response2 which leads to 
intense leukocyte recruitment, cellular 
accumulation and development of fi- 
brosing gtanulomatous reactions around 
the deposited ovum3. Continuous de- 
position of eggs into the various organs 
(300 eggs per day per worm pair, last- 
ing for 15-20 years) can lead to severe 
fibrosis and organ dysfunctionl. Not 
surprisingly, much effort has been ap- 
plied to elucidating the mechanisms of 
these destructive responses. Chemo- 
tactic cytokines (chemokines) have the 
ability to induce leukocyte recruitment 
and, currently, are a major area of in- 
vestigation for inflammatory research4m5. 
This flurry of interest is due to the 
therapeutic possibility of controlling leu- 

kocyte extravasation not only in granu- 
lomatous reactions but also in many 
other acute and chronic inflammatory 
diseases. This review will examine the 
role of chemokines and the impact they 
may have in granulomatous inflammation. 

The Role of Chemokines 
in Inflammation 

The chemokines are divided into 
two distinct supergene families, termed 
C-X-C and C-C (based upon amino 
acid homology and particularly the 
position of four conserved cysteine 
amino acids within their primary pro- 
tein structure)4. In general, the C-X-C 
family, typified by 11-8, is largely chemo- 
tactic for neutrophils and therefore more 
closely associated with acute inflamma- 
tory reactions, such as endotoxaemia4. 
The C-C family members include macro- 
phage inflammatory protein I (MIP-I) 
CUP, monocyte chemoattractant pro- 
tein I (MCP- I), and RANTES (regu- 
lated on activation, normal T-cell ex- 
pressed and secreted). These cytokines 
are chemotactic for mononuclear cells, 
monocytes and lymphocytes, and there- 
fore are associated more closely with 
chronic inflammation, such as schisto- 
some granuloma formation5. These cri- 
teria are not necessarily absolute as 
there may be overlapping functional 
activities. 

The recruitment of cells to the area 
of inflammation is a crucial step in the 
development of a delayed-type hyper- 
sensitivity response. Presumably, the 
secretion of chemokines contribute to 
the inflammatory response and are per- 
tinent to the elicitation of particular cell 
type+. A chemokine responsible for 
the recruitment of both lymphocytes 
and monocytes/macrophages to sites 

of inflammation is MIP- 16.7. MIP-I a and 
MIP-I p are lipopolysaccharide (LPS)- 
inducible, heparin-binding proteins of 
8 kDa, and are member-s of the C-C 
chemokine super-gene familybm8. In vivo, 
the injection of the doublet can in- 
duce an acute inflammatory response 
and prostaglandin-independent fever7m9. 
Interestingly, MIP- I a, used individually, 
has been found to induce the produc- 
tion of cytokines, tumor necrosis factor 
alpha (TNF-a), IL- I and IL-6 (Ref. IO), 
thus having the ability to intensify the 
inflammatory response. This protein is 
chemotactic for monocytes and T cells, 
and chemokinetic for neutrophils. MIP- I 
receptor expression on the various 
immune cells confirm the latter results, 
as lymphocytes and monocytes have a 
high number of specific receptors while 
neutrophils have a relatively low num- 
ber”. Additional studies have demon- 
strated an interrelationship of MIP-I p 
with the adhesion molecules, CD44 and 
vascular endothelial cell adhesion mol- 
ecule I (VCAM-I), as these molecules 
(in combination with MIP-I p) have been 
shown to increase CD8+ T-cell binding 
to VCAM-I . These findings demon- 
strate a significant interplay between 
chemokines and adhesion molecules’2. 

Chemokines in Schistosome Egg 
Granuloma Formation 

Recent work in our laboratory using 
Schistosoma mansoni eggs to induce 
granulomatous responses has demon- 
strated an important role for MIP- I a in 
the circumovum responsel3. MIP- I a 
production during the primary gtanu- 
lomatous response is first apparent as 
early as Day 4, and continues to in- 
crease until peak gtanuloma formation 
at Day 16. MIP- I a levels correlate with 
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both leukocyte accumulation and the 
size of the developing granuloma. The 
production of MIP-la in secondary 
granulomas is accelerated, first appar- 
ent as early as Day I, peaking by Day 4, 
with persistent elevation at Day 8. 
These levels again correlate with accel- 
erated accumulation of leukocytes in 
the developing secondary granuloma. 
Neutralization of MIP-I a, in viva, during 
granuloma formation significantly dim- 
inishes both the primary and secondary 
granulomatous responses. Additional 
studies in our laboratory have suggested 
that MIP-la production is regulated by 
the presence of CD4+ T cells. These 
results are consistent with CD4+ T-cell 
regulation of granuloma formation 1. The 
predominant cellular source of MIP-I a 
in the developing granuloma appears 
to be the activated macrophages that 
surround the deposited egg. However, 
fibroblasts isolated and grown in vitro 
from developing granulornas also have 
the ability to produce MIP-lee upon 
stimulation. These latter data are con- 
sistent with other studies that have dem- 
onstrated stromal cell production of 
chemokinest4m16, suggesting a role for 
these cell types in leukocyte recruit- 
ment. In addition, neutrophils have also 
demonstrated the ability to produce 
MIP-I a and may indicate a primary role 
for these early recruited leukocytes in 
the initiation of extravasating mono- 
nuclear cells to a site of g~Qnulomatous 
inflammation17. 

