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ABSTRACT

Pathogenesis of Plasmodium falciparum infection was investigated
by determination of cytokines in the brain tissues of fatal malana.
Histopathology examination of the brain tissues showed infected red cell
(PRBC) occlusion in 100% of microvessels of cerebral malaria (CM). This
was different from the noncerebral malaria (NCM) that there was no
PRBC occlusion in the vessels. Edema and ring haemorrhage were found
only in the CM case. Using the indirect immunofluorescence assay,
moderate to high levels of TNF-o, IFN-y, IL-1p, and L5410 were found in
the brain of CM case but IL-4 was low or absent. On‘contrary the IL-4
level was high in the brain of NCM case but TNF-a, IFN-y, IL-1B, and IL-
10 were either low or absent. These results suggc;ﬁ*ﬁ)at cytokines in the
brain tissues involve in the histopathogenesis but, unlike the plasma
cytokine level, it is not associated with mortality of malaria.

Determination of mRNA of these cytokines from frozen brain
tissues by polymerase chain reaction was uninterpretable which might be
due to the loss of mRNA during extraction or storage of the tissues. A new
technique of in situ PCR-hybridization will be tested with the new frozen
tissues in the future.



e e

AnUszaen

1. WenBsudsuiiauecszdiimes cytokines Tuileidasuemesdidetingas
cerebral malaria fiu noncerebral malaria
2. tWams9aM7 cytokines Rwagluzives mRNA Tuilaideasnese@etindn

cerebral malaria

wr ad - 8
ﬁ':'mﬂ'mtgua:nu'mau’m':ﬂa
- e J - L g ] . a :,

un 487 asnnuduiug roud wneni dna lulzannanFadunimdeans

. -4 ol L ] -~ - at - & a a »
cytokines FissniAnmitsvaiuisiirasmsiianaganmnluaiuosidrAgyaiing

X , ol

veaffaidannmiFouunmuus wesnaFeduanes cerebral malaria Turzudranditoei

- % o X o - -‘ - : ] 1 - L3 Lrenl
MIAmle n1TIENEdTUMTe  uaznauiusedliandiatuetvdaiies Ao linng
ArzfunmMnuIssrsHuiA e eme  Wllaziintenssdusduladentaum
- [ 8 - o« ] J L4 L.
1in 1y vonluTuder wealazda uss wondntdl Bilinmsmeusussdalaiings

a - N -‘ J v E ] -~ | -l

Antfinet] wmnrpeuaustLLwilRmIRL IR e fiRn@dennunsife Ae nz
. o o - ) . £ - « 5 m al

usasrrhlsfiunguuicnFunda cytokines Salrznausdon wile namine uasdunudian
' - -‘ [] ] . -~ - 1

AN Tl AR IATISNLANT cytokines uwafialuiRensesdfiledin

TraunaniFmiu DarmduiusednitiodAniuanupiunisalianiaife  uazsnue

J [] % -4 i) n - » x ‘J lJ -
maAnmitinanedlannisl Ainewdndl cytokines unriisnegluiinitisnddny

X d4 :
19w ileifieaussrefifuFindan cerebral malaria

- L

HAITUISE (f manuscript NUULNN)
- : J » 3

annERsanEnEsnnIsilaBiasussraad#uTin 2 ngu Ae nqu cerebral
malaria uaz n§u noncerebral malaria #atl hematoxylin & eosin staining Wuwwin
aianuesainsn cerebral malaria axfuimdenuaidinds sequester afluikuiden

o - o il aJ -J -l at
dasduausin uazAau 100% a9 i wiRasinms  amieuiulume
noncerebral malaria Fenudthifiindesunindeaghadufondes SNz
edema uaz ring haemorrhage w1 cerebral malaria fiuanndnluse noncerebral
, , X 4 L - -

malaria €74 infiltration 129 leukocytes Tuitiniiasuatedia 2 nguiifeudnias

L] - ; J y ) [
vitehifee nammsaavn cytokines haiieiBiasusunanFuufisursuinangy cerebral



