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disease after allogeneic peripheral blood stem cell
transplantation: Concurrent measurement of ten cytokines
and their respective ratios using cytometric bead array
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Abstract. Both inflammatory and anti-inflammatory cytokines
have been reported to be associated with acute graft-versus-
host disease (aGVHD). However, their role and possible
mutual interactions during aGVHD are not well understood.
Eight patients with aGVHD and eight without who had
undergone allogeneic HLA-identical peripheral blood stem
cell transplantation were studied. The patients had no other
complications known to affect serum concentration of cyto-
kines, including infection. Serum concentrations of IL-18,
IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, TNF-a and
IFN-y were concurrently measured by a new technique, the
cytometric bead array (CBA). We found that serum
concentrations of IL-5, IL-6 and IL-10 were significantly
higher in patients with aGVHD than in patients without it. By
ratiometric analysis, the ratios of IL-5/IL-2, IL-5/IL-4, IL-6/
IL-4 in patients with aGVHD were increased compared to
the patients with no evidence of aGVHD. ROC analysis
demonstrated that the ratio of IL-5/IL-4 was the most
sensitive parameter associated with aGVHD. The second best
marker of aGVHD was increased IL-5 concentration. Thus,
our results indicate that the ratio of a particular cytokine/
cytokine could be a potential diagnostic marker for aGVHD,
more sensitive that the serum level of a given cytokine. This
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observation is consistent with a cross-talk among some
cytokines and their possible interactions via respective
receptors on cytokine-producing cells; these interactions may
play an important role in pathogenesis of aGVHD. Further
studies including a large number of patients and concurrent
measurement of a variety of cytokines are needed to fully
assess the diagnostic value of the cytokine ratiometric analysis.
The CBA methodology provides a convenient and useful tool
in such studies.

Introduction

Acute graft-versus-host disease (aGVHD), which occurs in
>30% of patients who undergo allogeneic stem cell trans-
plantation is still one of the major contributors to transplant-
related mortality (1). Thus, to reduce the rate of transplant-
related mortality, management of aGVHD is a critical clinical
problem.

Cytokines are proteins with relatively low molecular weight
that are secreted by cells in reaction to a variety of different
stimuli. Cytokines are important immunoregulators and act
as key mediators of the host response to various infectious,
inflammatory, and immunologic challenges (2-4). A variety
of cytokines have been demonstrated to be associated with
aGVHD. Accumulating evidence has shown that inflam-
matory cytokines including tumor necrosis factor (TNF)-a,
interleukin (IL)-1 or IL-6 play primary roles in activating T
cells leading to aGVHD (5). Thl cytokines including IL-2,
interferon (IFN)-y induced by inflammatory cytokines also
cause tissue destruction in aGVHD (6). On the other hand, the
elevation of serum anti-inflammatory cytokines such as IL-10
or transforming growth factor-B1 (TGF-B1) has also been
reported (7). It is likely that within the complex mechanism
of the cytokine network during aGVHD that altered expression
of a particular cytokine (e.g. cytokine a) may modulate the
expression of another cytokine (e.g. cytokine b) and thus
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Table I. Patient charactereristics.

