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Defective monocyte phagocytic
function as a possible genetic marker
for rheumatic susceptibility
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ABSTRACT The activity of the monocyte phagocytic system in children with rheumatic heart disease
{RHDY), their parents, their normal siblings and in nonrheumatic families was investigated. Phagocyt-
ic activity of isolated monocytes was assessed using luminol-dependent chemiluminescence. The
count per minute of emitted light was measured before and after stimulation with zymosan solution.
The results indicate that one-third of the siblings of children with RHD were genetically free while
two-thirds, as well as the parents, were heterozygous, and that children with RHD were homozygous
for (a) mutant gene(s) responsible for the defective function of the monocyte phagocytic system. The
findings are strongly suggestive of autosomal recessive inheritance.

Une déficience de la fonction phagocytaire des monocytes comme marqueur génétique éven-
tuel de la sensibilité aux rhumatismes

RESUME L'activité du systeme des phagocytes mononucléés a été examinée chez des enfants
atteints de cardiopathie rhumatismale, chez leurs parents, chez leurs freres et soeurs normaux et
dans un groupe de sujets ayant aucun antécédent familial de cardiopathie rhumatismale. L'activité
phagocytaire des maonocytes isolés a été estimée 4 Vaide de la chimioluminescence accentuée par
le luminol. L'émission de lumigre par minute a été mesurée avant ct aprés stimutation par eolution
de zymosan. Les résultats ont indiqué qu'un tiers des fréres et soeurs des enfants atteints de car-
diopathie rhumatismale étaient homozygotes normaux tandis que les deux autres tiers ainsi que
leurs parents étaient hétérozygotes, et que les enfants atteints de cardiopathie rhumatismale étaient
homozygotes pour un{des) géne(s) mutant(s) responsable(s) de la fonction déficiente du systéme
des phagocytes mononucléés. Ces résultats font penser a une hérédité autosomique récessive.
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Introduction

Rheumatic fever (RF) continues to be a se-
rious problem in developing countries.
There is universal agreement that group A
B-haemolytic streptococcal (GABS) phar-
yngitis is a prerequisite for the develop-
ment of the initial and recurrent attacks of
RF. However, the RF attack rate varies from
< 0.3% following sporadic GABS pharyn-
gitis in the general population to approxi-
mately 3% during epidemics of untreated
severe exudative pharyngitis [/]. A study of
the pattern of RF in Alexandria found that
the majority of children with RF (84%) had
had their first attack between 4 and 12 years
of age (mean age 9 + 3 years), The same
study also showed that 49.8% of the chil-
dren presented with rheumatic carditis in
their first attack of RF [2]. It is most likely
that the pathogenetic mechanism for the
development of RF after upper respiratory
tract infection with GABS involves a com-
bination of specific characteristics of the
organism and some as yet undefined genet-
ic predisposition in the human host [3].
The immunological basis of RF, al-
though not fully elucidated, still stands as
the most acceptable pathogenetic theory.
Recent studies have shown a defective
monocyte phagocytic system in children
with RF, as well as in children with quies-
cent (inactive) rheumatic heart disease
(RHD) as revealed by: chemiluminescence
response of monocytes in children with
acute RF and RHD [4], interleukin-1 re-
lease in children with acute RF [5], and
monocyte veast cell phagocytosis in rheu-
matic patients [6]. In a recent article, Badr
El-Din suggested a possible scheme to ex-
plain the pathogenesis of RF on the basis
that the primary susceptibility to RF is sec-
ondary to a defect in the monocyte phago-
cytic function [7]. During an untreated
GADS infection, large amounts of strepto

coccal antigens are absorbed by the host. In
response to these, natural killer cells in-
crease [8]. It is presumed that the latter, to-
gether with streptococcal products, expose
or unmask the cross-reacting antigen bind-
ing sites in the heart and joints [9,/0]. At
the same time, cross-reacting antibodies
and immune complexes (ICs) are formed.
In a nonsusceptible child with a normal
monocyte phagocytic system, these ICs are
promptly phagocytosed. In the case of a
susceptible individual with defective
monocyte phagocytic activity, the ICs
formed are not phagocytosed and will per-
sist in the circulation, creating a sequence
of events: first, a decrease in the suppressor
T-cell population [/7,12] and second,
heightened activity of helper T-cells. The
result is excessive antibody production and
the formation of ICs with free antibody-
binding sites. These will circulate and bind
to the exposed binding sites in the heart and
joints, fixing the complement and causing
acute inflammation [73].

