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The role of mitogenic factors in the pathogenesis of 
certain features of malarial infection 

G . O . O Y E Y I N K A 
Immunology Unit, Department of Medicine, Ahmadu Bello University Hospital, Zaria, Nigeria 

Summary 

The clinical and pathological f e a t u r e s of 
malaria have been well recognized for a 
long t ime. Macrog lobu l inaemia a c c o m p a n i e s 
malarial infect ions and these pa t i en t s have in-
creased susceptibili ty to s econda ry in fec t ion . 
They may also have splenic e n l a r g e m e n t . H o w -
ever, how these changes a re b rough t a b o u t is 
still not fully exp la ined . For ove r a d e c a d e 
many researchers have looked in to the possibil-
ity of a paras i te -der ived mi togen be ing par t ly 
responsible for s o m e of these f ea tu re s . T h i s 
paper appra ises , in the light of e v i d e n c e so fa r 
advanced, the role of mi togenic f ac to r s in the 
pathogenesis of h y p e r g a m m a g l o b u l i n e m i a , 
immunosuppress ion and sp l enomega ly associ-
ated with malarial infec t ion . T h e n a t u r e of the 
stimulatory mater ia l in paras i te ex t r ac t s is a lso 
discussed. 

Resume 

Depuis longtemps . Ton conna i t les caractdr is t i -
ques cliniques et pa tho log iques du pa lud i sme . 
Une quant i te <Hev<5e de g lobules d a n s le s e r u m 
accompagne I ' infection p a l u d £ e n n e , et I 'on a 
observe chez les pa t ien ts t ra i tes une suscept ib-
ility accrue a des infect ions s e c o n d a r e s . II est 
possible qu' i ls a ient souf fe r t d ' u n e d i la ta t ion de 
la rate. On ne s 'expl ique pas e n c o r e exac te -
ment, c ependan t , la fa^on d o n t ces change -
ments surviennent . D e p u i s plus de dix a n s 
maintenant, les che rcheu r s pensen t q u ' u n 
mitogene provenant d ' un paras i te est h 1'origine 
de certaines caracter is t iques du pa lud i sme . A la 
lumidre de ce q u e n o u s savons d e j a , n o u s 
dvaluons dans ce t te c o m m u n i c a t i o n le ro le 
des facteurs mi togdniques d a n s la p a t h o g e n i c 
de I'cxces de gammaglobu l ine d a n s le s £ r u m , 
de la suppression du sys teme d ' i m m u n i s a t i o n et 

d e la d i la ta t ion de la r a t e assocides h Tinfection 
pa lud t f enne . N o u s e x a m i n o n s dga lement la 
n a t u r e d e s s t imu la t an t s dans des extra i ts de 
pa ras i t e . 

Ilypergammaglobulinacmia 

I m m u n o g l o b u l i n M levels in se rum increase 
rapidly d u r i n g acu t e malarial infect ion [1]. 
T h o s e e x p o s e d to recur ren t a t t acks of malar ia 
have high s e r u m IgG and IgM levels [2,3]. Only 
a smal l p r o p o r t i o n of the se rum immunog lobu-
lins in in fec ted individuals conta ins an t ibody 
activity specif ic fo r the malar ia paras i te (4); the 
r e m a i n d e r a r e an t ibod ies with he te rophi le and 
a u t o i m m u n e reactivity [5| . T h e diversity of the 
i m m u n e r e s p o n s e was bel ieved to suggest 
polyclonal B-cell ac t iva t ion , and the possibility 
of a ma la r i a mi togen was t h e r e f o r e p roposed 
(6,7). Blast t r a n s f o r m a t i o n of h u m a n per iphera l 
b lood l ymphocy te s [5 ,8-12] and rodent spleno-
cytes [13-15] have b e e n used to s tudy the activ-
ity of ex t rac t s of Plasmodium falciparum- a n d 
Plasmodium berghei-infected red blood cells. 
T h e resul ts r a n g e d f r o m the demons t r a t i on of 
an t igen-spec i f i c s t imula t ion of previously sensi-
t ized l ymphocy te s [8,12] to mitogen- l ike s t imu-
lat ion of b o t h sensi t ized a n d non-sensi t ized 
l y m p h o c y t e s [5 ,9,11,13] . 

