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Purpose. To study the pharmacokinetics and ex vivo leukocyte
responses of recombinant human IL-10 (rHulL-10) following single
SC and 1V dosing.

Methods. A randomized two-way cross-over study was undertaken in
17 healthy volunteers in which rHulL-10 was administered as 25 pg/
kg SC and IV doses. Blood samples were collected for 48 hr after
dosing to determine serum IL-10 concentrations. Inhibitory activity of
IL-10 on ex vivo production of inflammatory cytokines (TNF-a and
IL-1B) by LPS-treated peripheral blood cells were measured over 96 hr.
Results. A physiologically-relevant modeling approach was developed
to determine the pharmacokinetics for two routes of administration
(SC and V). The IV dose showed polyexponential disposition with
CL of 65 mL/kg/r, V,, of 70 mL/kg, and t1/2 of 1.94 hr. Absolute
bioavailability averaged 42% for SC dosing which produced lower but
sustained concentrations. Substantial and prolonged suppression of
TNF-a and IL-183 production was achieved during IL-10 treatment.
The Hill Function was used to account for the joint concentration-
dependent immunosuppressive action of rHulL-10 after both /V and

' Schering-Plough Research Institute,
07033-0539.
2 University of Medicine and Dentistry of New Jersey, Robert Wood
Johnson Medical School, New Brunswick, New Jersey 08903-0019.
3 Department of Pharmaceutics, School of Pharmacy, State University
of New York at Buffalo, Buffalo, New York 14260.
“To whom correspondence should be addressed.
wjjusko@acsu.buffalo.edu)
ABBREVIATIONS: %CV, Coefficient of variation, expressed as a
percent; ABEC, Area between baseline and effect curve; AUC, Area
under the serum concentration-time curve from time zero to infinity;
CL, Systemic clearance; C,,,, Maximum observed serum concentra-
tion; C,, Theoretical drug concentration in serum at t = Q after IV
dosing; E,, Baseline TNF-a or IL-1(3 concentration; Bio, Absolute
bioavailability; ECL, Electrochemilluminescent assay; ev, Extravascu-
lar compartment; Frc, Fraction of IL-10 dose delivered by first-order
process; /Cso, Drug concentration producing 50% of maximum inhibi-
tion; IFN-v, Interferon-gamma; IL-13, Interleukin- I beta; IL-10, rHulL-
10, recombinant human interleukin-10; /..., Maximum fraction of
inhibition; 7V, Intravenous; k;,, Elimination rate constant from the
central compartment; k;;, Distribution rate constant between sites i and
Js ka, First-order absorption rate constant from SC to L&I sites; ka2,
First-order absorption rate constant from L&I to central compartment;
L&I, Lymphatic and interstitial compartment; LOQ, Limit of quantita-
tion; LPS, Lipopolysaccharide; SC, Subcutaneous; ta, Duration of zero-
order input for IL-10; TNF-a, Tumor necrosis factor-alpha; t;,, Termi-
nal phase half-life; T, Lag time between zero-order and first-order
inputs; T, Time of maximum observed serum concentration; V,
Volume of distribution in the central compartment; V,, Volume of
distribution at steady-state.

Kenilworth, New Jersey

(e-mail:

1895

Research Paper

SC doses. The ICs, values were about 0.03 ng/mL and /.. values were
about 0.85 for both TNF-a and IL-1p suppression. The degree of
change as well as the duration of leukocyte response was greater after
SC administration than after /V administration.

Conclusions. rHulL-10 shows favorable PK/PD characteristics espe-
cially by the SC route of administration which produced prolonged
suppression of cytokine production (ex vivo) which may be applicable
in various immune-related disorders.

KEY WORDS: IL-10; cytokines; protein; immunosuppression;
pharmacokinetics.

INTRODUCTION

The pleiotropic cytokine, IL-10 originally identified as
a product of the T,2 cell subset (1) has immunomodulatory
properties (2,3) that are promising for use in the treatment of
various immune disorders. These properties include inhibition
of proinflammatory cytokine production such as IL-1, IL-6 and
TNF-a by LPS-stimulated macrophages (4) and inhibition of
expression and production of polymorphonuclear leukocyte
derived chemokines such as IL-8, and MIP-1a (5). It also
prevents antigen-specific T cell proliferation (6).