FUIII et al: CBA-MEASURED CYTOKINE LEVELS AFTER PBSCT

Disease Age  Sex Disease status ~ No. of CD34+  Conditioning aGVHD aGVHD
x10%kg prophylaxis (Grade; organ)
1 AML(M2) 18 F Primary Ref 4 BU/CY/Flu CsA/sMTX 1II; Gl
2 NHLMCL) 67 M Primary Ref 1.8 CY/Flu CsA/sMTX I, Skin
3 NHL(FL) 58 M Ref/2nd T 452 CY/Flu CsA/sMTX  III; Skin, GI
4  NHL(DL) 28 M Primary Ref 435 CY/TBI CsA/sMTX  III; Skin, GI, Liver
5 AMLWM2) 30 F 2CR 5.53 CY/TBI CsA/sMTX I, Skin, GI
6 AMLWM2) 58 M ICR 2.9 BU/CY CsA/sMTX  1I; Skin, GI
7  MDS/AML 55 F Relapse/Ref 2.74 BU/ICY FK/sMTX IIT; Skin, Gl, Liver
8 ALL(L2) 40 F ICR 3.83 L-PAM/TBI CsA/sMTX  [; Skin
9  CML(CPI) 35 F 1CP 10 BU/CY CsA/sMTX -
10  CML(CP1) 18 M 1CP 797 BU/CY CsA/sMTX -
11 AML(M4) 39 F Primary Ref 4 CY/Flu CsA/sMTX -
12 CML(CP1) 35 F CP 6.38 BU/CY CsA/sMTX -
13 MDS(RA) 58 M No treatment 1.62 CY/Flu CsA/sMTX -
14 MM 52 M Relapse/Ref 35 L-PAM/Flu CsA/sMTX -
15 AML(M2) 62 F ICR 2.19 CY/Flu CsA/sMTX -
16  AML(M6a) 18 M ICR 4.67 CY/TBI CsA/sMTX -

AML, acute myelogenous leukemia; NHL, non-Hodgkin lymphoma; MCL, mantle cell lymphoma; FL, follicular lymphoma; DL, diffuse
large B cell lymphoma; MDS/AML, myelodysplastic syndrome/overt leukemia; ALL, acute lymphoblastic leukemia; CML, chronic myeloid
leukemia; CP1, first chronic phase; RA, refractory anemia; MM, multipte myeloma; F, female; M, male; Ref, refractory; 2nd T, second
transplantation; CR, complete remission; BU, busulfan; CY, cyclophoshamide; Flu, fludarabine; TBI, total body irradiation; L-PAM,
melphalan; CsA, cyclosporine A; MTX, methotrexete; FK, FK506(tacrolimus); GI, gastrointestine.

there is a mutual cause-effect interaction between them. Such
interaction is expected to be reflected by the consistently
altered (cytokine a)/(cytokine b) ratio, the alteration more
pronounced than a change in expression of either of these
cytokines alone. This kind of cytokine-to-cytokine
interaction may play important roles in both development
and regulation of aGVHD. However, no report on concurrent
measurement of the concentration of multiple cytokines and
the examination of their relationship with the occurrence of
aGVHD exist.

We studied 16 patients to measure serum concentrations
of IL-18, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, TNF-a
and IFN-y with a newly developed technique, cytometric
bead array (CBA). The CBA assay uses uniform-size
microparticle-based flow cytometry to measure a panel of
human cytokines simultaneously (8). The ability of CBA to
measure the concentrations of 10 cytokines from the same
serum permits calculation of cytokine ratio and examined the
significance for occurrence of aGVHD.

Patients and methods

Patients. Sixteen patients who had undergone allogeneic HLA-
identical peripheral blood stem cell transplantation (allo-
PBSCT) in Okayama University Hospital from November 1998
to December 2002 were studied. Patient characteristics and
transplant procedures are summarized in Table I. Briefly, the
median age of the patients was 40 years (range 18-67). The

diagnosis included AML (n=7), NHL (n=3), CML (n=3) and
others (ALL, MDS, MM). Disease status at transplant
consisted of 9 standard-risk [1st complete remission and Ist
chronic phase (CML)] patients and 7 high-risk patients.
Preparative regimen included 9 conventional [total body
irradiation (TBI)/ cyclophosphamide (CY), busulfan/CY,
TBI/L-PAM] regimens and 7 fludarabine-based non-
myeloablative regimens. The infused number of PBSC are
shown in Table I. For aGVHD prophylaxis, 3 mg/kg/day
cyclosporine A (continuous i.v. from day 1) or tacrolimus
(0.03 mg/kg/day) with methotrexete [i.v. day 1 (10 mg/m?),
day 3 and day 5 (7 mg/m?)] were given. Skin or gut biopsy was
performed for histologically confirmation of aGVHD.

