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Abstract

Objective: Anti-TNF-α therapy is an effective therapy for Crohn’s disease (CD). Thus anti-TNF-α therapy may
alter CD64 expression, one of the Fc receptors for IgG, in CD. We investigated CD64 expression on neutrophils
before and after treatment with anti-TNF-α therapy in CD.

Methods: A total of 11 patients with active CD treated with anti-TNFα antibodies were enrolled. The severity of
CD was assessed with the CD activity index (CDAI). Peripheral venous blood was obtained before and 2 weeks
after the initial administration of anti-TNF-α antibody. CD64 expression on neutrophils was measured by FACS
analysis of whole blood samples.

Results: CDAI, C-reactive protein value and CD64 expression decreased significantly after anti-TNF-α therapy.
Both prior to and after anti-TNF treatment, there was a significant and positive correlation between CD64 expression
and CDAI or CRP. Similarly, there was a significant and negative correlation between CD64 and albumin value.

Conclusion: Anti-TNF-α therapy suppresses CD64 expression of neutrophils, which may account for the
mechanism underlying the efficacy of the medication in CD.
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Introduction
The chimeric anti-TNF-α monoclonal antibody infliximab (IFX) has

been reported to be effective in induction and maintenance therapies
for Crohn’s disease (CD). IFX binds to TNF-α with high affinity,
thereby neutralizing the cytokine’s biologic activity. IFX treatment
reduces serum levels of IL-6, IL-7, IL-8, IL-12, and MIP-1β in CD [1].
Serum IL-6 and IL-1β concentrations have been shown to decrease
after IFX treatment in rheumatoid arthritis, and IFX decreases serum
IL-18 levels in CD patients [2-4]. It has also been shown that IL-6 and
MCP-1 levels were significantly decreased in all CD patients after
adalimumab (ADA) treatment [5]. Finally, IFX treatment has been
shown to significantly reduce plasma CD40 levels and reduce the
number of activated Th-1 cells in the peripheral blood and intestinal
mucosa [6-8].

CD64, one of the Fc receptors for IgG, plays a role in antibody-
dependent cytotoxicity, clearance of immune complexes, and
phagocytosis of targets opsonized with IgG. Fcγ receptors are
expressed by innate immune cells including neutrophils and
monocytes and serve to unite antibody specificity and effector cell
functions. Quiescent neutrophils constitutively express Fcγ receptor II
(CD32) and Fcγ receptor III (CD16), with minimal levels of Fcγ
receptor I (CD64) expressed under basal conditions [9]. With active
inflammation, neutrophil CD64 is upregulated early in the innate

immune response by interferon (IFN)-γ and granulocyte colony
stimulating factor (G-CSF) [10,11]. In the present study, we examined
CD64 levels in CD patients before and after administration of IFX to
investigate whether CD64 is included in the perpetuation of CD and
the mechanism of action of IFX.

Patients and Methods

Patients
A total of 11 patients with active CD, 6 men and 5 women, mean age

32.0 years, were included in the study. Four patients had ileal disease, 6
patients ileo-colonic disease, and 1 patient colonic disease. Four
patients had anal disease. Disease duration ranged from 4 to 19 years,
with a mean of 10.0 years. The study was approved by the Human
Ethics Review Committee of Iwate Medical University. Informed
consent was obtained from each patient prior to enrollment.

Anti-TNF-α treatment
IFX was administered at a dose of 5 mg/kg intravenously. Treatment

responses were followed by physical examination and Crohn’s disease
activity index (CDAI) scoring before and 2 weeks after the initial
administration of IFX. Peripheral blood samples were collected before
and 2 weeks after treatment. White blood cell count (WBC) and serum
levels of CRP and albumin were measured.
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Quantitative measurement of CD64 expression
Expression of CD64 on neutrophils was measured by staining

EDTA-3K whole blood with QuantiBriteTM CD64PE/CD45PerCP
(Becton-Dickinson, San Jose, CA, USA) according to the
manufacturer’s instructions. Briefly, 20 µL of QuantiBriteTM CD64PE/
CD45 Per CP was added to 50 µL of whole blood and incubated for 60
min in the dark at room temperature. This was followed by lysis of red
blood cells with two mL of 1 × FACSTM lysing solution (Becton-
Dickinson) without washing, followed by an additional 60 min
incubation to reduce nonspecific background staining [12]. Specimens
were analyzed using a FACSCalibur flow cytometer and CellQuest Pro
software (Becton-Dickinson). The number of antibody-phycoerythrin
(PE) binding sites per cell was computed with QuantiQuest software
(Becton-Dickinson) using a linear regression curve (derived from data
generated with QuantiBRITETM PE beads, Becton-Dickinson)
obtained in parallel for each sample. As each CD64-PE antibody is
designed to bind one PE molecule, the mean number of CD64
molecules expressed on a cell can be calculated using the PE
fluorescence quantification kit and QuantiBRITETM PE beads.