IL-10 provides protection in animal models of LPS-
induced (7) as well as enterotoxin B-induced (8) shock in mice
and experimental allergic encephalomyelitis in rats (9) by down-
regulating excessive cytokine production. IL-10 deficient mice
suffer from chronic enterocolitis due to overproduction of cyto-
kines such as TNF-a, IL-1 and IFN-v (10) signifying a possi-
ble role for IL-10 in the treatment of inflammatory bowel
diseases. Furthermore, IL-10 was shown to have an immunoreg-
ulatory role in rheumatoid arthritis (11). Consistent with these
results, recombinant human IL-10 treatment led to the suppres-
sion of ex vivo LPS-stimulated proinflammatory cytokine pro-
duction from whole blood in human subjects (12,13,14).

Recombinant human IL-10 is a non-covalently linked
homodimeric peptide with a monomeric molecular weight of
18.7 kDa. Data from animals and humans suggest that peptides
and proteins including IL-10 have short half-lives (12,15,16).
Subcutaneous administration of macromolecules may result in
absorption-rate limited disposition causing longer residence
times (14,16) due to lymphatic uptake from injection sites (17).
The major concern for SC or any extravascular dosing is bio-
availability as peptides may be degraded locally by proteases.

The present study investigates the SC bioavailability and
pharmacokinetics of single doses of rHuIL-10 in healthy volun-
teers with the aid of a general PK model that takes into account
the various physiological factors involved in absorption, distri-
bution and elimination of therapeutic macromolecules. The sec-
ond objective of the study was to assess the immunosuppressive
effects of IL-10 with reference to suppression of ex vivo LPS-
stimulated proinflammatory cytokines, IL-1f and TNF-a, pro-
duction in whole blood.

METHODS
Experimental
Volunteer Subjects and Dosing Schedule

An institutional review board (IRB) approved the protocol
and the volunteers provided informed consent. Seventeen
healthy male volunteers were empaneled and completed this
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randomized, open-label, two-way crossover, single dose study.
Each volunteer received two single doses (IV and SC) of 25
pg rHulL-10/kg separated by a two-week washout interval.
The rHulL-10 (SCH 52000, nonglycosylated, expressed in
Escherichia coli) was provided by Schering-Plough Research
Institute (Kenilworth, NJ) as a lyophilisate. Volunteers were
confined to the study site from approximately 12 hr prior to
dosing until approximately 96 hr post-dosing. On the morning
following an overnight fast, subjects were administered 25 g
rHulL-10/kg by either subcutaneous (SC) injection in the upper
arm or by intravenous (IV) bolus injection (over 30 sec). Four
mL of blood were drawn for the determination of serum IL-
10 concentrations at time O (immediately prior to dosing) and
at 0.5, 1, 1.5, 2,3, 4,5, 6, 8 12, 16, 20, 24, 36, and 48 hr
following SC administration. Following IV administration, 4
mL of blood were also drawn at times 5, 10, 20, and 45 min.
The serum samples were stored at —70°C until assayed.

IL-10 Determination

The IL-10 concentrations in serum were determined using
a validated ECL method described previously (12). The limit
of quantitation (LOQ) was 0.1 ng/mL.

Ex Vivo Production of Cytokines

At0,0.5,2,3,4,6,8,12, 16,24, 48,72 and 96 hr following
IL-10 dosing, blood was drawn into heparinized syringes. Blood
samples (2.5 mL) were transferred into tubes containing EDTA
and 35 ng of E coli LPS in 1 mL of RPMI. Samples were
incubated at 37°C for 24 hr and the plasma was separated by
centrifugation at 1000 g for 20 min at 4°C and then clarified
by centrifugation at 13,000 RPM using a microcentrifuge for
approximately 5 min. The plasma samples were frozen at ~70°C
and assayed for TNF-a and IL-1B (12). A differential white
blood cell count and CBC were also performed.