Among them, 8 patients did not suffer from acute GVHD.
Other 8 patients developed Grade I-IIl aGVHD (Grade I; 2,
Grade II; 2, Grade III; 4). The patients with Grade I aGVHD
were not treated against aGVHD. As the treatment of Grade
II aGVHD, predonisolone (1 mg/kg/day) was initiated.
Patients with any complications except aGVHD including
infection were excluded from the present study.

Collection of sera. All blood samples for cytokine deter-
mination were collected with a written informed consent.
Serum was separated immediately and stored at -20°C until
assays were performed.

Serum of the patients with aGVHD was collected prior to
the conditioning therapy and just before the initiation of
steroid therapy for aGVHD (Grade II-IV). In the patients with



Figure 1. Serum concentrations of L-5, IL-6 and IL-10 in patients with
aGVHD and without (A). Patients with aGVHD also exhibited higher serum
concentrations of IL-5 (4.63x18.7 vs. 124.3+247 .4 pg/ml; p=0.04), IL-6
(12.1+£37.9 vs. 74.1+122.3 pg/ml; p=0.04) and IL-10 (4.54+6.07 vs.
25.4+33.0 pg/ml; p=0.01) than patients without.

Grade I aGVHD, serum was collected when aGVHD was
histologically confirmed. In the patients without aGVHD,
serum was collected between day 30 and 60, when the
patients did not suffer from other transplant-related toxicities
including veno-occlusive disease and infections.

Cytometric bead array immunoassay. Serum concentration of
IL-16, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, TNF-a and
IFN-y were simultaneously measured by a CBA kit (Becton
Dickinson, San Diego, CA, USA). Briefly, for each serum
sample and cytokine standard mixture, 50 ul of sample or
standard was added to a mixture of 50 ul each of capture Ab-
bead reagent and detector Ab-PE reagent. The mixture (150 pl)
was subsequently incubated for 3 h at room temperature, and
washed to remove unbound detector Ab-PE reagent before
data acquisition using flow cytometry.

Flow cytometric analysis. Two-color flow cytometric
analysis was performed using FACSan™ (Becton Dickinson
Immunocytometry Systems, San Jose, CA, USA). Data were
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IL-18 IL-2 1L-4 IL-5 IL-6 IL-8 IL-10 IL-12 IFN-y TNF-a
IL-18 X NS NS NS NS NS NS NS NS NS
IL-2 NS X 0.0702 0.0038 0.0616 NS NS NS NS NS
IL-4 NS NS X 0.0003 0.0205 NS NS NS NS NS
IL-5 0.0399 0.0053 0.0503 X 0.0313 0.0316 0.0257 0.0829 0.0137 0.0423
IL-6 0.0674 NS 0.0348 NS X 0.0373 NS 0.0745 NS 0.0302
IL-8 NS NS NS NS NS X NS NS NS 0.0585
IL-10 0.0109 0.0438 0.0143 NS NS 0.0894 X 0.0208 NS 0.0122
IL-12 0.0053 NS NS NS NS NS NS X NS NS
IFN-y 0.0555 NS NS NS NS NS NS NS X NS
TNF-a NS NS NS NS NS NS NS NS NS c
Bold type, statistically significant.
IL-5 IL-6 acquired and analyzed using Becton Dickinson CBA software.
. Pa0.04 i . p=0.04 . .
g 81 Forward vs. side scatter gating was employed to exclude any
g g sample particles other than the 7.5-um polysterene beads.
%3‘ %g Data were displayed as two-color dot plots (FL-2 vs. FL-3)
2 o such that the 6 discrete FL-3 microparticle dye intensities
:_ = e ; S b i were distributed along the y-axis. Standard curves were
G o RS R plotted (cytokine calibrator concentration vs. FL-2 mean
fluorescence intensity) using a four-parameter logistic curve-
o Ll —= fitting model. Cytokine concentrations were determined from
& : these standard curves. If a sample had a cytokine
-8 concentration below the detection limit for the assay, a value
B of 1 was assigned for that particular cytokine concentration.
o e i Statistical analysis. All analyses were conducted with Stata
Non GVHD GVHD

