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Abstract

Studies using cultured cells have shown that gamma interferon
(IFN-v) induces the expression of FcyRI (the type I Fc recep-
tor for IgG) on human polymorphonuclear neutrophils (PMN)
and greatly increases the number of these receptors on human
monocytes. Administration of rIFN-v in vivo also causes en-
hanced FcyRI expression off these cell populations. Because
streptococcal antigens are potent inducers of IFN-+ in vitro, we
postulated that IFN-vy would be produced endogenously in vivo
in patients with streptococcal infections. Such production of
IFN-v in vivo, even at low levels, might be expected to induce
the expression of FcyYRI on monocytes and neutrophils. To
evaluate this possibility, we used monoclonal antibody 32
(mAb 32), which is specific for FcyRI, to quantitate the ex-
pression of this receptor on human peripheral blood cells. We
measured the binding of mAb 32 to monocytes and PMNs
isolated from healthy donors and from patients with group A
B-hemolytic streptococcal (GABHS) pharyngitis. PMNs from
healthy donors (n = 12) had 700+600 (mean+SD) mAb 32
binding sites. Patients with pharyngitis and negative throat
culture for GABHS (n = 11) had 2,100+1,600 sites on their
PMN:s. In contrast, the PMNs from patients with documented
GABHS pharyngitis (» = 12) had 11,600+7,500 mAb 32 bind-
ing sites on their surface. There was a similar change in the
expression of FcyRI on monocytes, with control monocytes
having a mean of 19,900+3,200 mAb 32 binding sites per cell
and the GABHS-positive monocytes having 47,500+21,400
sites. The GABHS-negative throat culture group had a slightly
elevated number of FcyRI with a mean of 28,200+8,400 sites.
10 patients with documented urinary tract infections and three
patients with uncomplicated pyelonephritis had no elevation in
FcyRI expression. These studies demonstrate that a localized
group A streptococcal infection can cause systemic activation
of the entire circulating pool of phagocytes, and suggest that a
similar level of activation is uncommon in localized gram-nega-
tive infections of the urinary tract. (J. Clin Invest. 1990.
86:1892-1896.) Key words: Fc receptors ¢ interferon activation
« streptococcal infection

Introduction

Gamma interferon (IFN-v),! a lymphokine secreted by acti-
vated T lymphocytes, has been shown to be a major mediator
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1. Abbreviations used in this paper: FcyR, Fc portion of human im-
munoglobin G; GABHS, group A $-hemolytic streptococcal; IFN-vy,
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of resistance to infectious agents, including 7. gondii (1), L.
monocytogenes (2), L. donovani (3), and R. conorii (4). IFN-y
activates both murine and human mononuclear phagocytes,
increasing oxidative metabolism (5, 6), antimicrobial activity
(7, 8), and receptors for the Fc portion of human immunoglob-
ulin G (FcyR) (9, 10). Three FcyR (FcyRlI, II, and III) have
been identified in association with human myeloid cells (re-
viewed by Unkeless et al., reference 11) and are recognized
respectively by monoclonal antibodies 32 (12), IV.3 (13), and
3G8 (14). FcyRI has high affinity for human IgGl, is consti-
tutively expressed on monocytes, and is induced to much
higher expression in response to IFN-vy (9). Moreover, we re-
cently used mAb 32 to show that while polymorphonuclear
neutrophils (PMNs) have < 3,000 FcyRI per cell, culture for
18 h with 40 U/ml of recombinant IFN-vy results in the ex-
pression of 8,000-20,000 FcyRI per PMN (15). Consistent
with this effect of IFN-y on monocytes and PMNSs in vitro, it
has been demonstrated that parenteral administration of
rIFN-vy to patients causes increased expression of FcyRI on
circulating monocytes (16) and PMNs (Guyre P. M., and
M. B. Garnick, unpublished observations) and also increases
the capacity of monocytes to produce reactive oxygen inter-
mediates (6).