Pharmacokinetics

Preliminary analysis of the IV data showed that a two-
compartment model adequately described the disposition for
most subjects, while a  three-compartment model better
described the profiles for the remaining 3 subjects (subjects 5,
7, 18). The IV data from Subject 7 was used as a reference
for the three-compartment model, with his inter-compartmental
distribution rate constants, k;, and k;; being fixed for other
subjects thereby forcing two peripheral compartments, k;o/
ka1 V¢ and ky3/ks;* V. to the others. It was assumed for Subjects
5 and 18 that the assay was not sensitive enough to determine
the terminal IV disposition phase.

IL-10 absorption profiles following SC injection (25 pg
rHulL-10/kg) were examined using the Area Function Method
which is an application of deconvolution (18,19). The input
rate profiles revealed two absorption phases, an initial loading
dose followed by more gradual delivery. These were described
by a zero-order input over a short duration (ta) reflecting the
loading dose phenomenon followed by a first-order input (ka)
with an intervening lag time (T,,). The fraction delivered by
the two processes were modeled as parameters 1-Frc and Fre.

Finally, an integrated PK model (Figure 1) was used to
determine the absorption and disposition characteristics of the
drug by fitting simultaneously the IV and SC data. Parameters
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Fig. 1. Proposed pharmacokinetic model for IL-10.

obtained directly by simultaneous fitting were k2, ki3, k21, K3y,
Ko, Ve, ta, Ty, Fre, ka, ka2, and Bio.

The PK parameters calculated from the proposed model
include volume of distribution at steady-state (V) and systemic
clearance (CL):

Vi = (1 + kio/koy + kya/ksy) Ve CL = V.- ko

Linear and stationary pharmacokinetics were assumed for all
subjects as established earlier (12). Goodness-of-fit was judged
by the convergence of the least-squares regression, absence of
systematic deviations of observed versus fitted data points along
with the use of the Akaike Information Criterion when compar-
ing alternative models (two- vs. three-compartment).

The differential equations used for the model were:

dC.\',iv

o = ket ki) - (Con) + kA Ve
dCJ,SC

dt = ~(k12 + klO) . (Cs,.rc) + k21 : Ae"--\'C/VC

+ ka2 - Apgi/V,. + Bio - (1 — Frc) - Dosel(ta - V)

dAev.iv
T = klZ ! Cs,iv . Vc - kZI ’ Aev.iv
dAEV.XC — k C V k A

dt — R2 5,5¢ c 21 ev,sc
dA

di&l = ka  Bio - Frc - Dose + e %077 ta) — ka2 - A, 4,

where the symbols are defined in the abbreviations.

The zero-order input rate operates from time zero to ta
and the first-order absorption occurs at times greater than ta +
Tiae. The three-compartment model was structured similarly
with a second peripheral compartment.

Leukocyte Responses

The inhibition of ex vivo production of proinflammatory
cytokines (TNF-a and IL-13) determined from LPS-stimulated
blood cells was measured. Data from the first 48 and 72 hr for
IV and SC doses were used to model the concentration-effect
relationships. The concentration-effect relationship utilized the
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inhibitory 1,,,, model assuming the effect as a direct function
of serum IL-10 concentration:

Eo - Lax © Cs

E=E, -
ICs + C,

where E and E, are the TNF-a and IL-1p concentrations at
time t and zero (baseline), C, is the serum IL-10 concentration
at time t corrected by the dilution factor used in the ex vivo
cytokine production assay, /Csq is the drug concentration pro-
ducing 50% of the maximum inhibition, and /., is the maxi-
mum fraction of inhibition observed. Simultaneous fitting for
IV and SC data was done for each subject to enrich the data
set. The parameters fitted were Eq (/V dose) and E; (SC dose),
I and ICsy. The Eq values were fitted separately due to
variability in baseline responses.

ABEC,_,; (area between baseline and effect curve) was
calculated based on the model predicted effects for individual
subjects during both IV and SC phases by the trapezoidal method
using predicted E, as the baseline response. The ABEC values
were normalized by the respective IL-10 AUC_g.