version 8 (Stata Corp., College Station, TX). Subjects were
divided into two groups: those continued without aGVHD
throughout transplantation and those that had any grade of
aGVHD. Analysis of variance considering repeated
measurement within same individual at different time points
was applied to examine significance for each cytokine
concentration measured by CBA. Area under curve with
receiver-operationg-characteristics (ROC) analysis was
applied in choosing measures to identify occurrence of
aGVHD. p<0.05 was defined as statistically significant.

Results

Serum cytokine concentrations in patients with and without
aGVHD. Among the 10 cytokines studied, patients with
aGVHD exhibited higher serum concentrations of IL-5
[mean + standard deviation (SD); 4.63+18.7 vs. 124.3+247 4
pg/ml; p=0.04] than patients without (Fig. 1A). Patients with
aGVHD also exhibited higher serum concentrations of IL-6
(12.1+£37.9 vs. 74.1£122.3 pg/ml; p=0.04)) and IL-10
(4.54+£6.07 vs. 25.4+33.0 pg/ml; p=0.01) than patients
without (Fig. 1). There was no significant difference between
groups with and without aGVHD in the other 7 cytokines (data
not shown). There was no significant difference in the tested
cytokine levels prior to the conditioning therapy between
groups with and without aGVHD (data not shown).

We next examined the relationship ratios of cytokine/
cytokine and occurrence of aGVHD. As summarized in
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Figure 2. ROC analysis. (A) IL-5 was the most sensitive parameter
associated with aGVHD The second best test was IL-6 and IL-10 (AUC,
0.7043). (B) In the ratio of cytokine/cytokine, IL-5/IL-4 ratio has the best
ROC curve (AUC, 0.8925). The second best was IL-5/IL-2 ratio (AUC,
0.8737) followed by IL-6/IL-4 ratio (AUC, 0.751).

Table II, the ratio of IL-5/IL-2 (p=0.0038), IL-5/1L-4
(p=0.0003), and IL-6/IL-4 (p=0.0205) were significantly
higher in patients with aGVHD than in groups without. No
other ratios of cytokine/cytokine were associated with the
occurrence of aGVHD.

ROC analysis. To determine the most sensitive and specific
indicator for diagnosis of aGVHD, we performed ROC
analysis. As shown in Fig. 2A, IL-5 was the most sensitive
parameter associated with aGVHD [area under curve (AUC),
0.877]. The second best test was IL-6 and IL-10 (AUC,
0.7043). In the ratio of cytokine/cytokine, IL-5/IL-4 ratio has
the best ROC curve (AUC, 0.8925). The second best was IL-5/
IL-2 ratio (AUC, 0.8737) followed by IL-6/IL-4 ratio (AUC,
0.751; Fig. 2B).

Discussion

In the present study, we measured 10 cytokines including
IL-18, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12, TNF-a and

FUIII et al: CBA-MEASURED CYTOKINE LEVELS AFTER PBSCT

IFN-y simultaneously by CBA and examined the relationship
between these cytokines and occurrence of aGVHD. Our
results showed that serum concentrations of IL-5, IL-6 and
IL-10 were elevated in patients with aGVHD compared with
patients without it. It is well known that IL-5 is one of the
Th2 cytokine essential for eosinophil differentiation and
growth. There have been few studies on the relationship
between eosinophilia, one of the manifestations of chronic
GVHD (9), and aGVHD (10,11), Imoto et al reported that
serum IL-5 concentrations were elevated to >100 pg/ml in
aGVHD patients during manifestation of this complication
(10) and we confirmed this in the present study. Taken
together, previous studies and our results suggest that IL-5
may play an important role in the development of aGVHD.