Because streptococcal antigens are potent inducers of
IFN-y production (17, 18), we postulated that FcyRI levels
would be elevated on monocytes and PMNs of patients who
have streptococcal infections. We therefore measured the
FcyRI levels on leukocytes from patients with group A 3 he-
molytic streptococcal (GABHS) pharyngitis. In this report, we
show that monocytes and PMNSs isolated from patients with
GABHS pharyngitis have increased expression of FcyRI, even
though IFN-v is undetectable in the plasma.

Methods

Study population. Patients presenting to the walk-in clinic at Dart-
mouth-Hitchcock Medical Center with sore throat and three or more
of the following criteria were eligible for the study: (a) anterior neck
adenopathy, (b) tonsillar exudates, (¢) history of elevated temperature
during the present illness, and (d) absence of the new onset of cough.
These criteria were chosen to increase the probability of selecting pa-
tients with true streptococcal pharyngitis (19). Healthy volunteer
donors served as the control population. Patients presenting with sore
throat who met the criteria for inclusion, but who had a negative throat
culture for GABHS, were included in the study to serve as a second
control population. A third study population included afebrile patients
with a diagnosis of gram-negative urinary tract infection based on
symptomatic dysurea, leukocyturia, and = 100,000 gram-negative
bacteria per milliliter of urine. Patients with the above symptoms plus
flank pain and fever were assigned the diagnosis of pyelonephritis.

Throat cultures were obtained from patients with pharyngitis by
posterior pharyngeal swab. Specimens were plated on trypticase
soy/5% sheep blood agar plates and incubated under anaerobic condi-
tions. Plates were examined at 24 and 48 h for beta hemolysis. Colonies
of beta-hemolytic streptococci were further classified by latex agglu-
tination grouping (Streptex, BBL Microbiology Systems, Balti-
more MD)

Cell preparation. 20 ml of venous blood was collected into 10-ml
vacutainer tubes containing sodium heparin (Becton Dickinson,



Rutherford, NJ). Mononuclear cells were separated from PMN on
Ficoll/Hypaque according to Boyum (20). PMNs were separated from
RBC by dextran sedimentation (21). Nucleated cells were washed with
RPMI 1640 and contaminating RBC were removed by osmotic lysis;
osmolarity was restored with hypertonic PBS. Cells were washed again
with RPMI 1640 and resuspended in RPMI/Hepes/0.2% BSA. PMNs
and mononuclear cells were recombined in a 1:4 ratio because we
found this proportion to be optimal for analysis by flow cytometry.

FcyR assay. FcyR were examined by indirect immunofluoresence
staining using purified mAb specific to each of the three known FcyR
(15). These are mAb 32 (FcyRI; reference 12), mAb IV.3 (FcyRII;
reference 13) and mAb 3G8 (FcyRIII reference 14). 6.25 X 10° cells in
20 ul were added to flat bottomed 96-well plates on ice. Each well then
received 20 ul of human gamma globulin from a stock (12 mg/ml
Cohn Fraction V; Sigma Chemical Co., St. Louis, MO) to block bind-
ing of antibodies through their Fc region. 20 ul of a 60 ug/ml stock of
mADb to the FcyR or a control mAb was then added to each of the wells.
Plates were rotated at 4°C for 1 h, cells were washed three times with
200 ul PBS containing 0.2% BSA, and then incubated 1 h with a
saturating concentration of (Fab’), FITC conjugated goat anti-mouse
IgG (Caltag Laboratories, South San Francisco, CA). After another 1-h
incubation, samples were washed 3X with PBS/BSA and resuspended
in PBS/BSA/1% paraformaldehyde. mAb binding was evaluated by
flow cytometry on an Ortho 50H flow cytometer using 300-mW, 488-
nm argon ion laser excitation, a 530-nm high pass filter, and a logarith-
mic amplifier. The relative number of mAb binding sites (reported as
2nd Ab sites/cell) was determined by comparing fluorescence of the
cells to a curve generated using standardized fluorescence beads (Flow
Cytometry Standards Corp., Research Triangle Park, NC) as described
previously (15). Statistical analysis was by Student’s ¢ test for unpaired
values.

