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Abstract

CVID is the most common symptomatic primary antibody deficiency syndrome characterised
by decreased levels of serum immunoglobulin and reduced antibody production. Intravenous immu-
noglobulin (IVIG) replacement is a standard treatment of this disorder. The factors that influence the
effect of the therapy are not elucidated and it should be supposed that various factors are involved. We
have studied the correlation between the clinical course of CVID patients and the receptors for IgG
(Fcgamma RI, II, I1I) expressed on their leukocytes.

We have investigated 41 patients (13 males, 28 females, aged 10 to 77 years, mean 43) and 26 age-
related control persons. Quantitative expression of the Fc receptors on the surface of lymphocytes,
monocytes, and granulocytes was determined by flow cytometry (Coulter Epics XL-MCL; monoclonal
antibodies CD 16, CD32 were used from Immunotech and CD64 from Dako). Gene polymorphism of
Fc gamma Rlla and IIIb was determined by PCR.

The expression of CD16, CD32, and CD64 on lymphocytes and monocytes was comparable in
patients and control persons, also the expression of CD16 and CD32 on granulocytes was similar in
both groups. However, we have found marked differences in the expression of CD64 on granulocytes
in CVID patients: the expression of CD64 (Fc gamma RI) on granulocytes was low in healthy controls
(n = 26; mean = 4.7 %, SEM = 0.8). On the contrary, in the group of CVID patients there are two
subgroups. The first was comparable with the control group (n = 17; mean = 4.8 %, SEM = 0.6) but the
second is characterised with high expression of Fc gamma RI (n = 24; mean = 36.1 %, SEM = 4.2). No
differences in genetic polymorphisms of Fc gamma Rlla and IIIb between both CVID subgroups were
found. The clinical state (number of pneumonias before the diagnosis, occurrence of splenomegaly,
and outcome to the standard therapy with IVIG and antibiotics) in patients with high expression of
CD64 on the granulocytes was significantly worse than in persons with low expression.

Our results suggest a relationship between the clinical picture and the expression of Fc gamma RI
on granulocytes in CVID patients treated.
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INTRODUCTION

Common variable immunodeficiency (CVID) is the most common symptomatic
primary antibody deficiency syndrome characterised by decreased levels of serum
immunoglobulin and reduced antibody production. Patients with CVID suffer from
a variety of respiratory tract infections. The spectrum of infections is usually rather
limited. The most common pathogens are non-capsulated Haemophilus influen-
zae, Moraxella catarrhalis, Streptococcus pneumoniae, and mycoplasmas. Enlarged
lymphnodes and spleen may reflect a persistence of low-grade infections. The char-
acter of observed infections and inflammatory processes suggests that the deficien-
cy of antibodies may be compounded by the failure in phagocytic functions (/-2).

Intravenous immunoglobulin replacement is a standard treatment of the CVID.
The factors that influence the effect of this therapy are not elucidated and it should
be supposed that the failure in phagocytic immunoglobulin receptors may be im-
portant (3).

The Fc gamma receptors (FcgR) provide a critical link between the humoral and
cellular parts of the immune system (4-6). The recognition of IgG by these recep-
tors results in activation or inhibition of various effector functions of immune cells
(phagocytosis, release of toxic oxygen metabolites, production and secretion of cy-
tokines, modulation of cell proliferation and differentiation). Three distinct classes
of FcgR differing in molecular size, cellular distribution and functions have been
defined on leukocytes in humans: FcgRI (CD64), FcgRII (CD32), and FcgRIII
(CD16). The high affinity receptor CD64 is capable of binding monomeric IgG and
the low affinity receptors CD32 and CD16 interact preferentially with complexed
IgG. In peripheral blood, CD64 is expressed constitutively by monocytes and its
expression in polymorphonuclears occurs only upon activation. CD32 is present on
the plasma membrane of all phagocytes as well as on some B cells, CD16 is found
on phagocytes, eosinophils, and natural killer cells (4-5).

The present study was performed to measure the expression of receptors for
IgG (FcgRI, 11, III) on peripheral blood leukocytes in correlation with the clinical
course of CVID patients.

MATERIALS AND METHODS

Patients

We investigated 42 patients (14 females, 28 males, aged 10-77 years, mean 43) and 44 age - and
sex-related control healthy persons after approval by the Ethical Committee at the Faculty Hospital
of Brno. The severity of the disease, the clinical course and the effectivity of standard intravenous im-
munoglobulin (IVIG) therapy (Endobulin, Baxter Czech, Praha, Czech Republic) were assessed by
the same physician.

