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High expression of co-stimulatory and adhesion molecules are
observed on eosinophils during human Schistosoma mansoni
infection
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Herein we have focused attention on major phenotypic features of peripheral blood eosinophils from chronic
Schistosoma mansoni-infected patients. For this purpose, detailed immunophenotypic profiles of a range of cell
surface markers were performed, including activation markers (CD23/CD69/CD25/HLA-DR), co-stimulatory mol-
ecules (CD28/CD80/CD86), chemokine receptors (CXCRI/CXCR2/CCR3/CCRS) besides L-selectin-CD62L and
adhesion molecules (CD18/CD54). Our major findings pointed out increased frequency of CD23*-cells, besides
decreased percentages of CD69"-eosinophils, suggesting a chronic activation status with low frequency of early
activated eosinophils in chronic S. mansoni-infected patients (INT) in comparison to non-infected individuals (NI).
Moreover, a dichotomic expression of beta-chemokine receptors was observed during human schistosomiasis mansoni
with higher CCR5 and lower levels of CCR3 observed between groups. Enhanced expression of co-stimulatory
receptors (CD28/CD86) and adhesion molecules (CD54/CD18), besides striking lower frequency of L-selectin®
were reported for eosinophils from INT group as compared to NI. Interestingly, the frequency of CD62L"-eosinophils
and a range of cell activation related molecules pointed out an opposite pattern of association in NI and INT, where
only INT patients that display lower frequency of CD62L"-eosinophils (first CD62L tertile) kept the unusual rela-
tionship between the expression of L-selectin and the CD23 activation marker. These findings suggest that distinct
dynamic of activation markers expressed by eosinophils may occur during chronic S. mansoni infection.
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Eosinophils have been shown to play a major role in
the immune response to helminthic infections (Butterworth
et al. 1979, Hamann et al. 1987). In this context, trans-
endothelial migration is essential for eosinophil recruit-
ment from blood vessels into inflammatory tissues. At the
inflammatory site, further interaction with invading para-
sites occurs via adherence with subsequent larval dam-
age mediated by release of eosinophil toxic granular ef-
fector molecules, proinflammatory lipids, and cytokines
(Greene et al. 1981, Medina-De la Garza et al. 1990, Strote
etal. 1990, Brattig et al. 1991, Wildenburg et al. 1994). The
prerequisite for adherence of effector eosinophils to
parasite’s larval stages is their sequential activation and
chemotactic attraction that favor the eosinophils tether-
ing. The migration of mature activated eosinophils from
circulatory pools into the inflammatory foci depends on
specific upregulation of adhesion molecules and
chemokine receptors, which direct transmigration through
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apositive chemotactic gradient. This phenomenon seems
to represent the key element for eosinophils recruitment
that lead to accumulation of these proinflammatory cells
that surround the parasite in its microenvironment
(Pearlman 1997, Tachimoto et al. 2000).

The profile of cell surface molecules expression on
mature eosinophils resembles that observed for other leu-
kocytes. Upon activation, eosinophils express a wide ar-
ray of activation markers, such as CD23, CD25, HLA-DR,
etc. (Klion et al. 2004). Moreover, as mature lymphocytes,
successful eosinophil activation also requires interaction
mediated by co-stimulatory molecules by CD28/B7-1/B7-
2 pathway (Woerly et al. 1999, Shi 2004). Chemokine re-
ceptors are also important in the activation and migration
process of eosinophils. In this context CCR3 expression
by eosinophils seems to be involved in the activation and
degranulation of eosinophils (Lukacs 2001). Moreover,
the CXCR2 ligand-IL-8 has been shown to induce eosino-
phils chemotaxis (Petering et al. 1999).

Following cell activation, leukocyte recruitment still
represents a multistep process that includes leukocyte
tethering and rolling as well as firm adhesion to tissue-
matrix proteins. These processes are critical for eosino-
phil interaction to activated vascular endothelium as well
as for migration and tissue localization and are also impli-
cated in a range of effectors functions by these cells
(Schleimer et al. 1992). Several selectins and adhesion
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molecules are involved in this process. Besides L-selectin
(CD62-L), the major molecule expressed on the surface of
circulating leukocyte (Bevilacqua & Nelson 1993, Tedder
et al. 1995), eosinophils express a large number of adhe-
sion molecules including integrins (LFA-1/CD18) and
members of the immunoglobulin superfamily, such as
ICAM-1 (CD54) (Bochner & Schleimer 1994). The
counterligants for the selectins share common features of
carbohydrate ligands for selectins, named LewisX-related
structures (Davenpeck et al. 2000).