IFN-y assays. Plasma was obtained from the same heparinized
tubes from which the leukocytes were isolated, made platelet-poor by
centrifugation at 450 g for 30 min, and frozen at —70°C for up to 1 mo
before assay. Five plasma samples were also tested within 2 h of isola-
tion. Samples were tested using a commercially available radioimmu-
noassay (Centecor, Inc., Malvern, PA) which is specific for bioactive
IFN-v, and by a bioassay which is based on increased expression of
FcyRI on U-937 cells that are cultured with the plasma and/or IFN-y
(22). For the bioassay, 1 X 10° cells of the U-937 human promonocytic
cell line were cultured at 37°C, 5% CO, for 18-24 h in 96-well plates in
a total volume of 200 ul in RPMI 1640 medium (Hazleton, Denver,
PA) supplemented with 20-80% plasma obtained from normal donors
or from GABHS patients. After incubation, these U-937 cells were
then analyzed by immunofluorescence flow cytometry for binding of
mAb 32.

Results

Streptococcal infection increases FcyRI. Fig. 1 A summarizes
the major finding of this study, that PMNs isolated on the day
of initial evaluation from eight of nine patients with GABHS
pharyngitis had significantly elevated levels of surface FcyRI.
PMNs from 12 healthy normal donors had 700+600
(mean+SD) mAb 32 binding sites. 11 patients with pharyngitis
and negative throat culture for GABHS had a mean of
2,100+1,600 sites on their PMNS, a value significantly higher
than for controls (P < 0.05). In contrast, PMNs from nine
patients with documented GABHS pharyngitis had
11,600+7,500 mAb 32 binding sites on their surface. This was
significantly higher than both the healthy donor group (P
< 0.0005) and the GABHS-negative throat culture group (P
< 0.0005). The GABHS-negative group included three pa-
tients (Nos. 2, 4, and 6, of Fig. 1, middle) who had cultures
containing many B-hemolytic streptococci that were non
group A. None of the PMNs from the 12 healthy donors ex-
pressed > 2,100 sites and none of the GABHS-negative culture
group expressed > 5,000 sites. However, eight of nine patients
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Figure 1. FcyRI levels are increased on PMNs (4) and monocytes
(B) of patients with group A $-hemolytic streptococcal (GABHS)
pharyngitis. Values are relative mAb 32 binding sites per cell calcu-
lated as described (15). Each bar is the value for a single donor.

with positive GABHS cultures had more than 6,000 sites per
PMN. One patient (No. 7, Fig. 1, right) with a laboratory
finding of “moderate” GABHS had control values for mAb 32
binding on both her PMNs and monocytes.

There was a similiar change in the expression of FcyRI on
monocytes (Fig. 1 B), with control monocytes having
19,900+3,200 mAb 32 binding sites per cell and the positive
GABHS monocytes having 47,500+21,400 mAb 32 binding
sites (P < 0.0005). The negative culture group had slightly
elevated FcyRI with a mean of 28,200+8,400 sites. This was
significantly different from both the normal controls (P
< 0.05) and from the positive GABHS group (P < 0.005).
When cells from each GABHS positive donor were compared,
there was a close correlation between elevated FcyRI levels on
PMNs (Fig. 1 A, right) and on monocytes (Fig. 1 B, right).
During this study, one donor in the control group developed
GABHS pharyngitis 6 mo after she was initially studied. For
this donor, the number of mAb 32.2 binding sites per PMN
increased from 1,900 before infection to 13,800 sites per cell
during infection. FcyRI per monocyte increased from 22,800
to 53,400 sites per cell.