. - ¥ . J -‘ . . 3 »
malaria uazngu noncerebral malaria Tagfisn rdieniiaiiadng antibodies wudt ngw
. =4 - '
cerebral malaria fnfhinas TNF-QL, IFN-Y, IL-‘IB, ez 1IL-10 aglursAuge ussedl
¥ L .. 4 N 1] -t J L]
Uiuos IL-4 etflursdusn 1auﬁv1'lﬁﬁﬁ:uﬂnmwnm_f§mmwmﬂﬁwu'lunqn noncerebral
. - - . : - 5 J ¥ ]
malaria Agazll cytokines Wawusegluzzdumeniu IL-4 Feesfiaghufunngnd
Lo . oo d X 4 - —_— of
Cytokines 87 usaedn cytokines nranuluilad@aausarainaodasiuwarganind
; J ¥ . ) Lt o ALK g
wuiluideaide wi cytokines wsifliusmpudiniudiumsdeiinmedilednie
- o - P e . - .
AT NENTURNANAUANY cytokines nguithufeagilee cerebral malaria use
o e 1 ° o o ol
usanaudiuiiunInReTin useniildmudnudunsauussididanefinuiugs
J - ] 1] » - 4 ]
Wailunisiududn auuanswees cytokines lursAuldsAunwulungu
. 1 0 ::' ] J - 1 _~
cerebral malaria uszn§i noncerebral malaria MaduaruuanANHIIATUAT Wia
) 3 -y » J - 3 e X b I
Whumaruuansinlussesiaasinimuen cytokines MaTuhuiniaunaGoudas
a . 5 4 -: & &
g AnIMsAn MRNA 184 cytokines hullafissuasmiulredtutuderingide
oley b s . ] “r ' e ey
FAndnn cerebral malaria uaz noncerebral malaria usiraunweemAINAMET I lAna
o ] -l -l : -4 » : oo - -
anlha ndAe SMNMIIEEATEN MRNA AINILALEHSRNEINANTU WL INBINEUNY
- X :
Yhnm mRNA fsfauaindimfeaofignnssdudon concanavalin A ufa Al
X d E 4
mRNA aniiaiflasuesluFuouimissnin  uasilians1gmunAzauy mMRNA - 189
. s . . + 1 4 t
cytokines #1873 polymerase chain reaction us: electrophoresis us2 s
. 3 J -~ ] %
araanu mRNA 129 cytokines lahuitladiasusdld snuadangriiierasplld 2 ww
=i
Al
N ’-’r - 1 [ -« [
1) nsadnldsiutes cytokines TususniufsruetitranFoinhild mRNA
— x4
184 cytokines BuAweghuiiaEasusassy
g L4 . J o : J o -
2) Mg tdiree MRNA 183 cytokines NeglhubisiEiennes mhinzania
Zr 3 L - - -4 J -
MRNA lEnabid nedardulanmsiseiasnme@iinmmaniiiszininmn

S lun@nensiaty 19u naslE in situ PCR hybridization uu tissue sections

-4 «

NITANUN
o o o ) i o e A . , .
naanAdeiln 3 lAduAedAnuiuiliTadRa Cytokines associated with

pathology in the brain tissue of fatal malaria s American Journal of Pathology.



Cytokines Associated with Pathology in the Brain Tissue of Fatal Malaria
Yaowapa Maneerat', Emsri Pongponratn®, Parnpen Viriyavejakul’,
Benjanee Punpoowong’, Sornchai Looareesuwan’, Rachanee Udomsangpetch®
'Department of Tropical Pathology, Faculty of Tropical Medicine, “Hospital for Tropical
Diseases, Faculty of Tropical Medicine, *Department of Pathobiology, Faculty of

Science, Mahidol University, Bangkok, Thailand

Address of correspondence: Rachanee Udomsangpetch, Ph.D.
Department of Pathobiology
Faculty of Science, Mahidol University
Rarna 6 Road, Bangkok 10400
Tha:iland |

Fax No. 662-246 1379



ABSTRACT

Cytoadherence of Plasmodium falciparum-infected erythrocytes to the brain
microvascular endothelial cells is believed to be important cause of circulatory blockage
in cerebral malaria. Cytokines released during the acute infection can activate endothelial
cells leading to increase binding of infected erythrocytes due to subsequent increase of
adhesion proteins. This effect may be direct and more potent with the tissue-localized
cytokines in the brain. In this study paraffin-embedded brain tissues of cerebral, and of
noncerebral malaria were compared. The difference in histopathologic changes of each
case was clearly shown. The results demonstrated that tissue-localized TNF-a, IFN-y,
IL-1$, and IL.-10 in the brain were associated with cerebral malana. IL-4 was the only
cytokine presented at high level in the brain tissue of noncerebral malaria. No elevation

of the adhesion proteins could be demonstrated in the brain tissues of ali malana cases.