The present work was conducted to
study the monocyte phagocytic system, us-
ing chemiluminescence response, in chil-
dren with quiescent RHD, their parents,
their normal siblings and a control group of
normal subjects who had no familial back-
ground of RF, in order to evaluate if the de-
fective mononcyte phagocytic function can
represent a genetic marker to rheumatic
susceptibility and the possible mode of its
inheritance.

Subjects and methods

Subjects

The study was conducted on 20 families of
quiescent rheumatic children and on a con-
trol group including children and adults of
nonrheumatic families. The families of qui-
escent rheumatic children included:
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* eight families, each having one child
with quiescent RHD and one normal
sibling;

» five families, each having one child
with quiescent RHD and two normal
siblings;

+ one family with one quiescent RHD
child and three normal siblings;

* two families: one family with two chil-
dren with quiescent RHD and one nor-
mal sibling and the other with two
children with quiescent RHD and no
siblings;

* four families, each having one child
with quiescent RHD and no siblings.
As regards parents, only 9 fathers and

17 mothers participated in the study. The

other fathers and mothers were missing on

account of travel, death or business. Posi-
tive consanguinity (first cousins) between
parents was found in 40% of the families
studied. As controls, 25 healthy children
and adults of nonrheumatic families partic-
ipated in the study.

The subjects included were categorized
into four groups.

Group [. Children with quiescent RHD,

who attended the Alexandria University

children’s hospital, There were 22 (10

males and 12 females) and their ages

ranged from 5 to 15 years (mean age

8.7 years). They included 16 cases of iso-

lated mitral incompetence, 4 cases of iso-

lated aortic incompetence and 2 cases of
combined mitral and aortic incompetence.

All had had a previous documented hospi-

tal admission for rheumatic carditis, ac-

cording to the revised Jones criteria [3]. All
patients were under prophylactic long-act-
ing penicillin and were in a quiescent state
as shown by their normal erythrocyte sedi-
mentation rate (ESR) {< 10 mmv/h) and nor-
mal antistreptolysin O (ASO) titre (<250
Todd units).

Group II. A total of 22 normal siblings (16
males and 6 females) with ages ranging
from 5 to 15 years (mean age 9 years).
They were all clinically free and had nor-
mal ESR and ASOQ titre. This group was fur-
ther classified into two subgroups
according to the results of chemilumines-
cence: la (7 children) with results compa-
rable to normal controls and IIb (15
children) with significantly lower results
than controls.

Group IIl. Parents of children with quies-
cent RHD. Only 9 fathers and 17 mothers
(8 couples, one single father and 9 mothers)
participated in the study. Other fathers and
mothers were missing on account of travel,
death or business. All were clinically free
and had normal ESR and ASO titre.

Group IV. Normal controls from families
with no history of RF or RHD. There were
25 with ages ranging from 12 to 35 years
(mean age 20 years). Parents and children
of both sexes were inciuded. They were all
clinically free and had normal ESR and
ASO titre,

Methods

The following investigations were carried

out for all subjects.

+ Medical histery was taken and clinical
examination carried out with special
emphasis on cardiac examination and
exclusion of signs of rheumatic activity
according to the Jones criteria [3].

*+ Laboratory tests were done to exclude
rheumatic activity;

—~ ESR (Westergren method) { /4]
- ASO titre determination by a rapid
dilution technique [75].
* Phagocytic activity of monocytes was

assessed using luminol-dependent
chemiluminescence which entailed:
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Tabie 1 Count per minute unstimuiated monocytes in all four groups

Count Group | Group il Group Il Group IV

per Children with Normal siblings of  Parents of children Normal controls from

minute quiescent RHD patients with with RRD (r7 = 26) nonrheumatic
(n=22} quiescent RHD families {n = 25)

lla(n=7) b {n=15)