Flow cytometric measurement of surface antigen expression: Peripheral blood was collected into
vials coated with EDTA. The expression of CD64, CD32, and CD16 on polymorphonuclear cells and
monocytes was measured by flow cytometry in whole blood. All the antibodies used in this study were
mouse-derived monoclonal antibodies labelled with fluorescein isothiocyanate (FITC), phycoerythrin
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(PE), and with PE-tandem dyes ECD (PE-Texas Red) and PC5 (PE-Cy5). The following reagents
were purchased: specific to CD3, CD4, and CD8 (Coulter, Fullerton, CA), CD64 (DakoCytomation,
Praha, Czech Republic), CD32 and CD16 (Immunotech, Marseille, France). Flow cytometric analysis
was performed using a Coulter Epics MCL-XL analyser. The percentages of the selected cell popula-
tions stained were determined on an average of ca. 10* cells.

Gene polymorphism of FcgRIla and FcgRIIIb was determined by polymerase chain reaction
(PCR). The clinical course was evaluated as a score with the occurrence of pneumonias, number
of infections during a year, response to the IVIG and antibiotic treatment, and the development of
splenomegaly.

For statistical evaluation of the difference between patients and controls the T-test and Mann-
Whitney test were employed. P-values of less than 0.05 were considered to be significant.

RESULTS

The expression of CD16, CD32, and CD64 on lymphocytes and monocytes in
patients with CVID was comparable to healthy control persons, as the expression of
CD16 and CD32 on granulocytes in both groups (Fig. /). The expression of CD64
on granulocytes (FcgRI) was low in the healthy volunteers (n = 44, mean = 4.5 %,
s.em.=0.6 %) (Fig. I).

As concerns CD64, the group of CVID patients could be divided into two
subgroups. The first was comparable to the control group (n = 17, mean = 4.8 %,
s.e.m.=0.6 %), but in the second the expression of CD64 was highly elevated (n =25,
mean = 36.8 %, s.em. =4 %, p < 0.0001) (Figs. 2 and 3). No differences in ge-
netic polymorphisms of FcgRIIa and FcgRIIIb between both CVID subgroups were
found.

The clinical state of CVID patients was objectively evaluated with the number of
pneumonias before the diagnosis, the occurrence of splenomegaly, and the response
to the standard treatment with intravenous immunoglobulin (Fig. 2). In patients
with high expression of CD64 on the granulocytes the clinical state was signifi-
cantly worse than in persons with low expression of this receptor (Fig. 3).

DISCUSSION

Primary immunodeficiency diseases including those with impaired antibody pro-
duction, e.g. common variable immunodeficiency (CVID), X-linked agammaglob-
ulinemia (XLA), are relatively rare but require difficult and expensive treatment.
As no causative therapy is available in those diseases, a lifelong immunoglobulin
replacement is necessary. Almost exclusively intravenous immunoglobulins (IVIG)
are used at present (/-2).

A long-term follow-up of those patients in our department and others (7-10)
showed that the real clinical effect of the treatment with IVIG (in the same scheme)
may be markedly different in patients with the same diagnosis. Although the ma-
jority of the patients do well on standard (400 mg/kg/4 weeks) IVIG doses, other
patients have frequent/complicated infection even on relatively high replacement of
IVIG doses. Immunoglobulins interact through the Fc fragment with the membrane
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The expression of FcgR (CD16, CD32, CD64) on granulocytes, monocytes and lymphocytes.
Flow cytometric analysis was performed with monoclonal antibodies as described in

Materials and Methods.
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Evaluation of clinical state. Number of pneumonias before the diagnosis, occurrence of
splenomegaly (score: 1 - with splenomegaly, 0 - without splenomegaly) and response to the
standard treatment with intravenous immunoglobulin (score: 1 - very good, 2 - good, 3 - poor)

were evaluated.
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The expression of FcgRI (CD64) on granulocytes and the clinical course of CVID patients.
Comparison between CVID subgroups and healthy controls was performed. P-values of less than
0.05 were considered to be significant.

receptor (FcR) and have important influence on cells of the immune system. The Fc
fragment of the immunoglobulin molecule triggers a broad spectrum of biological ef-
fects (4). It is evident that FcR can modulate the response of the cells of the immune
system to exogenously administered intravenous immunoglobulins (11-12). Moreover,
the regulatory function of FcR has an influence on the phenotype of infectious and
autoimmune diseases and FcR stands out as a potential therapeutic target (4, 5). Ac-
tivation of phagocytic cells through Fc receptors triggers a functional cascade with
a consequent respiratory burst, release of intracellular granules, cellular cytotoxicity,
and activates various genes with successive protein synthesis, including cytokines
(4). The functional activity of FcR may be influenced also by other membranous
structures (e.g. complement receptors) and humoral factors (cytokines) (J5).