A m o r e direct ev idence for lymphocyte (B 
cell) ac t iva t ion by a malar ia ' m i t o g e n ' was pre-
s e n t e d by F r e e m a n and Parish [ 14] w h o showed 
that a wa te r - so lub le ext rac t of P. berghei-
i n fec t ed red b lood cells great ly e n h a n c e s IgM 
p l a q u e f o r m a t i o n by B A L B / c mouse spleen 
cells in vivo. A l s o , it has been possible to in-
d u c e h y p e r g a m m a g l o b u l i n a e m i a in un infec ted 
B A L B / c mice with P. berghei cul ture super -
n a t a n t s (16). T h e act ive fac tor in P. falciparum 
cu l tu re s u p e r n a t a n t s has been part ial ly charac-
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tcrizcd. It was found to be heat resistant, 
partially degraded by proteolytic enzymes (sug-
gesting that it might be a glycoprotein) and in 
fractions with a molecular weight of about 
200,000 dal tons on gel filtration |5). 

The putative mitogen f rom P. falciparum sti-
mulated both B and T lymphocytes in experi-
ments reported by Greenwood et at. [5| but 
Wyler et al. 111) ob ta ined stimulatory response 
in T but not B cells. T h e purification method 
for B lymphocytes employed by Greenwood et 
al. [5| allowed some contaminat ion with T cells. 
The response to the 'mi togen ' was reduced by 
anti-theta serum (13). support ing the involve-
ment of T lymphocytes. However , depletion of 
B and T cells occurs in the lymph nodes of mice 
infected with P. berghei [ 17). Similar changes 
have been observed in the peripheral blood of 
children with acute P. falciparum malaria 
[18,19). The results obta ined by Greenwood 
et al. 119) indicate that T lymphocytes are rela-
tively more depleted than B lymphocytes. 
T-lymphocyte deplet ion in acute malaria is 
not accompanied by significant impairment 
of cell-mediated immunity to skin-test recall 
antigens and sensitization with dinitrochloro-
benzene [20). However , the response of 
patients' lymphocytes to phytohaemagglut-
inin (PHA) was normal only on maximal 
stimulation (20) and was slightly reduced at sub-
optimal concentrations of the mitogen [21). 

More recent evidence indicates that the pro-
liferative response of lymphocytes from malaria 
patients to the T-cell mitogen La (leucoaggluti-
nin from PHA) was significantly reduced, com-
pared with that of controls [22). With pokeweed 
mitogen (PWM), which stimulates T cells and 
induces a T cell-dependent activation of B cells, 
they found no difference in the proliferative re-
sponse between patients and controls. 
However, Troye-Blomberg et al. [12) observed 
that P. falciparum extracts induce significant 
stimulation of D N A synthesis (peaking af ter 3 -
4 days of incubation) in malaria patients' lym-
phocytes. They noted that this response was 
specific for P. falciparum since it was not 
obtained with lymphocytes from healthy donors 
nor with those from patients with acute P. vivax 
or P. ovale malaria. In a malaria-endemic re-
gion in Upper Volta, Daniel-Ribeiro et al. [23) 
have found an abnormal prevalence of anti-
nuclear antibodies in contrast to the normal fre-
quency of other anti-tissue antibodies. 