Range  3457-4960  3460-3941 2868-3660 2126-3652 2659-4677

Mean 4104.73 3707.8 3250.2 3027.08 3669.64

s 4431 205.9 248.6 388.1 438.7

t-test: significant differences at P = 0.01 wera obtained between: group | and all other groups; group lia and
groups |, lb and 11 group 1B and groups |, lia and IV; group 1if and groups |, lia, IV

s = standard deviation

— lsolation of
[16,17,18]

— Chemiluminescence where emitted
light was measured by appropriate
fluoremetric detection [19,20]. The
sensitivity of the assay was increased
by using luminol, which acts as a
substrate for oxygen. The vials were
incubated with and without zymosan
solution (stimulant agent). After
these additions, the cells were incu-
bated for 15 minutes. The vials were
counted in the dark in a scintillation
counter (§ counter). Chemilumines-
cence levels peak at around 10 min-
utes. The count per minute (CPM)
taken in this work was that observed
in the 10th minute.

blood monocytes

Results

All group | patients suffered from RHD; 16
had isolated mitral incompetence, 4 had
isolated aortic incompetence and 2 suffered
from combined mitral and aortic incompe-
tence, The absence of rheumatic activity in
group 1 patients was confirmed according

to modified Jones criteria, including nor-
mal ESR (all patients had ESR < 10 mm/h)
and the absence of recent streptococcal in-
fection (ASO titre <250 Todd units). Nor-
mal ESR and ASO values were also
obtained for all other groups of children
and parents.

Table 1 illustrates the range and mean
values of CPM of unstimulated monocytes
in the four groups. Group II children had
been further classified into two subgroups
according to their CPM readings. Subgroup
Ha included 7 normal siblings (one-third of
the siblings) who had a mean CPM that was
not significantly different from that of the
controls. Subgroup 11lb, on the other hand,
included 15 normal siblings (two-thirds of
the siblings) who had a mean CPM signifi-
cantly lower than the controls,

Table [ shows that, at P < 0.01, group I
patients had significantly higher CPM than
all other groups (¢ = 3.2,7.5, 8.9 and 3.4 for
comparison between groupl and
groups Ila, b, III and IV respectively).
Group Ila gave readings comparable to
group IV (¢ = 0.33) but significantly higher
than groups Iib (r = 4.5) and 11l {r = 6.3).
Group I had the lowest CPM values

VAAA ¢V odadl ca g Aondd CRAN Bovaall Budiie <oyl 380 Bl A



40 La Revue de Santé de la Méditerranée orientale, Vol. 4, No. 1, 1998

Table 2 Count pet minute zymosan-stimulated monocytes in all four groups

Count Group | Group il Group Il Group IV

per Children with Normal siblings of  Parents of children Normal controis from

minute quiescent RHD patients with with RHD (1 = 26} nonrheumatic
(n=22) quiescent RHD families {(p = 25)

fa(n=7) Itb (n =15)

Range 10975-23679 55264-67510 40861-53988 45502-59164 54420-75246

Mean 15695.1 58608.9 48459 51317 64573.04

s 3ITNT7 4868.9 3785.4 4432.4 3863.7

t-test: significant differences at P = 0.01 ware oblainad between: group | and aif other groups; group fla and
groups 1, It and 1li; group Itb and groups 1, ita and IV; group Il and groups |, lfa and IV

s = standard deviation

which were sigmificantly lower than those
of groups I, a, and IV (#=8.9,63 and 5.5
respectively).

Table 2 shows the range and mean val-
ues of CPM of monocytes after stimulation
with zymosan. The highest mean CPM was
in group 1V, tollowed by groups lla, [il, and
1Ib, while the lowest mean CPM was in
group [ where there was a significantly low-
er mean value than ail other groups (¢ =
21.9, 26.9, 30.3 and 44.2, comparing group
I with groups Ha, Iib, 111 and 1V respective-
ly). Group Ila values were comparable to
those of group IV (¢ = 2.4) but significantly
higher than groups IIb (z = 5.4) and ill {1 =
4.1). On the other hand, the mean CPM of
group IIb was comparable to that of group
i1l {+ = 2.1) but significantly lower than
aroups [la (= 54) and IV (£ = 12.9). The
CPM of group NI was significantly lower
than that of group IV (¢ = 11.4) but still sig-
nificantly higher than that of group 1 {# =
30.3).