Data Analysis

Data analysis was performed with the PCNONLIN regres-
sion program (SCI Software Inc., Apex, NC, version 4.0). The
Nelder-Mead Simplex and Gauss-Newton with Levenberg’s and
Hartley’s modification algorithms were used to perform non-
linear regressions. Individual data were fitted separately assum-
ing intrinsic differences in the response patterns and the degree
of inter-individual variability was determined by the standard
deviation of the mean of respective parameters. Weighing of
1/y and 1 were used for the PK and response data. In order to
minimize the effects of extreme values on the reported means,
median values are also reported. A paired t-test was used to
compare the ABEC/AUC ratio for IV and SC dosing using SAS
software (Version 6; SAS Institute, Cary, NC).

RESULTS

Pharmacokinetics

Representative serum concentration-time profiles of IL-
10 after IV and SC dosing for four individual subjects are shown
in Figure 2. Evident is the sustained-release pattern during SC
dosing preceded by a rapid absorption phase that can be deemed
as a form of loading dose. The IV plots show a multi-exponential
disposition pattern with a rapid initial decline that later yields
a less steep terminal phase with t;, of 1.94 *= 1.16 hr. The
Cinax after SC administration was 13.6 ng/mL versus a C, of
471 ng/mL after IV administration.

Due to the large molecular size of IL-10, the V. (55.78
* 13.65 mL/kg, Table I) approximated the plasma volume
implying that the drug remains within the vascular compart-
ment. Also, the Vi (70.26 * 15.87 mL/kg) remained close
to V. signifying the minimal contribution of any peripheral
compartment. The clearance of the drug was 64.56 = 7.14 mL/
kg - hr (Table I). The low CL and low V| jointly account for
a short tin ([1/2 ~ 0.7 - V\S/CL)

The absorption parameters for IL-10 are shown in Table
I. As illustrated in Figure 1, upon SC administration, IL-10
forms a depot at the injection site from where a small fraction
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Fig. 2. Time-course of IL-10 concentrations for four subjects following
IV (@) and SC (O) administration.

0.1

(1 — Frc) was rapidly absorbed (ta = 0.47 = 0.52 hr) directly
into the circulation by an apparent zero-order process. This was
followed by a more gradual release of the drug as described
by the second fraction (Frc = 0.95 = 0.04) at a first-order rate
(ka = 0.16 = 0.04 hr™!) whose kinetics is controlled by lymph

Table I. Absorption and Disposition Pharmacokinetics of IL-10

Mean SD Median
Disposition Parameters
V. (mL/kg) 55.78 13.65 55.28
Vs (mL/kg) 70.26 15.87 67.11
CL (mL/kg-hr) 64.56 7.14 63.90
tyn(hr)? 1.94 1.16 1.81
Absorption Parameters
ta (hr) 0.47 0.52 0.43
Frc 0.95 0.04 0.96
ka (hr™!) 0.16 0.04 0.15
ka2 (hr™") 0.61 0.69 0.35
Tag(hr) 0.23 0.52 0.00
Bioavailability 0.42 0.11 043

2 Patients 5, 7, and 13 were excluded.
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flow. A lag time (Tj,, = 0.23 = 0.52 hr) between the two
absorption phases results from the delay due to slow lymphatic
delivery of IL-10. The absorption rate profile (Figure 3) gener-
ated by deconvolution depicts the existence of two absorption
phases. From the terminal phase of the same plots, it is clear
that the input rate governs the terminal phases during SC dosing,
though one cannot be sure of the true terminal phase due to
assay limitations (LOQ for IL-10 is 0.1 ng/mL, while endoge-
nous levels of IL-10 can be less than 1 pg/mL). The absorption
rate profile is also identical to the serum IL-10 concentration
pattern signifying that the SC profile of IL-10 is controlled by
its absorption rate. The rate constant ka2 (0.61 hr™!) that
describes the absorption from “L & I” to V_ is higher than ka
in most cases. However, the difficulty in interpreting ka and
ka2 is that they can be interchangeable since the true disposition
characteristics from “L & I” are unknown. What is clear is that
either ka or ka2 is smaller than the terminal slope of the IV
profile (data not shown) in most subjects which further strength-
ens the flip-flop absorption characteristics of IL-10. The drug
has moderate bioavailability (42.4%) with low variability (%CV
= 25.0).