Initial reports describeId MIP-I as a 
doublet consisting of 05 and j3 sub- 
units7,8. However, subsequent studies 
demonstrated that the two subunits 
are products of different genes and can 
function independently, having differ- 
ent effects on the immune systemlo. 
MIP- I a is proinflammatory with the abil- 
ity to activate macrophage function and 
induce cytokine production. In contrast, 
MIP- I p induces hemopoietic responses 
and does not have broad inflammatory 
effects’o. The production of each of the 
molecules can counteract the activity 
of the other, indicating antagonistic out- 
comes that may have relevance under 
various conditions in vivolc. Our studies 
have demonstrated that MIP-I a has a 
significant role in granulorna formation 
and leukocyte accumulation. MIP-I p may 
also contribute to the inflammatory 
response by inducing hematopoiesis of 
additional leukocytes to be recruited to 
the developing lesions. 

Other C-C chemokines may also be 
involved in the development and regu- 
lation of the schistosome granuloma. 
MCP-I is primarily a monocyte chemo- 
tactic factor that can be elicited from 

several cell types including epitheliall’J, 
endothelial’? smooth muscle (N.W. 
Lukacs et al., unpublished) cells, and 
fibroblaststs~‘9J0. MCP-I can also activate 
monocytes/macrophages and induce 
the expression of leukocyte integrins, 
CD I I b and CD I I c, on the surface of 
monocytes as well as induce produc- 
tion of IL-I and IL-6 (Ref. 21). In the 
schistosome egg-induced lesion, the pro- 
duction of MCP-I , similar to MIP-I a, 
correlates with leukocyte accumulation 
and granuloma size during all phases of 
the infection (S.W. Chensue et al., un- 
published). MCP-I was originally isolated 
from fibroblastsl8, and may have a func- 
tion in mediating fibroblast activation as 
the granuloma develops. Another C-C 
family member, RANTES, may also 
have a role in granuloma formations. 
This cytokine is chemotactic for mono- 
cytes, lymphocytes and eosinophils, and 
has also been demonstrated to activate 
and degranulate eosinophils; an event 
that can cause considerable pathological 
manifestations22. The role of RANTES 
on eosinophil biology is especially ger- 
mane to schistosome granuloma for- 
mation, since more than 50% of leuko- 
cytes within the lesion are eosinophils. 

The induction and regulation of the 
chemokines (mentioned above) would 
be pertinent for controlling granuloma 
formation and size. The induction of 
the C-C family of chemokines has pri- 
marily been described as in response 
to early response cytokines, IL-Ifi and 
TNFa. However, the development of 
the schistosome granuloma has been 
shown to be regulated by both Thl- 
and ThZ-type lymphokines, especially 
IFN-y and IL-4 which peak during early 
and peak granuloma formation, respect- 
ively2Je*3,24. Neutralization of IL-4 dur- 
ing the acute secondary granulomatous 
response diminishes the leukocyte ac- 
cumulation and correspondingly, lesion 
size3.23. This effect may be related to 
the capacity of IL-4 to induce directly 
MCP-I production by both endothelial 
cells’9 and smooth muscle ceil (N.W. 
Lukacs et al., unpublished). Interestingly, 
IL- IO, initially characterized as a sup- 
pressive ThZ-type cytokine25, can simi- 
larly induce MIP-la production from 
granuloma fibroblasts26. This would 
suggest a role for mesenchymal cells in 
the generation of C-C chemokines 
leading to cellular recruitment. These 
data also suggest that ThZ-type lympho- 
kines are able to induce chemokine 
production from various cell types 
within the schistosome gt-anuloma. The 
downregulation of IL-4 and IL-IO at 
the modulated stage2’ would therefore 
reduce chemokine production and 
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leukocyte recruitment, thus diminishing 
granuloma size. 

The induction of C-C chemokines 
during inflammatory schistosome egg 
granuloma formation is an important 
event leading to circumovum leukocyte 
accumulation, sequestration and the 
destruction of the parasite embryo. 
Production of C-C family chemokines, 
MIP-I a and MCP-I, during granuloma 
formation participates in the recruit- 
ment of particular leukocyte subsets to 
the lesion. However, the overproduc- 
tion of chemokines can lead to in- 
creased cellular activation and possibly 
severe fibrotic responses, thus damaging 
the surrounding tissue and eventually 
causing organ dysfunction. As yet, there 
is relatively little known about these 
extremely active cytokines; although 
the mechanisms of chemokine involve- 
ment in granuloma formation are not 
completely understood, it is likely that 
they serve an important role in chronic 
inflammatory events. Future studies 
should elucidate the specific activating 
and recruiting roles of the chemokines 
during chronic inflammatory responses. 
These studies can be approached util- 
izing in vivo neutralization of the chemo- 
kines with specific antibodies, as well as 
exogenous administration of recombi- 
nant cytokines during hemostatic and 
inflammatory conditions. These studies 
will demonstmte differential roles for the 
chemokines for recruitment of specific 
cell populations to the inflammatory 
foci and aid in determining mechanisms 
of cellular localization. 
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MVR-PCR Analysis of Hypervariable 
DNA Sequence Variation 