The hypothesis that the primary function of eosino-
phils is to defend hosts against infection by relatively
large organisms such as parasitic helminths is based on
the accumulation of observations that: (1) eosinophils
degranulation can kill helminths in vitro in the presence
of antibody and/or complement; (2) they move from the
blood and aggregate in the locality of helminths in vivo;
(3) large numbers of eosinophils are often seen in close
association with both intact and damaged helminths in
vivo; and (4) they clearly degranulate in the vicinity of, or
on to the surfaces of, helminths in vivo (Butterworth 1984).

To further address the involvement of eosinophil as
well as the mechanisms that stimulate their activation
during S. mansoni infection we analyzed the expression
of'a range of surface molecules on peripheral blood eosi-
nophils from chronically S. mansoni-infected patients
(INT) in comparison to non-infected individuals (NI). Our
major findings point to an increased in the frequency of
activated eosinophils with low frequency of early activa-
tion markers in INT.

POPULATION, MATERIALS AND METHODS

Study population - The study population consisted
of two groups of individuals named chronic S. mansoni
infected patients displaying the intestinal clinical form of
the disease (INT) and non-infected group (NI) (Table).
The INT group consisted of 19 patients, with age ranging
from 14-80 years, all living in Caju Village, in the munici-
pality of Jequitinhonha, an endemic area for S. mansoni
infection, situated in the state of Minas Gerais, Brazil.
Quantitative parasitological stool examinations and de-
tection of S. mansoni eggs was performed using Kato-
Katz method (Katz et al. 1972). INT patients did not re-
ceive any corticosteroids or other immunosuppressant
chemotherapy neither were treated for S. mansoni infec-
tion before blood collection. Upon positive laboratory di-
agnosis of schistosomiasis, all patients received treatment
with single dose of praziquantel, which was independent
on their participation in this study. All participants signed
an informed consent form prior to their inclusion in the
study.

Sixteen non-infected individuals were included as a
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control group consisting of volunteer blood donors age-
ing from 18-45 years, contacted at Hemominas Blood Bank
Foundation in Belo Horizonte, Minas Gerais, Brazil. All
non-infected volunteers were included after conclusive
negative parasitological diagnosis of S. mansoni infec-
tion besides negative serology for leishmanioses, HIV
(human imunnedeficiency virus) and hepatitis.

This work was approved by the Research Ethics Com-
mittees of the Fundagdo Oswaldo Cruz (Fiocruz).

White blood cell counts - Hemograms were performed
in automated hematological electronic counter (Coulter
MD18, US), using whole blood collected in 5 ml vacutainer
tubes containing EDTA as anticoagulant (Becton
Dickinson Biosciences, San Diego, CA, US). The param-
eters measured were global white blood cell counts and
differential analysis of leukocytes subpopulations includ-
ing the absolute counts of eosinophils.

Immunophenotypic analysis by flow cytometry - Hu-
man monoclonal antibodies (mAbs) - Anti-CD23 (M-L233),
anti-CD69 (BAF2359), anti-CD25 (3G10), anti-HLA-DR
(TU" 36), anti-CD28 (FAB342P), anti-CD80 (BAF140), anti-
CD86 (BAF141), anti-CCR3 (61828.111), anti-CCRS
(45502.111), anti-CXCRI1 (42705.111), anti-CXCR2
(48311.211), anti-CD62L (SK11), anti-CD18 (L130), and
anti-CD54 (LB2) mAbs labeled with phycoerithrin (PE).
Isotypic controls including mouse IgG1 (679.1Mc7) and
IgG2a (UCTH-1) also were used. All purchased from Becton
Dickinson.