]NTilODUCTlON

Malaria remains one of the serious public health problems in tropical countries.
The important cause of severe malaria in human is Plasmodium falciparum infection that
can lead to cerebral complication and death (review in 1). Sequestration of the
erythrocytes containing mature forms of P. falciparum in post capillaries may play
pathogenic role (2). Two properties of P. falciparum-infected erythrocytes involved in
the vascular obstruction are cytoadherence (3) and rosetting (4). Histopathology of the
brain and other organs in human cerebral malaria are well known. However, there is no
appropriate animal model for demonstrating the mechanism in histopathogenesis of
cerebral malaria. Immunoclogically, P. falciparum antigens are shown to stimulate
cytokine production in vitro by different cell types including monocytes (5) and
endothelial cells (6). Elevation of plasma cytokines, i.e. TNFa, IFN-y, IL-1 (5), and IL-6
(7) has been shown to associate with severity of falciparum malaria. In vitro studies also
show that cytokine-activated endothelial cells increase expression of adhesion proteins
such as intercellular adhesion molecules 1 (ICAM-1) (8), vascular adhesion molecules 1
(VCAM-1), and E-selectin (9). However, involvement of cytokines and adhesion
proteins in histopathogenesis of cerebral malaria is not known. Our recent study has
shown cytokine localized in the brain tissue of cerebral malaria (10). We therefore
investigated further: i) whether cytokines in the brain tissues would be different in
cerebral and noncerebral malaria, and ii) whether tissue-localized cytokines would be

associated with the expression level of the adhesion protein on endothelial cells.



MATERIALS AND METHODS
Brain tissues

Paraffin-embedded brain tissues (cerebrum) from 4 fatal . falciparum-infection
were obtained from specimen collection between 1985-1990 at the Department of
Tropical Pathology, Faculty of Tropical Medicine, Bangkok, Thailand. The specimens
were defined as cerebral (n=2) and non-cerebral (n=2) malaria according to the clinical
measurements and coma scale (11). Detail clinical data on admission of each case are
shown in Table 1.

Histopathology

The paraffin-embedded brain tissues were sectioned at 7 um thick, and routinely
processed for staining with standard Mayer’s hematoxylin & eosin. The stained brain
tissues were carefully examined with hght microscope. Histopathology of the brain
tissues of cerebral and non-cerebral malaria cases was then compared.

In addition, parasitized red blood cell (PRBC) sequestration was quantified by
examination 100 cerebral microvessels in each case and expressed the number of cerebral
microvessels with sequestered PRBC as percentages of sequestration.

Monoclonal Antibodies

Primary antibodies; Murine monoclonal antibodies (MAD) to cytokines including
TNF-o, IFN-y, IL-18, IL-4, IL-10 were obtained from Genzyme Diagnostics, MA, USA.
MAD to adhesion proteins including ICAM-1, VCAM-1, E-selectin were from Becton
Dickinson, CA, USA. MAb to CD36 was from Sigma, MO, USA.

Secondary antibody: F(ab’); fraction of goat anti mouse IgG-conjugated with
fluorescein isothiocyanate (FITC) from Sigma, MO, USA.

Indirect Inmunofluorescence Assay



Brain tissue sections were deparaffinized at 50°C for at least 4 hours, rinsed in
xylene twice for 5 min each, and gradually rehydrated twice in absolute ethyl alcohol,
90% and 70% ethyl alcohol for 5 min each, then rinsed gently in running tap water for §
min, and rinsed briefly with 0.1 M phosphate buffered saline (PBS) before used in
immunostaining. The brain sections were incubated with an optimal concentration (40
ug/ml) of MAD to each cytokine, adhesion protein and CD36 in a humidified chamber for
30 min at room temperature. The sections were washed 3 times, 5 min each, in 0.1 M
PBS, then incubated with FITC-conjugated F(ab’), goat anti-mouse IgG at 1:100
dilutions for 30 min, washed as above and mounted with fluorescent mounting medium
(DAKO Corporation, CA, USA). The brain sections were then examined under a
fluorescence microscope. Intensity of the staining was scored as - = no staining, + =

weak staining, ++ = moderate staining, and -+++ = strong staining.