D.E. At-not, C. Roper and A.A. Sultan 

Techniques for accurate marking of infec- 
tious microbial agents circulating in popu- 
lations would be very useful to epidemi- 
ologists. In this article, David An-tot Co//y 
Roper and Ali Sultan review recent pro- 
gress in transferring MVR-PCR DNA finger- 

printing techniques from human forensic 
medicine to parasitology. 

A common feature among eukaryotic 
genomes is the occurrence of mini-sat- 
ellite repeats comprising short, tandemly 
reiterated DNA sequences, sometimes 
referred to as VNTR (variable number 
of tandem repeats) loci. High levels of 
inter- and intro-specific variation in the 
number of tandem repeats can occur at 
such loci. Where DNA probes exist that 
hybridize to many dispened mini-satellite 
sequences simultaneously, a genome 
‘fingerprint’ can be obtained for use as 
a taxonomic characteristic. Such tech- 
niques have been widely used in para- 
sitology, especially in species where 
morphological differentiation is difficult 
(eg. in Leishmanial). 

The Development of MVR-PCR 

Despite the usefulness of genomic 
fingerprinting, the method depends on 
the length variation of target sequences 
and such variation can be limited. Length 
variation is also quasi-continuous, making 
definitive allele identification difficult. 
This can limit population genetic analysis, 
since real (but unquantifiable) differences 
in allelic size usually have to be handled 
by effectively degrading the information 
content of the data (‘binning’)l. Mini- 
satellite variant repeat analysis using a 
specialized polymerase chain reaction 

(MVR-PCR, also known as the Jeffreys’ 
method) is a recently developed tech- 
nique that solves these problems by de- 
tecting allelic sequence polymorphism 
without the effort required by DNA 
sequencingx. The original version of the 
method exploits the hypervariable mini- 
satellite tandem repeats at a human 
interstitial locus on chromosome I (the 
DI S8 locus). There are two types of 
29 bp repeat at this locus that differ by 
a single G-A transition mutation, these 
are refer-red to as a-type repeats and 
t-type repeats. The a-type and t-type t-e 
peats show highly diverse interspersion 
patterns within different alleles. Oligo- 
nucleotide primers can be designed that 
specifically hybridize to each of the 
variants. Combining such variant repeat 
specific primer-s and a primer located at 
a monomorphic site in the DNA flank- 
ing the repeats, it is possible to gener- 
ate PCR products extending from the 
flanking primer to each a-type or t-type 
repeat. Interspersion patterns can then 
be ‘read’ from autoradiographs of the 
separation gel (which have a certain 
resemblance to supermarket product 
barcodes) and converted into allele- 
specific digital codes. 

Advantages and Flexibility 

Digitized codes derived from the se- 
quences of individual mini-satellite loci 
reveal more polymorphism than is de- 
tectable by allelic size comparisons and, 
therefore, more precise identification of 
individual alleles is achieved. This allows 
accurate allele-frequency estimation and 
simplifies standard population-genetic 
analysis. The technique is relatively 

simple, rapid and internally well con- 
trolled, in that the PCR fragment sizes 
are predictably spaced in the gel and are 
thus themselves accurate size mat-ken. 
This permits accurate comparison of 
the migration of different lanes, and 
makes intergel comparisons more re- 
liable. Digital codes are also easier to 
compile and compare using computers. 
The main obstacle to the adoption of a 
MVR-PCR system is that of finding suit- 
able MVR-PCR loci. Repeated DNA se- 
quences flanked by conserved regions 
exist in most eukatyotes but few have 
been conveniently characterized. An ex- 
ception is Plasmodium folciparum, which 
has many genes containing tandemly 
repeated DNA encoding conserved, re- 
petitive amino acid sequences. We have 
used these features of the P. falciparum 
circumsporozoite (CS) gene to develop 
an MVR-PCR assay that can reveal very 
high levels of DNA sequence polymor- 
phism at this locus4. Box I illustrates the 
principles of the technique as applied to 
an ideal target locus in a haploid organ- 
ism such as P. falciparum. MVR-PCR 
methodology must be adapted accord- 
ing to the ploidy of the organism, the 
size of the tandemly repeated unit and 
the extent of conservation of the flank- 
ing sequences. The P. falciparum system 
is adapted to the CS gene tandem- 
repeat unit of I2 bp and, since primers 
have to be around 20 bp, our CS gene 
variant-specific primers overlap two 
units. In CS genes inter-repeat variation 
creates ‘null’ positions that do not cross- 
hybridize with either primer and these 
positions are interspersed in the repeat 
array and contribute to allelic poly- 
morphism. The results of MVR-PCR re- 
actions on DNA extracted from blood 
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