Figure 4 shows the average and range of the absorption and
disposition parameters for all subjects. The overall variability of
the absorption parameters is small for Frc (CV = 3.7%), modest
for bioavailability (25.0%) and ka (23.9%), while it is large
for ta (111%), ka2 (113%) and T, (222%). The disposition
parameters (Table I, Figure 4) showed less variability.

Leukocyte Responses

The concentration as well as the time-dependent suppres-
sion of proinflammatory cytokine production (TNF-a and IL-
1B) from LPS stimulated whole blood are shown for two sub-
jects (Figure 5). Cytokine concentrations were normalized by
simultaneous monocyte counts as IL-10 treatment causes eleva-
tion of monocyte counts. IL-10 causes substantial suppression
of both TNF-« and IL-1B production. Moreover, the drug pro-
duced a high degree of inhibition approaching 100% (I,,.c =
1.0) as shown by the large values of I, (TNF-a: 0.84 * 0.06,
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Fig. 3. Absorption rate for IL-10 derived from area function plot for
Subject 2 (@) and Subject 18 (O).
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Fig. 4. Range of pharmacokinetic absorption and disposition parame-
ters of IL-10 in 17 healthy subjects.

IL-18: 0.87 = 0.10, Table II). Parallel responses were seen for
TNF-a and IL-1{3 responses. The SC and /V data superimposed
fairly well in determining the concentration-effect relationship
and were fitted simultaneously. The baseline responses (Eg)
were, however, estimated separately due to their large differ-
ences and variability (Table II). Although the C,,, for the SC
route was more than an order of magnitude lower than that
observed after IV administration, the concentrations of IL-10
after SC dosing achieved appreciable immunosuppression and
the sustained input prolonged the response in most cases.
The ICsy values (TNF-a: 0.029 * 0.062 ng/mL, IL-183:
0.029 = 0.040 ng/mL, Table II) were quite low. These ICs,
values are markedly below quantifiable concentrations of IL-10.
Comparison of the ABEC/AUC ratios revealed achieve-
ment of greater net immunosuppressive efficiency upon SC
versus /V dosing (p < 0.05) as shown in Figure 6. The ABEC/
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3) Sr . i Table II. Summary of Leukocyte Response Parameters of IL-10
il o Subject 02 - (%Subject 04
sl [ Parameters Mean SD Median
TNF-a
2 i Eo(/V, ng/mL) 3.045 1.870 2.356
L Eo(SC, ng/mL) 2571 1.958 2.008
* i D028 006ls 00099
< - " ICso(ng/mL . . .
T 0 ? 107 10 10° Al;(;E(Ci/AU)CW 0.1683 0.1566 0.0911
5 IL-10 (ng /mL) ABEC,/AUC,, 0.5830 0.4194 0.4408
3 T IL-1g
% B Eo(/V, ng/mL) 3.419 1.594 3.360
= ! E(SC, ng/mL) 3.324 2.625 2.524
Lo 0.868 0.097 0.904
ICso(ng/mL) 0.0294 0.0404 0.0050
ABEC;/AUC;, 0.1793 0.1425 0.1236
ABEC,/AUC,, 0.7878 0.5762 0.6712
|
72
b}
the lymphatic circulation (17). The large gaps between adjacent
endothelial cells in the lymphatic capillaries as compared to
those in the blood capillaries allow IL-10 to enter the lymphatic
circulation (20) from the SC injection site before reaching the
systemic circulation. However, a fraction of the dose appears
= in the systemic circulation immediately after SC administration
% ol without any time delay. Since lymph flow is slow and may
g 108 10" 102 105 101 102
- IL-10 (ng /mL)
= 5 P =0.001
4 |
2~
3 e
e
2 TNF-a
1
ot j j
72 72 1L
Time (hr)
Fig. 5. Ex vivo cytokine production (TNF-a and IL-1B) for two sub- .\
jects following /V (@) and SC (O) administration of rHulL-10. L)
T —
©
AUC ratios were 0.168 = 0.157 and 0.583 = 0.419 for the IV ;
and SC dosing for TNF-a; the corresponding values for IL-13 = 0
production were 0.179 * 0.143 and 0.788 = 0.576. g P =0.0006
Administration of rHulL-10 by either the IV or SC route < 3,
resulted in complex changes in white blood cell differential O
. . w
counts. There were moderate increases in total WBC count, (7]
neutrophil count, and monocyte count in conjunction with a <
mild decrease in total lymphocyte count. There were mild to 2} IL-1p
moderate decreases in platelet counts. In general, the degree
of decrease was greater after SC administration than after IV
administration and were similar to previous findings (14). No
clinically significant abnormalities were noted in serum electro- 11
lytes, calcium, phosphorous, BUN, creatinine, uric acid, glu-
cose, SGOT, SGPT, alkaline phosphatase or albumin.
DISCUSSION 0
Pharmacokinetics SC v