Immunosuppression 

McGregor and Barr [24) have shown that chil-
dren on malaria prophylaxis had a greater anti-
body response to tetanus toxoid than children 
who had not received prophylaxis. Hie fact that 
immunosuppression accompanies malarial in-
fections is now well documented [20,25—28|. 
Investigations of malaria-induced immunosup-
pression in animals have shown that humoral 
immunity is affected more than cellular immun-
ity [29). Evidence for suppressor cell activity 
could not be found in malaria-infected mice [30, 
31). However , malaria results in a numerical in-
crease [32) and activation [33] of macrophages 
in the spleen. Some of these macrophages may 
elaborate soluble mediators that inhibit lym-
phocyte proliferation [34|. There is evidence for 
disrupted accessory function of adherent 
splenic cells in malaria [35-37). T cell-indepen-
dent responses, like T cell-dependent re-
sponses, may require macrophage assistance 
[38). Thus, immunosuppression may result 
from a defective accessory function of macro-
phages, and perhaps also from an activation of 
their suppressor potential [30.34). Enhanced 
immunoglobulin synthesis (16) in the presence 
of macrophage-induced immunosuppression in 
malaria may be due to the fact that adherent 
cells that e laborate suppressor factors are only 
obtainable in the later stages of infection [34). 
Mitogens were found to be unable to induce im-
munosuppression of the response to primary 
stimulus except when administered days before 
immunization [39,40|. and it is possible that 
macrophage suppressor factors behave alike. 

Other factors may also contribute to im-
munosuppression as mitogenic factors have 
been found associated with malarial infections 
[9,41). B-cell mitogens have immunosuppress-
ive potentiality [39,40). Evidence has been pre-
sented to show that mitogenic extracts of 
P. berghei induce a depressed immune response 
to meningococcal polysaccharide vaccine in 
BALB/c mice [15). 

Malarial splenomegaly 

The spleen undergoes a dramatic increase in 
size in malarious animals and could reach up to 
fifteen times the size of normal spleen (42). 
Untreated malarial infection may lead to the 
development of the tropical splenomegaly syn-

DIG
ITIZED BY E-LA

TUNDE O
DEKU LI

BRARY C
OLL

EGE O
F M

EDIC
IN

E, U
I



Mitogc/nc factors in malaria — a review 203 

drome (TSS) [43) in sonic human patients . T h e 
pathogenesis of the splenic enlargement charac-
teristic of TSS is still not fully expla ined . 
Ziegler [44| postulated that TSS results f rom 
prolonged stimulation of the re t iculoendothe-
lial system ( R E S ) by circulating macromolccu-
lar immune complexes. Indirect evidence for 
immune complex format ion and deposi t ion in 
the RES has been presented (44—16] but corre-
lation between serum immune complex level 
and splenic size could not be found [46]. Also, 
an attempt to induce splenomegaly in mice by 
injection of sera f rom TSS pat ients , which 
contain high levels of IgM and i m m u n e com-
plexes, failed |47| . 

The product ion of mitogenic factors is char-
acteristic of malarial infection [9.41], F r eeman 
and Parish [14] found that the numbers of 
plaque-forming cells were ten to for ty t imes 
elevated in the spleens of uninfec ted 
BALB/c mice, injected with superna tan t s of 
lysates of / ' . berghei-infected red blood cells, 
when compared with mice in jec ted with 
supernatants of uninfected red blood cells. 
Therefore, the involvement of a malaria 'mi to-
gen* in the pa thogenes is of the splenomegaly of 
malarial infection may be a rewarding hypoth-
esis. Available evidence |4«S| failed to prove this 
hypothesis. 

Discussion 

The observat ion of dep le ted T-cell n u m b e r 
[18,19,22] and enhanced immunoglobul in syn-
thesis [1.16] in acute malaria suggests that 
there may be a selective deplet ion or inactiva-
tion of a subpopula t ion of T lymphocytes in this 
disease. These may be suppressor T cells, as 
patients with malaria have been observed to 
have a loss of functional Con A inducible T sup-
pressor cells [49]. Howeve r , Troye-Blon ibe rg et 
al. [22] observed a relatively e levated level of 
T8+ T cells (expressed as percen tage of total 
T3* cells) in P. falciparum pat ients . Also , 
Troye-Blomberg et al. [12] noted significant sti-
mulation of D N A synthesis in pa t ients ' lympho-
cytes in response to parasi te extracts and the 
responding cells may be mainly T 8 * suppressor 
T cells. However , these cells may be defect ive 
functionally. In a study of the relat ionship be-
tween 11-2 expression and the induction of T 
ccll-dependent immunity to plasmodia in mice , 
the T cells active in this system were shown to 

be ' con t r a suppres so r ' cells [5()|. These arc a 
subset of Lyt -1 + cells exert ing their effects by 
inact ivat ing T suppressor cells of Lyt-2 f pheno-
type . 