Flow cytometric analysis enabled us to determine whether
the increased expression of FcyRI appeared on all cells or only
on a subpopulation. Fig. 2 shows idealized histograms of the
distribution that was found for all GABHS patients. In every
case, the entire population of monocytes and PMNs displayed
increased receptor expression.

To further determine the relationship between the disease
process and FcyRI expression, we examined three additional
patients for FcyRI expression after they were identified by the
laboratory as having a positive throat culture for GABHS.
When these people were examined within 24 h after the speci-
men was obtained, they had elevated mAb32 binding sites on
both monocytes and PMNs (Fig. 3). Fig. 3 includes the values
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Figure 2. Immunofluorescence profiles for flow cytometric analysis
of mAb 32 binding to granulocytes (4) and monocytes (B). Cells
were isolated, stained, and analyzed as described in Methods.

for one donor (C.G.) who was followed sequentially for 3 d.
This donor had markedly elevated FcyRI on both monocytes
and PMN 24 h after the throat culture was obtained, but
FcyRI values dropped to normal after two additional days.
Streptococcal infection does not alter FcyRII or FeyRIII
Two additional IgG Fc receptors, FcyRII and FcyRIII, are
present on human myeloid cells (11). Although these FcyR are
not markedly affected by IFN-« in cell culture, we were inter-
ested to determine whether their expression was altered by
streptococcal infection. We therefore used mAbs IV.3 and
3G8 to measure FcyRII and FcyRIII, respectively. Fig. 4
shows that the levels of binding of these mAbs were equivalent
for all three groups. Thus, in contrast to FcyRI, the expression
of FcyRII and FcyRIII was unaffected by GABHS infection.
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Figure 3. FcyRI levels on monocytes and PMNs of three donors ex-
amined after the throat culture was shown to contain GABHS.
Times shown are hours after the initial clinical evaluation that subse-
quent blood samples were obtained.
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Figure 4. FcyRII and FcyRIII levels are unchanged on leukocytes of
GABHS pharyngitis patients. Values are mean+SD mAb IV.3
(FcyRII) and mAb 3G8 (FcyRIII) sites per cell for the healthy con-
trol group (n = 12), the culture negative group (n = 11), and the
GABHS pharyngitis positive group (n = 9).

Gram negative urinary tract infection does not alter FcyRI
expression. 10 patients with documented urinary tract infec-
tions were found to not have increased binding of mAb 32 to
monocytes or PMN (Table I). Three patients with apparently
uncomplicated pyelonephritis had a mean of 33,500 binding
sites on their monocytes and 3,400 sites on their PMN, levels
similar to pharyngitis patients who were GABHS negative.
Two additional pyelonephritis patients had elevated FcyRI on
their PMNSs. These patients, in addition to pyelonephritis, also
had either E. coli septicemia or pneumonia of unknown etiol-
ogy (Table I).

IFN-v is undetectable in patient’s plasma. IFN-v is a po-
tent inducer of FcyRI expression by both monocytes and
PMN:ss (9, 10, 15) and its production is induced by streptococ-
cal antigens (17, 18). We therefore examined plasma samples,
obtained at the same time that elevated numbers of FcyRI
were detected on leukocytes, for the presence of IFN-v. Seven
plasma samples were obtained and frozen at —70°C, then
tested using an IFN-y-specific RIA (Centocor, Inc., Malvern,
PA). All samples had undetectable IFN-vy (< 1 U/ml).

We next obtained blood from three donors as soon as pos-
sible after their throat cultures were found to contain GABHS,
examined the cells for FcyRI expression, and tested the plasma
within 2 h of isolation for IFN-v. This test for IFN-vy included
both the RIA and a bioassay (22) which detects increased ex-
pression of FcyRI on the U-937 cell line. Fig. 5 shows the
result for plasma samples obtained from donors K.B. and
A.L.; leukocyte FcyRI levels for the same blood samples are
shown to be elevated in Fig. 3. Neither plasma from the nor-
mal donor (CON) nor from the GABHS patients (K.B. and
A.L.) caused a significant increase in mAb 32 binding to