Due to its large molecular size, upon SC administration, ~ Fig. 6. ABEC/AUC(0-48 hr) ratios for TNF-a and IL-1pB for all
it is hypothesized that most of the drug will be transported to subjects.
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cause a time-lag for the drug to reach the systemic circulation,
some leakage of blood vessels may allow entry of a fraction
of the injected dose through the interstitial spaces. Thus, the
proposed PK model (Figure 1) assumes that SC administration
forms a depot at the injection site from where a small fraction
(1-Frc) is rapidly delivered directly to the circulation by an
apparent zero-order process. This event represents an initial
loading dose phenomenon. The second phase of absorption (Frc
fraction) involves a more gradual uptake of drug where the
kinetics are first-order and governed mainly by the lymph flow.

The pharmacokinetic model describes the concentration-
time profiles both during IV as well as SC dosing and could
be adapted to other macromolecules administered by SC injec-
tion. The two input rates well describe the initial time points
(inset Figure 2) where there is a quick rise and plateau in drug
concentrations following SC administration. By virtue of its
molecular size, delivery of IL-10 by SC dosing is ideal since
both immediate as well as prolonged and effective concentra-
tions are achieved. Estimates of V. approximate the plasma
volume while the disposition phase is multiexponential and
may be due to some type of binding to nonfunctional sites of
IL-10. This phenomenon is common for other macromolecular
therapeutic cytokines and monoclonal antibodies (21,22). The
rHulL-10 molecule is nonglycosylated and hence may be catab-
olized by the kidney. However, there might be other routes
of elimination including hepatic metabolism and proteolytic
degradation as seen for other peptides (16). The presence of
proteolytic enzymes in the SC or lymph compartments may
partly account for the low bioavailability. Although the C,,,
is considerably lower for the SC dose as compared to the IV
dose, the slow but continuous release profile of the drug en-
ables the achievement of satisfactory delivery rates and bio-
availability values. The PK disposition parameters obtained
(Vi CL) agreed well with previous results (12) that used a
non-compartmental approach.

Compared to other absorption parameters, the low inter-
subject variability in éstimating Frc values supports the exis-
tence of two phases of input for drug absorption from the
extravascular SC site. This low degree of variability of the
disposition parameters and bioavailability facilitated the use of
simultaneous fitting for estimating the PK parameters. The
variability in the PK profiles arise more due to processes govern-
ing the absorption of rHulIL-10 than due to disposition mecha-
nisms (though the sparse data during the initial absorption phase
may contribute to some extent for the higher variability). How-
ever, some patients (distinctly Subject 7) exhibited a prolonged
IV terminal disposition phase parallel to SC that complicated
the fitting to the model. In those cases, flip-flop kinetics do
not occur, although, the first-order input following the loading
dose still ensures sustained delivery of the drug. This anomaly
may be explained by the fact that flip-flop kinetics may not
hold true if the true terminal phase is not achieved within the
limits of quantitation in most subjects.