Cell staining procedure - One hundred microliters of
EDTA whole blood were incubated in the presence of 5 ul
ofundiluted anti-human cell surface molecules mAbs for
30 min, in the dark and at room temperature. Then erythro-
cytes lysis was performed using 2 ml of FACS Lysing
Solution (Becton Dickinson), followed by incubation for
10 min, at room temperature. Leukocyte suspension was
further washed with 2 ml of phosphate-buffered saline
containing 0.01% sodium azide. Prior to flow cytometric
acquisition, stained cells were fixed in 200 ul of FACS fix
solution (10 g/l paraformaldehyde, 10.2 g/l sodium cacody-
late, 6.65 g/l sodium chloride) for at least 15 min at 4°C.
Data collection was performed using a flow cytometer
FACScalibur (Becton Dickinson, Mountain View, CA, US).
The CELLQUEST™ software provided by the manufac-
turer was used for data acquisition and analysis.

Analysis of eosinophils was performed by single color
immunophenotyping with FL-2/PE-labeled anti-cell sur-
face marker mAbs. Gating strategy was based on eosino-
phil selection by their autofluorescent properties on non-
related FL-3 channel versus forward scatter (FSC) graphs.
Eosinophil subpopulations were identified using FSC ver-
sus FL2/anti-cell surface molecules-PE dot plots. A con-

TABLE
Demographical characteristics from Schistosoma mansoni infected and non-infected population
Age
Groups Code median (range) Male Female Total
Non-infected NI 26 (18-45) 5 11 16
S. mansoni infected INT 30 (14-80) 6 13 19
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firmatory graph was also set up to identify the eosino-
phils on FSC versus side scatter (SSC) dot plot distribu-
tion confined into a region of high cell complexity. Data
are presented as percentage of eosinophils expressing a
given phenotypic marker, except for CCR3 and CD18 that
were submitted to a semi-quantitative analysis on single
color histograms of FL2-PE fluorescence intensity, as data
analysis performed as Mean Fluorescence Intensity

(MFI).

Statistics - Differences between groups were first
evaluated by MINITAB 13.20 software (San Diego, US) to
test three hypotheses: independence, normality and vari-
ance of data sets. Considering its non-parametric nature,
all data sets were analyzed by Kruskal-Wallis followed by
Dunns test with further analysis by Spearman’s rank cor-
relation test using the Graphpad PRISM 3.03 software.
Significance was defined in both cases at p <0.05.

RESULTS

Chronic human schistosomiasis is accompanied by
eosinophilia and phenotypic features suggestive of
chronic activation status with low frequency of early
activated eosinophils - The phenotypic profile of major
eosinophil activation markers is presented in Fig. 1. Data
analysis demonstrated that INT display a significant in-
crease in the absolute counts of eosinophils as compared
to NI (Fig. 1 A). This eosinophilic profile was accompa-
nied by a dichotomic activation profile with increased fre-
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quency of CD23* eosinophils (p <0.0001) in the absence
of phenotypic features of early activation status, as dem-
onstrated by lower frequency of CD69* eosinophils (p <
0.0001) in comparison to NI (Fig. 1B, C). No significant
differences were observed for CD25 and HLA-DR expres-
sion by eosinophils (Fig. 1 D, E).

Dichotomic expression of beta-chemokine receptors
is observed during human chronic schistosomiaisis
mansoni - The pattern of alpha- and beta-chemokine re-
ceptor expression on eosinophils during chronic schisto-
somiasis mansoni is illustrated in Fig. 2. No differences
were detected for alpha-chemokine receptor analysis, re-
garding CXCR1 and CXCR2 expression (Fig. 2 A, B). In-
terestingly, data analysis demonstrated a dichotomic beta-
chemokine receptors profile characterized by higher fre-
quency of CCR5" eosinophils (p <0.0001) despite signifi-
cant decrease of CCR3 expression (p = 0.002) in eosino-
phils from INT patients, when compared to NI (Fig. 2D, C,
respectively).