RESULTS
Histopathology

Histopathologic changes of the brain tissues between cerebral and noncerebral
malaria cases were compared in Table 2.

Cerebral malaria: All cerebral capillaries in the brain sections of the two cerebral
malaria cases were congested with PRBC (100% sequestration). Cerebral edema,
determined by the gross presence of uncal hernia in post-mortem brain and histological
widening of the Virchow-Robin space, was observed only in the brain of case No. 2.
Ring or perivascular hemorrhages were also observed in white matter of both cerebral
malaria cases but more predominant in case No. 2. Few inflammatory cells, monocytes
and lymphocytes, were noted in the blood vessels of case No.2.

Noncerebral malaria: Brain sections of the two noncerebral malaria cases showed
no PRBC sequestration. No haemorrhage nor cerebral edema was seen. Only congestion
of uninfected erythrocytes in the vessels was observed in the brain and meninges of both
cases. Most of nerve cells, glia cells and the stroma were almost found normal.
Determination of tissue cytokines

An indirect immunofluorescence assay was used to determine the presence of
cytokines and adhesion proteins in the brain tissues of cerebral and noncerebral malaria.
The expression levels of these cytokines were compared in Table 3 in order to evaluate
an association between the two malaria groups.

Cerebral malaria: Cytokines found in the brain tissues were TNF-a, IFN-y, IL-
1B, and IL-10. The intensity of fluorescence staining were moderate to strong
Distribution of these cytokines was typical as TNF-a was found in the nerve cell and
filamentous tissues (Figure 1A) compared to the negative staining (Figure 1B). IL-1f

(Figure 1C) and IL-10 (Figure 1D) were found in bundles of filaments like nerve fibers.



TFN-vy was found in the white matter area adjacent to either the blood vessels or the
nerve fiber (Figure 1E). Very weak staining of [L-4 was found (not shown).

Noncerebral malaria: In contrast to those found in cerebral malaria, moderate to
strong fluorescence staining intensity of IL-4 (Figure 1F) was observed in the area
adjacent to blood vessel. A weak staining of TNF-o, IFN-y, IL-18, and IL-10 was
occasionally seen (not shown).

Determination of adhesion proteins.

Immuncfluorescence staining of adhesion proteins (ICAM-1, VCAM-1 and E-
selectin) on the endothelial wall of medium to large size blood vessel was negative or
found at low level. There was no staining at the endothelial lining of the capillaries. The
staining intensity of these adhesion proteins between cerebral and noncerebral malaria

showed no difference. CD36 was not found in any of the brain tissue studied.



DISCUSSION

Observation in histopathology of the brain tissues of the cerebral malana
compared to that of noncerebral malaria confirmed that percentages of parasite
sequestration in the brain microvessels was a striking difference between the two malaria
groups. This finding has been shown previously in an electronmicroscopic study by one
of our co-authors (2). Although the cerebral malaria case No.1 had higher coma score
and percentage of parasitaemia on admission, the histopathologic examinations showed
that brain tissues of case No.2 had edema and complete occlusion of the microvessels
with PRBC. The occlusion was more sporadic in case No. 1. This suggests that parasite
sequestration alone does not account for the cerebral complication in these cases.

By indirect immunofluorescence, we could demonstrate the expression of TNF-
a, [FN-y, IL-1p, and IL-10 in the brain tissues of cerebral malaria. These observations
were in line with other studies showing that elevation of plasma TNF is associted with
severity and mortaliy of falciparum malaria (5, 7,12). In a hyperparasitaemic patient, high
level of IFN-y is released from activated T cells and potently synergises in activation of
monocytes to produce TNF-a (13). Tissue-associated IL-1p in our study was consistent
with the role of TNF-¢ in stimulation of IL-1p production described previously (14).
Increased level of IL-10 in sera during acute P. falciparum infection (15) may be
associated with the localization of I1.-10 in the brain tissues of cerebral malaria. In
addition, the levels of cytokines-associated in the tissue was stronger in case No.2 whose
pathologic change was more severe than case No.1, and the two noncerebral malaria
cases. It is, therefore, concievable that the tissue-localized cytokine in the brain is
associated with histopathogenesis and induction of cerebral complication.