Leukocyte Responses

rHulL-10, a potential immunosuppressive agent, is being
investigated for the treatment of patients suffering from immune
related disorders. Currently there are data available in patients
with Crohn’s disease where IL-10 showed encouraging results
(23). In the present study, blood samples from healthy male
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volunteers treated with rHulL-10 were stimulated with LPS
and production of TNF-a and IL-1f was monitored over four
days. rHulL-10 treatment caused prolonged and significant sup-
pression of cytokine synthesis as serum concentrations exceeded
ICso values for an extended time frame, especially after SC
dosing. The information obtained from this study may serve
as a therapeutic guideline to determine the dosing pattern for
the immunosuppressive action of IL-10 in conditions due to
the overproduction of inflammatory cytokines.

IL-10 regulates the TNF-o and IL-1P genes at the tran-
scriptional level as it inhibits their mMRNA accumulation when
PMNs (polymorphonuclear leukocytes) or PBMCs (peripheral
blood mononuclear cells) are stimulated by LPS in the presence
of IL-10 (5,24). A direct concentration-effect relationship was
utilized assuming that the ex vivo measurements were largely
a type of bioassay for IL-10 immunosuppressive action. The
ICs, values obtained for TNF-a and IL-13 suppression (Table
II) were very low and [, values of about 0.85 reflect an ability
to cause nearly complete inhibition.

The E, values (Table II) varied considerably between dos-
ing days in many subjects and contributed to the variability in
calculated ICs, values. Furthermore, /Csq values were very low
and occur at concentrations where there is limited PK data (tails
of PK profiles). This may also contribute to the uncertainty
and variability of the parameter.

ABEC, a summary parameter representing the net effect
of the drug was normalized by the respective drug AUC over
the same time interval in order to characterize the expected
overall efficiency of IL-10 treatment from the two routes of
dosing. The ABEC/AUC ratio clearly reflects the prolonged
effect during SC dosing which is partly accountable by the fact
that IV dosing “wastes” part of the drug since concentrations
greatly exceeded the ICs, and attain I,,, and by the low but
sustained and effective serum IL-10 concentrations with SC
dosing. An extended but effective drug concentration range
attains greater efficacy for eliciting any type of pharmacological
effect which is easily saturable (25).

There was marked interindividual variability in leukocyte
responses to IL-10 treatment. Figure 6 shows the ABEC/
AUC ratios for different subjects. Though most of the subjects
responded well to IL-10, caution is needed during actual therapy
due to inter-individual differences in such responses.

The present studies employed ex vivo whole blood
responses as a measure of the inherent potency of IL-10, to
assess the intersubject variability in cell responsiveness, and as
a means of determining whether the response parameters differ
with route of 1L-10 administration. The in vivo pharmacody-
namics and ultimately patient responses may differ because of
the type of inflammatory challenge (e.g., rheumatoid arthritis),
multiple mechanism of drug effects, any disease modifications
of leukocyte numbers and reactivity, previous and concomitant
drug therapy (e.g., steroids, NSAID), disposition of provoked
cytokines, and the time-course of drug concentrations (viz.
pharmacokinetically controlled rather than static for 24 hours).
All of these same considerations apply when comparing in
vitro leukocyte responses versus in vivo effects of traditional
immunosuppressive agents, yet the former have direct value in
anticipating therapeutic efficacy (26). The present results pro-
vide useful insights into the potential therapeutic use of IV
versus SC doses of IL-10, The compound exhibits considerable
potency in a standard in vitro model and, as an inhibitor of



Pharmacokinetics and Leukocyte Responses of Recombinant Human Interleukin-10

proinflammatory cytokine production, pharmacodynamic prin-
ciples for indirect responses argue that improved efficiency will
be obtained by maintaining IL-10 concentrations above the ICs
for an extended period of time (25).

In summary, SC and IV administration of single doses of 25
wg rHulL-10/kg was well tolerated in healthy male volunteers.
rHulL-10 demonstrated potent immunosuppression of ex vivo
LPS-stimulated cytokine production by whole blood in healthy
volunteers. The favorable PK demonstrated by moderate bio-
availability and extended release following SC administration
ensures prolonged effect. The proposed model may help in
understanding the pharmacokinetics of IL-10 or other similar
macromolecules.
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