Lymphocy te activation by extracts derived 
f rom malar ia paras i tes has been shown to be a T 
ce l l -dependent p h e n o m e n o n [51] and the ex-
tract has been demons t ra t ed to be a T-cell 
mitogen* 111]. T-cell mitogens can secondarily 

induce a funct ional B-cell response [52]. It is 
he reby suggested that a parasi te-derived 'mito-
gen* is involved in the induction of hyper-
g a m m a g l o b u l i n e m i a in malarial infection; 
that the 'mi togen ' ope ra t e s through the acti-
vation of ' con t rasupprcssor ' cells (or their func-
tional equivalent in man) , which inactivate 
suppressor T lymphocytes , thus resulting in ex-
cessive immunoglobul in product ion by B cclls 
th rough unrest r ic ted helper T-cell function. 
Wyler et al. [11] could not find increased num-
bers of spontaneous ly proliferating B cells in 
the circulat ion of pat ients with malaria but they 
examined only three patients . However , the 
possibility also exists that malaria prepara t ions 
may be able to s t imulate ant ibody secretion 
without inducing B-cell proliferation [11]. 

If ' con t rasupprcssor ' cells (or their human 
equiva lent ) a rc active in malarial infections, 
suppressor lymphocytes will be hampered func-
tionally and cannot be the explanat ion for 
immunosuppress ion associated with this con-
di t ion. T a n a b c et al. [31] and McBride and 
Micklcm [30] failed to detect suppressor-cell 
activity in the response of infected mice to 
polyvinylpyrol idone and dex t ran , respectively. 
Immunosuppress ion in malaria seems associ-
a ted with a t empora ry blockage of B-cell differ-
ent ia t ion ra ther than destruct ion or pe rmanen t 
inact ivat ion of responsive clones [30]. Thus , 
s t imula t ion of antigen-sensit ive cells by mito-
genic fac tors may lead to emergence of a cell 
popula t ion that has temporar i ly lost its ability 
to react with ant igen especially as the prolifera-
tive potent ia l of B-ccll clones is limited [53]. 

A possible mechan ism of malaria 'mi togen ' 
involvement in the product ion of splenomegaly 
may be th rough the polyclonal s t imulat ion and 
consequen t prol i fera t ion of splenocytes [48]. 
H o w e v e r , it is not everybody with malaria who 
deve lops sp lenomega ly . Why some deve lop 
sp lenomegaly and o the r s d o not may be d u e to 
gene t ic reasons as B-cell activity is regulated by 
the T-cel l sys t em. T h e efficient induction of a 
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specific T-ccll response requires that the foreign 
antigen is presented to the T cells in the context 
of the major histocompatibility antigens ( M H C -
antigens) (50). Meanwhile, there is no evidence 
of an excessive response to the polyclonal B-cell 
activation of malaria in subjects with TSS [50]. 
The fact that spleen cell proliferation may 
be induced in the presence of concomitant 
immunosuppression in malaria [14] may be 
explained by the fact that splenocytes may 
have been activated before macrophage sup-
pressor factors were generated. Mitogens fail to 
induce suppression of the primary immune 
response except when administered before 
immunization [39,40]; it is possible that macro-
phage suppressor factors behave similarly. 

The issue can be raised whether the stimula-
tory material in malaria parasite extracts is 
actually a mitogen. A close look at the litera-
ture and careful attention to results obta ined 
indicate that the active factor demonst ra tes 
antigen specificity. If they exhibit mitogenic 
properties at all, this is not likely to be signifi-
cant. The points that have been put forward 
for a mitogenic nature of the active factor 
in malaria include: (i) its ability to st imulate 
non-immune lymphocytes [5,9,14,15] and cord 
blood lymphocytes [5,8]; and (ii) the observa-
tion that a large number of autoant ibodies is 
involved in malaria-induced auto-immunity 
[54-60]. 