Our findings showed marked differences in the type of cytokines found in the

brain tissue between cerebral and noncerebral malaria. The differences were not only in



the level of cytokines found, but also showed group specific related to histopathogenesis
and cerebral complication in falciparum malaria. TNF-a, [FN-y, IL-1f, and IL-10 were
undoubtedly shown in the brain tissues of cerebral malaria, whereas IL-4 was clearly
shown in the brain tissues of noncerebral malaria. This finding was consistent to that
observed in P. berghei ANKA infection of CBA/J mice in which mRNA of TNF-a and
IFN-y, but not IL-4, were eievated (16). A recent study in mouse infected by human
babesia, Babesia microti (B. microti) or WA1 demonstrates pathogenic effects of
cytokines (17). The fatal WA 1-infected mice increase production of TNF-a and IFN-y in
the brain throughout the infection. The survived B. microfi-infected mice, on the other
hand, increase production of TNF-o, IL-10 and IL-4 early in the infection, and decrease
in the levels during late infection (17).

Previous studies indicate the importance of CD36 (18) and adhesion proteins,
including ICAM-1 (12), VCAM-1 and E-selectin (10} in cytoadherence of PRBC,
implying the role of these molecules as receptors on endothelium of the brain
microvessels. In addition, upregulation of ICAM-1 by cytokines, particularly TNF, is
important in cerebral malaria (19). Our results could not demonstrate the elevation of
adhesion proteins nor CD36 in the brain tissues of both cerebral and noncerebral malaria.
However, increase adhesion protein level on the endothelial wall of the vessels in
cerebral malaria has been shown recently (20). Whether this is due to the difference
shown between paraffin-embedded and frozen tissue remains to be investigated.

This study added more information to the understanding of the involvement of
cytokines and adhesion proteins in histopathogenesis of severe and cerebral malaria.

However, much unknown remains to be unraveled.
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Figure 1. Immunofluorescence staining of the brain section from fatal malaria. Cerebral
malaria case No. 2 (A) TNF-a in neuron (magnification x 200), (B) neuron of
noncerebral malaria shows negative staining (magnification x 400), (C ) TNF-« in the
nerve fiber of case No. 2 (magnification x 400), (D) IL-10 in the nerve fiber of case No.
2, (E) focal staining of IFN-y in the white matter {(magnification x 200), (F) IL-4 in white
matter of noncerebral malaria case No. 3 (magnification x 200), n = neuron, — = nerve

fiber, bv = blood vessel.
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Table 1. Patient history and some clinical data on admission

Group of Age Coma' Conciousness Parasite/pl Duration of Duration of

severity (years) score illness (days) hospitalization

Cerebral

No.1 54 2 Unrousable, motor response non- 314,120 6 14 hours
localizing

No.2 18 2 29,900 10 4 hours

Noncerebral

No.3 26 0 Rousable to fully concious 9,140 5 1 day

No.4 17 0 41,550 5 4 days

! Cerebral malaria coma scale established by Warrell et al, 1988 (14)
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Table 2. Important pathological findings in the brain tissue of cerebral and noncerebral malaria

Group of Parasitized red cell Degree of Ring haemorrhage Mononuclear cell
sequestration

severity (% of microvessels) edema infiltration
Cerebral
No.1 100 none none none
No.2 100 moderate numerous rare*
Noncerebral
No.3 0 mild none none
No4 0 none none none

Note: * Few mononuclear cells were found in brain parenchyma whereas numerous mononuclear cells were observed in some vessels.
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Table 3. Cytokines in the brain tissues of cerebral and noncerebral malaria

Goup of severity | TNF-o | IFN-y | IL-1p | IL-4 | IL-10
Cerebral
No.1 ++ ++ ++ —+ 4+
No.2 +++ +++ +++ + ++
Noncerebral
No.3 + + + + +
No.4 - + + ++ +

Note: Cytokines are detected by indirect immunofluorescence assay as
described in Material and Methods. Intensity of the staining was scored as

- = no staining; + = weak; ++ = moderate; and +++ = strong staining.
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