Enhanced expression of co-stimulatory receptors and
adhesion molecules but lower frequency of L-selectin™
cells are observed in eosinophil population of infected
patients - The pattern of co-stimulatory receptors (CD28,
CD80, and CD86) and adhesion moleculres (CD54 and
CD18) expression by eosinophils during chronic intesti-
nal schistosomiasis are presented on Fig. 3. Data analysis
revealed that despite the maintenance of CD80 expres-
sion by eosinophils (Fig. 3B), schistosome infected pa-

Absolute counts

1200
A

600

# of cells/mm3

5

0
NI INT
vog.Lc0%] g Lc0%8] ) r0g L HEADR|
B c D E
@ 754 75 75 75
8
N *
2 50 50 50 50
g
k]
® 254 25 25 25
— —_ T 1
0 0 0 0 L
NI INT NI INT NI INT NI INT

Fig. 1: absolute counts (A) and activation marker expression (B-E) by peripheral blood eosinophils from Schistosoma mansoni infected
patients — INT (M= 16) and non-infected individuals — NI (O= 19). The selection of eosinophils was essentially based on their autofluorescent
cells using non-related FL-3 channel versus forward scatter (FSC) and the analysis of activated eosinophils was carry out by single color
immunophenotyping. The results are expressed in box-plot format highlighting the gap of 50% of data set measurement for the
percentage of CD23% (B), CD69" (C), CD25" (D), and HLA-DR™ (E) eosinophils. * Significant differences were considered at p < 0.05.



tients displayed increased frequency of CD28" (Fig. 3A, p
<0.0001) and CD86" eosinophils (Fig. 3C, p=0.002), as
well as higher levels of CD54" eosinophils (Fig. 3E, p =
0.0337) expressing higher levels of the CD18 molecule (Fig.
3F, p = 0.0060) when compared with the control group.
Striking was the strong downregulation of CD62L expres-
sion by eosinophils in chronic schistosomal patients (Fig.
3D, p <0.0001) in comparison to the control group. To-
gether, these findings reinforce our observation that eosi-
nophils express an activated phenotype during chronic
intestinal S. mansoni infection.

CD62L is increased during human Schistosoma
mansoni infection - Correlation analyses of CD62L ex-
pression together with a range of other cell activation
related molecules (CD23, CD25, CD28, CD80, and CD86)
are presented on Fig. 4. Interestingly, our results show a
well-defined opposite pattern of association between the
profile of the activation molecules and the CD62L expres-
sion on eosinophils in infected patients when compared
to non-infected individuals. While a negative association
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Fig. 2: alpha and beta-chemokine receptor expression by periph-
eral blood eosinophils from Schistosoma mansoni infected patients
— INT (M= 19) and non-infected individuals — NI (O= 16). The
selection of eosinophils was essentially based on their autofluorescent
cells using non-related FL-3 channel versus forward scatter (FSC)
and the analysis of activated eosinophils was carry out by single
color immunophenotyping. The results are expressed in box-plot
format highlighting the gap of 50% of data set measurement for
the percentage of CXCR1" (A), CXCR2" (B), CCR5" (D) cells and
the mean fluorescence intensity of CCR3 expression by eosino-
phils (C). * Significant differences were considered at p < 0.05.

profile was observed in NI, an opposite picture was iden-
tified in INT, with a positive association between all evalu-
ated cell activation markers and the CD62L expression by
eosinophils. Additional data analysis (Fig. 5) focusing on
the expression of CD62L by eosinophils from INT patients
using tertile, showed that the unusual relationship be-
tween the expression of L-selectin and most cell activa-
tion related markers was maintained in individuals in the
first tertile, whereas those patients in the second CD62L
tertile shared the CD62L expression profile with that of
non-infected individuals.
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Fig. 3: co-stimulatory markers, adhesion molecules and L-selectin expression by peripheral blood eosinophils from Schistosoma mansoni
infected patients — INT (M= 19) and non- infected individuals — NI (O= 16). The selection of eosinophils was essentially based on their
autofluorescent cells using non-related FL-3 channel versus forward scatter (FSC) and the analysis of activated eosinophils was carry out
by single color immunophenotyping. The results are expressed in box-plot format highlighting the gap of 50% of data set measurement
for the percentage of CD28% (A), CD80" (B), CD86" (C), CD62L* (D), CD54" (E) cells and the mean fluorescence intensity of CD18
expression by eosinophils (F). * Significant differences were considered at p < 0.05.
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Fig. 4: correlation between the frequency of L-selectin™ eosino-
phils and the expression of a range of cell activation related mol-
ecules (CD23, CD25, CD28, CD80, and CD86) by peripheral blood
eosinophils from Schistosoma mansoni infected patients — INT (®
= 19) and non-infected individuals — NI (O=16). The results are
expressed as scattering of individual values. Spearman correlation
indexes (r) at p values are shown on graphs. Significant differences
were considered at p < 0.05. Connecting lines illustrate positive and
negative correlation indexes.