Several previous studies have shown that there is a
relationship between serum IL-6 (6,12) and IL-10 (7,13,14)
and aGVHD. IL-6, one of proinflammatory cytokines, is also
known to be elevated during other transplant related com-
plications such as infections and veno-occlusive disease (VOD)
(15,16).IL-10 is one of Th2 cytokines to regulate inflammatory
response induced by various inflammatory cytokines. Some
investigators have also reported that the serum IL-10 level
was correlated with the severity of aGVHD (7,13,14). The
results obtained in previous studies suggest that IL-6 and
IL-10 may also play important roles in the development of
aGVHD. The present study confirmed this.

The CBA assay uses uniform-size microparticle-based
flow cytometry to measure a panel of human cytokines
simultaneously (8). The ability of CBA to measure the
concentrations of 10 cytokines from the same serum permits
calculation of cytokine/cytokine ratio and to examine the
significance for occurrence of aGVHD. We examined the
relationship between these cytokine/cytokine ratios and
occurrence of aGVHD. Recent studies concerning the diverse
cytokine network suggest that the relative balance in abundance
between various cytokines may better reflect the net effect of
cytokine responses than their absolute concentrations (17,18).
Cytokine ratios may be used for the characterization of a
variety of disease states such as asthma and atopy (19). In the
present study, we found for the first time that the ratio of
IL-5/1IL-2, IL-5/IL-4, and IL-6/IL-4 were significantly
increased in patients with aGVHD. These results suggest that
there is a cross-talk among cytokines in which an altered
level of one of them provides a feedback for up- or down-
regulation of another one from the correlated pair, although
the role of the observed cytokine ratios in the pathogenesis of
aGVHD is unclear. Such feedback interactions are expected
in light of the evidence of their pleiotrophic function, their
known role in a multitude of different immunologic and
metabolic reactions, and that different cell types may
synthesize each of them.

The diagnosis of aGVHD is commonly made from
observation of skin eruption, diarrhea and elevation of the
biliary tract enzyme (20). Management of patients with
aGVHD requires an effective treatment plan based on timely
and accurate diagnostic information. Thus, a reliable clinical
marker providing physicians with rapid and accurate diagnosis
of aGVHD is greatly needed. In the present study, ROC
analysis demonstrated that the ratio of IL-5/IL-4 has the best
ROC curve among 10 cytokines and 45 cytokine/cytokine
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1dicator for diagnosis of aGVHD.

In summary, we found that serum concentrations of IL-5,
IL-6 and IL-10 in patients with acute GVHD were significantly
higher than those in patients without. The results suggest that
these cytokines may play important roles in pathogenesis of
aGVHD. In addition, we also found that the ratios of IL-5/
IL-2, IL-5/IL-4, and IL-6/IL-4 were elevated in patients with
acute GVHD compared with those in patients without. The
results also suggest that there is cross-talk among cytokines
and these interactions may play important roles in patho-
genesis and severity of aGVHD. Furthermore, ROC analysis
demonstrated that the ratio IL-5/IL-4 was the most sensitive
parameter associated with aGVHD among 10 cytokines and
the ratios of cytokine/cytokine. Our results suggest that the
ratio of cytokine/cytokine could be a potential diagnostic
marker for aGVHD. Further studies including a large number
of patients and simultaneous measurement of a variety of
cytokines using CBA is needed. There were differences in
relative abundance of particular cytokines and their
respective ratios, among individual patients with aGVHD. It
is tempting to speculate that these differences may bear
prognostic value and/or be associated with severity of aGVHD.
Studies are underway to correlate these variations among
patients with the clinical parameters. The CBA methodology
provides a convenient tool to investigate these interactions.
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