Statistical analysis
CD64, CDAI, and CRP data are expressed as means ± standard

deviation (SD). Statistical analyses comparing the CD64 data before
and after IFX treatment were performed using the paired Student’s t-
test. Correlation coefficients were assessed by linear regression
analysis. A p value<0.05 was considered to be statistically significant.

Results

Efficacy of anti-TNF-αantibody
CD64 expression decreased significantly after IFX treatment (Figure

1). The mean CD64 expression before administration of IFX were
5021.8 ± 3171.6 molecules/cell, and the value decreased to 2847.2 ±
1767.0 molecules/cell two weeks after administration of IFX (p<0.05).
CDAI decreased significantly 2 weeks after treatment (from 201.6 ±
70.7 to 156.1 ± 87.9, p<0.05) (Figure 2). In addition, serum CRP values
decreased significantly (from 1.9 ± 1.4 to 0.3 ± 0.7, p<0.05) (Figure 3),
while there was not any statistically significant difference in serum
albumin or white blood cell count.

Correlations between CD64 and clinical parameters
Figure 4 shows the correlation between CD64 and CDAI. CD64

showed a statistically significant and positive correlation with CDAI
(r=0.56, p<0.05). There was also a statistically significant and positive
correlation between CD64 and CRP (r=0.67, p<0.05) (Figure 5). In
contrast, there was a statistically significant and negative correlation
between CD64 and serum albumin (r=-0.62, p<0.05) (Figure 6). There
was not any significant correlation between CD64 and WBC.

There was a statistically significant positive correlation between
CD64 and CDAI (r=0.56, p<0.05).

Figure 1: CD64 expression before and after anti-TNF-α treatment.

Figure 2: CDAI scores before and after anti-TNF-α treatment.

Figure 3: CRP levels before and after anti-TNF-α treatment.
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Figure 4: Correlation between CD64 and CDAI.

Figure 5: Correlation between CD64 and CRP.

Figure 6: Correlation between CD64 and serum albumin.

Discussion
In this study, we observed a significant correlation between the

CD64 expression and CDAI in patients with CD. Since an elevated
CD64 expression has been shown to be associated with mucosal
inflammation and an increase in the risk of clinical relapse in CD
[13,14], CD64 expression, as well as endoscopic and histologic, severity
may be one of the useful biomarkers for the assessment of disease

activity, practical intestinal damage and the risk of relapse in patients
with CD.

CD64 has been implicated as a modulator of the response to
microbial challenge in intestinal mucosal inflammation [15].
Additionally, CD64 and toll like receptor 4 have been reported to be
up-regulated in CD patients [16] and this correlates with clinical and
biological parameters of inflammation in patients with inflammatory
bowel disease (IBD) [17]. These observations suggest a role of Fc
receptors as diagnostic markers and as potential, modulating factors
for immunoglobulin-based medications [18]. Furthermore, there is a
correlation between responsiveness to IFX and polymorphisms in
FcRIII receptor isoforms [19,20]. These observations, together with a
similar association found in rheumatoid arthritis [21,22] seem to
support the current hypothesis that Fc receptors influence the outcome
of IFX therapy.

Fcγ receptors are expressed by innate immune cells including
neutrophils and monocytes and serve to unite antibody specificity and
effector cell functions [23]. The central role of CD64, a high affinity
receptor for IgG1 and IgG3, is recognition and clearance of immune
complexes by phagocytosis as well as antibody-dependent cell-
mediated cytotoxicity (ADCC) [23]. Upregulation of neutrophil CD64
has been shown to differentiate symptomatically active IBD from
quiescent IBD [17]. CD64 positive neutrophils have been shown to
infiltrate the colonic lamina propria in active CD [17], and FcγRIA
mRNA expression has been shown to be significantly elevated in ileal
and rectal tissue subjects with the disease. In IBD patients, who were
refractory to anti-TNFα therapy, CD64 mRNA expression remained
up-regulated even in post-treatment colonic biopsy specimens [24]. A
correlation between the CD64 expression of the peripheral neutrophils
and FcγRIA expression in the ileal mucosa has been demonstrated,
thereby suggesting that CD64 expression can a marker for mucosal
treatment response [13].

In this study, CD64 expression correlated significantly with CDAI
and CRP. Furthermore, quantitative analysis of CD64 has been
suggested to be applicable to the distinction of patients with chronic
inflammatory conditions from healthy controls [17,25,26]. Hence,
CD64 may be a candidate biomarker for CD patients receiving IFX
therapy.

Our study has several limitations. First, since we did not enroll
healthy controls, we could not determine reference values for CD64.
Second, our investigation was a pilot study with a relatively small
number of patients. These issues are being addressed in an ongoing
prospective study.

In conclusion, we have shown that anti-TNF-α therapy reduced
blood CD64 expression in patients with CD. CD64 expression
correlated significantly with other parameters of disease activity. Based
on these observations, we concluded that CD64 may play an important
role in the perpetuation of disease in patients with CD.
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