DISCUSSION

Eosinophilia has been pointed out as a hallmark of
many helminthic infections, including S. mansoni (David
etal. 1980, Allen & Maizels 1996, Heukelbach et al. 2006).
During acute S. mansoni infection, both in experimental
models and humans the cellular infiltrate typically observed
on hepatic granuloma is constituted predominantly by
eosinophils and monocytes (Bogliolo 1959, MacLaren et
al. 1987). Despite major changes on the granuloma cellu-
larity following immunodulation that takes place during
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the chronic infection, the eosinophils may play important
role in the innate immune response of chronic infected
patients as they represent a relevant protective anti-
schistosomula mechanism (Capron & Capron 1992, Capron
1992). Moreover, the numbers of eosinophils increase fol-
lowing re-infections its relevance during S. mansoni in-
fection should be considered.

In the present study, we have addressed the activa-
tion status of eosinophils focusing the attention on major
phenotypic features of peripheral blood eosinophils from
chronic S. mansoni infected patients. Detailed immu-
nophenotypic profiles of a range of activation markers
were performed, including analysis of CD23, CD69, CD25,
and HLA-DR. The increased frequency of CD23 supports
the chronic activation status of eosinophils during long
term S. mansoni infection. Similar findings have also been
reported by Sedgwick et al. (1992) and Mengelers et al.
(1994) in aiways eosinophils of the chronic eosinophilic
pneumonia. Monteseirin et al. (1996) reported that CD23
(FceRII) expression on the eosinophil surface is a frequent
finding following activation and represents the pivotal
link for the IgE dependent eosinophilic effector function.
The lower percentage of CD69" eosinophils is suggestive
of a minor contribution of early activation events during
this process. Nishikawa et al. (1992) demonstrated that
lung eosinophils obtained from the bronchoalveolar lav-
age fluid of patients with eosinophilic pneumonia ex-
pressed significant levels of CD69, whereas peripheral
blood eosinophils did not express CD69. In our study we
have found that CD69 was not expressed on peripheral
blood eosinophils from patients with chronic S. mansoni
infection. On the other hand, Morii et al. (1993) have dem-
onstrated consistent CD69 expression by lung eosino-
phils in patients with eosinophilic pneumonia. We cannot
exclude the possibility that early eosinophil activation
events could represent a compartmentalized phenomenon,
not detectable in peripheral blood where these cells may
be at late stages of activation being more prone to migrate
to the inflammatory focus. This hypothesis may also ex-
plain the inconsistent expression of other cell activation
markers such as CD25 and HLA-DR observed in the
present study. We are currently addressing this issue in
experimental S. mansoni infection, characterizing the ex-
pression of activation markers by eosinophils in different
compartments following acute and chronic S. mansoni
infection.

Kromer et al. (1995) demonstrated that eosinophils and
neutrophils can be attracted and activated by host media-
tors or antigens excreted or secreted (E/S) by parasites of
the Onchocerca volvulus. In this context, major changes
in the expression of molecules directly involved in the
migratory events may be relevant to control the eosino-
phil transmigration flux from the blood vessels to the in-
flammatory site. Despite the importance of chemokine re-
ceptors in tissue accumulation of eosinophils (Nagase et
al. 2001), little is known about the expression of chemokine
receptors on blood eosinophils during chronic schisto-
somiasis. Aiming to evaluate this putative role of these
receptors we have investigated the profile of CCR3, CCRS,
CXCRI1, and CXCR2, as well as of L-selectin (CD62-L) and
the adhesion molecules CD18 and CD54 expression on
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Fig. 5: correlation between the frequency of CD23" eosinophils and distinct pattern (first, second, and third tertile) of L-selectin
expression by peripheral blood eosinophils from Schistosoma mansoni infected patients — INT (®= 17) and non-infected individuals — NI
(O= 15). The results are expressed as scattering of individual values. Spearman correlation indexes (r) at p values are shown on graphs.
Significant differences were considered at p < 0.05. Connecting lines illustrate positive and negative correlation indexes.