Discussion

So far, researchers have not yet agreed
upon a particular mode of inheritance for

RF. That a single autosomal recessive gene
determines susceptibility to RF is the theo-
ry proposed by Wilson et al. [27] and cor-
roborated by Rajapakse et al. [22]. Wilson
et al. examined 112 families and found
close agreement between the observed and
expected values except for the offspring of
parents who both had RF where, under a
recessive hypothesis, all should be affect-
ed. Wilson and Schweitzer [23] reported
the results of a further study on the inherit-
ance of RF giving support to their previous
conclusion of a recessive inheritance. This
study is particularly interesting since it be-
gan with selected parents rather than select-
ed children. The observations are therefore
more readily interpreted.

Analysis of our results could favour an
autosomal recessive pattern of inheritance.
Analysis of the results of Table 1 shows
that before stimulation with zymosan:

» The mean CPM was significantly higher
in children with quiescent RHD than in
all other groups. This may be due to pti-
or stimulation by streptococcal anti-
gens. This is in agreement with Kumar
et al. [24], who studied the generation
of oxygen free radicals by peripheral
blood monocytes and neutrophils of pa-
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tients with RF and RHD using an en-
hanced chemiluminescence technique.
Their study included five groups: acute
RF, recurrence of rheumatic activity,
chronic RHD, acute pharyngitis and
notmal controls. The chemilumines-
cence was measured in response to
streptococcal membrane antigen, carbo-
hydrate antigen and latex as triggering
agents. Chemiluminescent response of
monocytes and neutrophils was signifi-
cantly higher in acute RF and recur-
rence of RHD as compared with
patients with acute pharyngitis and
chronic RHD.

* The mean CPM in group 1V was signifi-
cantly higher than in group Il (parents)
who arc assumed to be heterozygous.

* The mean CPM in group IV was signifi-
cantly higher than that in subgroup 1Ib
(two-thirds of siblings) who are as-
sumed to be heterozygous.

* There was no significant difference be-
tween group 1V and subgroup la (one-
third of siblings) who are assumed to be
homozygous normal.

These findings are evidence of an auto-
somal pattern of inheritance. After stimula-
tion by zymosan, analysis of the results in
Table 2 shows that:

* The mean CPM of group I (children
with guiescent RHD) was significantly
fower than all other groups, suggesting
that they are homozygous for a mutant
gene(s) responsible for the defective
function of the monocyte phagocytic
system.

*  The mean CPM in parents (group III)
was significantly higher than in group |
but significantly lower than the control
group IV, suggesting again that parcnts
are heterozygous for the mutant gene(s).

* The mean CPM of subgroup Ila (one-
third of siblings) was not significantly
different from the level of control cases,
suggesting again that they are homozy-
gous normal,

* The levels in subgroup IIb (two-thirds
of siblings) were significantly lower
than subgroup Ila while there was no
significant difference from parents sug-
gesting that both parents and two-thirds
of siblings are heterozygous.

From these results one can conclude the
following:

* Children with RHD are homozygous for
the mutant gene(s).

* One-third of normal siblings are ho-
mozygous normal.

*  Two-thirds of normal siblings are het-
erozygous.

* Parents are considered to be heterozy-
gous.

According to this theory of recessive
inherifunce, the offspring of parents who
both have RF should all be susceptible but
not necessarily affected because the even-
tual development of RF depends on expo-
sute to streptococcal infection. They may
be less frequently exposed to streptococcal
infection end/or more promptly treated be-
cause of parental anxiety.

In conclusion, one can propose that the
genetic susceptibility o RF follows an au-
tosomal recessive inheritance of a defect(s)
in the mononcyte phagocytic function, The
latter can, therefore, represent a genetic
marker for rheumatic susceptibility.
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AL ieast 12 million people are estimated to be currently affected by
RF/RHD. More than 2 million require repeated hospital admission, and
one million will need heart surgery in the next 5-20 years.

Although there is, as yet, no available safe and effective antirheumatic
streptococcal vaccine or genetic marker to identify people at high risk
of developing RF, there are proven, cost-effective methods for the
secondary and primary prevention of RF/RHD. Effective methods also
exist for the diagnosis and treatment of acute attacks of RF as do
clinical and surgical methods for the palliative care of RHD and for its

rehabilitation,

Source: The World Health Report, 1997, World Health Organization, Geneva.
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