The other studies showed that FcgammaR genotype and its expression belong
to predisposing factors which influence the clinical course of various diseases.
They can also be important prognostic markers which can modify the treatment
approach in some patients, but there is no analysis evaluating the relation of clini-
cal manifestation of humoral immunodeficiency, membranous structures of the im-
mune cells inclusive of FcR, and their importance for the effect of a replacement
immunoglobulin treatment (/2-/4).

Our results suggest that the gravity of the clinical course of CVID patients and
efficacy of intravenous immunoglobulin therapy may relate to the upregulation of
the FcgRI (CD64) on their granulocytes. We found that the clinical state in pa-
tients with high expression of CD64 on granulocytes was significantly worse than
in persons with low expression of this receptor and that the expressions of other
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Fc gamma receptors were comparable to healthy control persons. Pathogenic im-
portance of this phenomenon is not obvious. The function of the FcgRs depends
not only on their cellular expression patterns but also on whether they transduce
activating or inhibitory signals. An aberrant regulation of the FcR system might be
involved in the progression of immunodeficiencies and might impact the efficacy of
immunoglobulin therapy of these diseases.
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EXPRESE Fc GAMA BECERTORG PRO IGG NA LEUKOCYTECH A ](LINICKY STAV
U PACIENTU S BEZNOU VARIABILNI IMUNODEFICIENCI (CVID)

Bézna variabilni imunodeficience (CVID) patfi k nejcastéjsim primarnim imunodeficiencim. Je
charakterizovana poruchou tvorby protilatek a snizenim hladiny sérovych imunoglobulinti. K soucasné
metodé 1écby CVID nalezi substitucni terapie intravendznim imunoglobulinem (IVIG). Faktory, které
ucinnost terapie IVIG ovliviuji, nejsou plné objasnény.

Receptory pro Fcfragment IgG (FcgR I - CD64, FcgR II - CD32, FcgR III - CD16) propojuji
protilatkové a bunécné struktury imunitniho systému. FcgR I, Ila, Illa jsou aktivac¢ni, FcgR IIb ma
funkci inhibi¢ni, coz se projevuje predevsim na lymfocytech a profesionalnich fagocytech. Signaly,
které jsou témito receptory pirenaseny, maji vliv na imunologickou reaktivitu, ale mohou také ovlivhovat
ucéinnost gamaglobulinové terapie. Studovali jsme proto vztah mezi klinickym stavem pacienti s CVID
a receptory pro IgG (FcgR) na jejich leukocytech.

Vysetrili jsme 41 pacientii (28 zen a 13 muzi ve véku 10-77 let) s diagndzou bézné variabilni imu-
nodeficience (CVID) a 26 kontrolnich zdravych osob. Exprese CD64, CD32 a CD16 na lymfocytech,
granulocytech a monocytech byla sledovana pritokovou cytometrii. Genovy polymorfismus FcgR byl
vySetien metodou PCR.

Exprese vSech tii FcgR na lymfocytech a monocytech byla u pacientt a kontrolnich osob stejna.
Naproti tomu, zietelné rozdily jsme zaznamenali v expresi FcgR I (CD64) na granulocytech: u kon-
trolnich zdravych osob byl pocet granulocyttit CD64+ nizky (4,7 %, SEM = 0,8), ve skupiné pacient
s CVID bylo mozno vymezit podskupinu srovnatelnou v tomto parametru se skupinou kontrolni
(n=17,4,8 %, SEM = 0,6) a podskupinu s vysokym zastoupenim granulocytti CD64+ (n = 24, 36,1 %,
SEM = 4,2). Zavaznost klinického stavu (pocet pneumonii pred stanovenim diagnozy, splenomegalie)
byla vétsi a odpovidavost na standardni intravendzni gamaglobulinovou terapii byla horsi u pacientii
s vysokym poc¢tem granulocytli exprimujicich CD64.

Nase vysledky ukazuji, Ze zavaznost klinického stavu a nizsi odpovidavost na gamaglobulinovou
terapii u pacienti s CVID pozitivné koreluje s expresi CD64 na granulocytech, coz nepfimo svédci
o0 jejich aktivaci.
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