esosinophils. A dichotomic expression of beta-chemokine
receptors was observed during human chronic schisto-
somiasis mansoni with higher CCRS5 and lower levels of
CCR3 observed between INT and NI groups. There are
conflicting reports on the expression of chemokine recep-
tors on human blood eosinophils. Despite the relevance
of CCR3 for eosinophil maturation, recruitment and chemo-
taxis induced by eotaxins — CCL11, CCL24, and CCL26
(Dombrowicz & Capron 2001), the expression of CCR3 by
eosinophil can not be an essential factor for eosinophils
activation, since other chemokine signaling mechanisms,
via non-CCR3 pathways has been also reported. Sabroe
et al. (1999) demonstrated that CCL3 (MIP-1-alpha) in-
duced a potent response by eosinophils via a non-CCR3
pathway, that is likely to be mediated by CCRS. Our find-
ings support this latter hypothesis in that this mechanism
could represent an effective pathway of eosinophils acti-
vation in S. mansoni infected patient. This is further sup-
ported by the fact that eosinophils from these individuals
express lower density of CCR3 but higher frequency of
CCRS5. Dulkys et al. (2001) demonstrated that the expres-
sion of CCR3 by eosinophils is downregulated in response
to IL-3 during allergic and inflammatory diseases, we sug-
gest that similar mechanism may take place during human
schistosomiasis.

In addition to these findings, our data revealed an
enhanced expression of co-stimulatory receptors (CD28,
CDS86) and adhesion molecules (CD54 and CD18) as well
as a striking lower frequency of L-selectin on eosinophils
from INT when compared to NI. Expression of CD28 and
CDS86 has been detected on eosinophils after culture with
interleukin-3 (IL-3), granulocyte-macrophage colony-
stimulating factor (GM-CSF) and IL-5 (Woerly et al. 1999,
Celestin etal. 2001). In addition, CD28 and CD86 are co-
stimulatory receptors involved in antigen presentation
(Ueda et al. 1995, Freeman et al. 1995). The enhanced of
expression of CD28 and CD86 by blood eosinophils from
INT may therefore be linked to the well-known T-cells
Th2 response in helminthes mansoni.

Interestingly, the frequency of CD62L"-eosinophils
and a range of cell activation related molecules pointed
out an opposite pattern of association in NI and INT, where

only INT patients that display lower frequency of CD62L"-
eosinophils (first CD62L tertile) kept the unusual relation-
ship between the expression of L-selectin and the CD23
activation marker. Schleimer et al. (1992) have demonstrated
that eosinophil adhesion to activated vascular endothe-
lium is closely related to the expression of L-selectin and
carbohydrate ligands for selectins (Lewis*-related struc-
tures). Moreover, eosinophils migration, tissue localiza-
tion as well as activation and effector function towards
schistosomula targets may be influenced by the L-selectin
expression profile.

Taken together, our major findings suggested that dis-
tinct dynamic of activation marker expressed by eosino-
phils may be occurring during chronic infection with S.
mansoni. We postulate that the remarkable drop on L-
selectin expression by eosinophils may result from the
binding of parasite-derived antigens on the eosinophils
surface which may explain the conflicting relationship
observed between the CD62L profile and the expression
of arange of cell activation markers. As the Lewis*-related
molecules as well as other cell-adhesion molecules similar
to selectins have been described on the surface of S.
mansoni (Nutten et al. 1999), it reasonable to infer that
LewisX carbohydrate structures derived from parasite an-
tigens may account for the downregulation of CD62L on
the eosinophils surface. We have already standardized a
reliable in vitro system to investigate this hypothesis, by
incubating purified eosinophils in the presence of several
parasite-derived antigens.
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