Table I. MAb 32 Binding in Gram-negative Infections

Relative mAb 32 sites per cell*

Diagnosis Monocytes PMN
Urinary tract infection (n = 10) 180005100 1580+1200
Pyelonephritis (n = 3) 33500+3000 3400+2500

Pyelonephritis + E. coli septicemia
n=1) 4300 6200

Pyelonephritis + pneumonia
(n=1)

31900 10660

* Relative mAb 32 sites per cell determined by immunofluorescence
plus flow cytometry as described in reference 15.
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Figure 5. Bioassay of plasma for IFN-v. Plasma obtained from two
patients (A.L. and K.B.) or from a control donor (CON) was tested
for its ability to induce increased expression of FcyRI on U937 cells
as described in Methods. Values are relative mAb 32 binding sites
per U937 cell after culture with plasma (CON, K.B., or A.L.),
plasma plus mAb B3 (which neutralizes IFN-v), or plasma plus 1
U/ml IFN-y.

U-937 cells that were cultured with 40% plasma for 18 h.
However, each plasma sample, when supplemented with 1
U/ml rIFN-v, caused a 40% increase in FcyRI expression,
which was blocked by the IFN-y neutralizing monoclonal an-
tibody B3 (23). This experiment demonstrates that the bioas-
say detects as little as 0.4 U/ml IFN-+y, and that the plasma
from GABHS patients who have elevated FcyRI levels on their
leukocytes contains < 1 U/ml IFN-y. Additional assay points
(not shown) included 60 and 80% plasma, and gave similar
results, leading us to conclude that the plasma samples tested
contained < 0.5 U/ml IFN-y.

Discussion

Because Fc receptors mediate the ingestion of opsonized bacte-
ria, a mechanism to increase Fc receptor expression during
infection would seem to be physiologically important. In pre-
vious reports, we and others showed that IFN-y causes a dra-
matic increase in expression of FcyRI on monocytes, the
monocyte like cell line U-937, and PMNSs, both in vitro and in
vivo (9, 10, 15, 16). Because streptococcal antigens are potent
inducers of IFN-v (18, 19), we postulated that IFN-y would be
produced endogenously in vivo in patients with streptococcal
infections. With the studies presented in this paper, we have in
fact demonstrated that FcyRI expression is induced on PMNs
and augmented on monocytes isolated from patients with
GABHS pharyngitis. However, we were unable to detect
IFN-v in the plasma of these patients, even when their FcyRI
levels were very high, and the plasma was tested immediately
upon isolation. In other experiments (not shown), we deter-
mined that the activity of rIFN-y was not reduced by adding it
to GABHS plasma or by storage at —70°C. Because both our
bioassay and the RIA had sensitivities in the range of 1 U/ml
IFN-v, we conclude that circulating levels of IFN-y are below
this level even in patients, such as K.B. (Figs. 3 and 5), who
were febrile and had greatly elevated expression of FcyRI
when the blood sample was obtained.

The absence of detectable IFN-y in the circulation sug-
gests: (a) that elevated FcyRI may be mediated by locally high
concentrations of IFN-v, (b) that the short circulating half-life
of IFN-y may result in undetectable levels even though levels
were initially high; or (¢) that other cytokines or hormones
may contribute to increased FcyRI in addition to (or instead
of) IFN-v. The first possibility seems unlikely since the entire
population of monocytes and PMNs, rather than a subpopu-