Weinbaum et al. [13] have obtained results 
consistent with the possibility that the response 
by normal spleen cells to malaria extracts rep-
resents primary in-vitro sensitization, as this 
response exhibited delayed kinetics and re-
duced magnitude compared with the response 
by immune cells. The intense activity of the 
reticuloendothelial system during malarial in-
fection [4] may result from stimulation by 
highly potent antigens from the parasite. This 
high potency of antigenic materials f rom Plas-
modia may be responsible for the response of 
cord blood lymphocytes, as evidence (i) against 
a functional immaturity, and (ii) for a lack of 
adequate triggering surface receptors on cord B 
lymphocytes, has been presented [61]. Also, 
the human foetus is able to respond immu-
nologically to intrauterine infections [62-65]. 
While auto-antibodies directed against a num-
ber of auto-antigens have been described in 
malaria, Daniel-Ribeiro et al. [23] have found 
an abnormal frequency of only anti-nuclear 

ant ibodies (and not of 13 o t h e r a u t o - a n t i b o d i e s ) 
in sera of 173 individuals living in a m a l a r i a -
endemic region in U p p e r Vol ta . T h i s s e l e c t i v e 
increase in the f requency of o n e a u t o - a n t i b o d y 
cannot result f rom a non-spec i f ic p o l y c l o n a l 
mitogenic activation [23]. H o w e v e r , P h a n u -
phak et al. [66] repor ted resu l t s a s s o c i a t i n g 
acute malarial infection with high i n c i d e n c e o f 
auto-ant ibodies to both nuc lea r a n d s m o o t h 
muscle ant igens. A n o t h e r fac to r t h a t m a y o p e r -
a te in the pathogenes is of a u t o - i m m u n i t y c o u l d 
be repea ted s t imulat ion of t h e r e t i c u l o e n d o -
thelial system with paras i te a n t i g e n s c r o s s -
reactive with normal tissue a n t i g e n s [67 ] . 

Al though there is ev idence to s h o w t h a t o n l y 
a f ract ion ( 6 - 1 1 % ) of the high s e r u m i m m u n o -
globulin levels in malar ia is s p e c i f i c m a l a r i a 
an t ibody [4], there s eems to be n o r e p o r t i n d i -
cat ing what p ropor t ion of t h e t o t a l i m m u n o -
globulin p roduced in r e sponse t o m a l a r i a l i n f e c -
tion this fract ion r ep re sen t s [68]. T h e r e s u l t s o f 
T roye -Blomberg et al. [22] s h o w t h a t c l a s s i c a l 
mi togens La and P W M induce p r o l i f e r a t i v e r e -
sponses in lymphocytes o b t a i n e d f r o m m a l a r i a -
infected and un in fec ted i n d i v i d u a l s f r o m 
Sweden — a malar ia n o n - e n d e m i c a r e a . T h e i r 
observat ion [12] that P. falciparum e x t r a c t s i n -
duced significant s t imula t ion of D N A s y n t h e s i s 
in pat ients ' l ymphocy tes bu t no t in t h o s e f r o m 
the same g r o u p of hea l thy c o n t r o l s ( a s t h o s e 
s tudied with La and P W M ) a r g u e s a g a i n s t a 
mi togenic na tu re for t h e ac t ive f a c t o r in m a l a r i a 
parasi te extracts . A l s o , l y m p h o c y t e s f r o m 
pat ients with acu te P. vivax o r P. ovale m a l a r i a 
did not respond to s t imu la t ion w i t h t h e s a m e P. 
falciparum ex t rac t . T h e d e l a y e d p r o l i f e r a t i v e 
responses (days 5 - 6 ) of l y m p h o c y t e s f r o m 
pat ients and heal thy c o n t r o l s , o b t a i n e d b y 
T r o y e - B l o m b e r g et al. [12] w i t h Plasmodium 
extracts , were not s ignif icant ly d i f f e r e n t f r o m 
those ob ta ined with con t ro l r e d b l o o d ce l l e x -
tracts. This suggests tha t t he i r p a r a s i t e p r e p a r a -
t ions d o not con ta in m i t o g e n i c s u b s t a n c e s 
except if no rmal h u m a n e r y t h r o c y t e s e l a b o r a t e 
mi togenic factors as they h a v e s u g g e s t e d . 
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