lation, had elevated FcyRI (Fig. 2). Thus, streptococcal infec-
tion results in systemic activation of FcyRI expression in all
circulating monocytes and PMNs. The second possibility is
plausible since the serum half-life of rIFN-y has been esti-
mated to be between 0.5 and 3 h (24-26). Moreover, Chate-
noud et al. (27) reported a rapid induction and rapid decline in
serum IFN-v levels following clinical administration of mAb
OKT3 for prevention of acute allograft rejection. Thus, IFN-y
levels could transiently be as high as 1,000 U/ml and then fall
to undetectable levels 24 h later. To further test the plausibility
of this hypothesis, we exposed two groups of PMN to 50 U/ml
IFN-« for 3 h, washed out the IFN-y from one group, and then
cultured the cells for an additional 18 h. The two groups had
similar increases in FcyRI, indicating that transient exposure
to IFN-v is sufficient to induce increased FcyRI expression 18
h later on human PMNs. It will be interesting to determine
whether OK T3 therapy stimulates a similar increase in FcyRI
expression.

To test the possibility that other cytokines might influence
the expression of FcyRI, we cultured PMNs with recombinant
IFN-a, IFN-B, interleukin 2, interleukin 3, tumor necrosis
factor, granulocyte-colony stimulating factor (G-CSF), and
granulocyte/macrophage-colony stimulating factor, both
alone and in combination with 50 U/ml IFN-vy. IFN-y caused
a 10- to 20-fold increase in FcyRI as previously reported (15),
and G-CSF caused a two- to three-fold increase that was addi-
tive with that of IFN-y (manuscript in preparation). None of
the other cytokines enhanced FcyRI expression. Further study
will be required to determine whether a combination of im-
mune cytokines and/or other hormones can increase FcyRI
expression sufficiently to account for the effects we have ob-
served in GABHS patients.

Patients who met the criteria for inclusion in this study but
had negative throat cultures most likely represented cases of
viral infection. It is interesting that FcyRI expression was in-
creased to a much lesser extent on PMNs and monocytes in
these patients. PMNs from all donors in the control and
GABHS culture-negative groups had < 5,000 mAb 32 sites per
cell, while PMNs from 11 of 12 GABHS culture-positive
donors had > 6,000 sites per cell. The one sample that did not
show a rise in FcyRI may have been a false positive case in
which the patient was colonized but not infected with GABHS.
It is also possible that this patient was indeed infected with
GABHS, but did not respond to infection by increased FcyRI
expression. It will be interesting to determine whether there is
a relationship between protracted streptococcal infections and
a failure to exhibit increased FcyRI expression. Further study
will be required to determine whether a combination of im-
mune cytokines and/or other hormones can increase FcyRI
expression sufficiently to account for the effect we have ob-
served in GABHS patients.

Although streptococcal pharyngitis represents a relatively
minor bacterial infection, we have demonstrated that this de-
gree of infection is able to systematically activate the immune
system, as evidenced by increased FcyRI expression on pe-
ripheral blood myeloid cells. It seems likely, therefore, that
patients with systemic infectious illness will also have elevated
levels of FcyRI. Consistent with this possibility, PMNs iso-
lated from patients seriously ill with bacterial and fungal sepsis
have been shown to be activated, as demonstrated by an in-
creased capacity for maximal superoxide production (28).
FcyR expression was not evaluated in these patients. How-
ever, Simms et al. (29) used radiolabeled mAb 32 to demon-
strate that two patients with acute bacterial infections had in-
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creased FcyRI expression on their PMNs. The same authors
found FcyRII and FcyRIII expression to be similar on patient
and control PMNs. It can thus be concluded from our study
and that of Simms et al. that FcyRlI is selectively increased in
at least some bacterial infections. Moreover, our data show
that gram-negative urinary tract infections do not activate the
mechanisms leading to increased expression of FcyRI. Also,
although our sample size is small, it is apparent that E. coli
pyelonephritis causes a lower level of activation than does
GABHS infection.

In summary, we find increased FcyRI expression on the
entire circulating pool of both PMNs and monocytes isolated
from patients with GABHS pharyngitis. This increase might
result from a transiently high level of production of IFN-y and
G-CSF, but probably reflects the interactive effects of several
as yet to be identified hormones and cytokines. Further studies
will be required to determine the types of infectious illnesses
that are associated with increased expression of FcyRI.
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