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Background. Blocking the CD40-CD154 signal pathway has previously shown promise as a strategy to prevent al-
lograft rejection. In this study, the efficacy of a novel fully human anti-CD40 monoclonal antibodyVASKP1240,
administered as a monotherapy or combination therapy (subtherapeutic dose of tacrolimus or mycophenolate
mofetil), on the prevention of renal allograft rejection was evaluated in Cynomolgus monkeys.
Methods. Heterotopic kidney transplants were performed in ABO-compatible, stimulation index 2.5 or higher in the
two-way mixed lymphocyte reaction monkey pairs. Animals were divided into 12 groups and observed for a maximum
of 180 days. Histopathologic, hematology, and biochemistry analyses were conducted in all groups. Cytokine release
(interleukin [IL]-2, IL-4, IL-5, IL-6, tumor necrosis factor, and interferon-F) was investigated in several groups.
Results. ASKP1240 prolonged renal allograft survival in a dose-dependentmanner inmonotherapy. Low-dose (2mg/kg)
or high-dose (5 mg/kg) ASKP1240, in combination with mycophenolate mofetil (15 mg/kg) or tacrolimus (1 mg/kg),
showed a significantly longer allograft survival time compared with monotherapy groups. No obvious side effects
including drug-related thromboembolic complications were found. Cytokine release was not induced by
ASKP1240 administration.
Conclusion. The present study indicates that ASKP1240, alone or in combination with other immunosuppressive
drugs, could be a promising antirejection agent in organ transplantation.
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Costimulatory signals play crucial roles in fully activat-
ing T cells that are involved in allograft rejection (1Y3).

The CD40-CD154 costimulatory pathway has previously
been shown to be an important interaction that mediates
both the humoral and cellular immune responses (4Y7). It
has been demonstrated that blocking CD40-CD154 signaling

pathway is a successful strategy to reduce allograft rejection
(8Y10). CD154 was initially chosen as primary therapeutic
target, but further studies encountered setbacks because of
the unexpected thromboembolic complications associated
with the administration of anti-CD154 antibodies (11Y14).
Targeting CD40 as an alternate therapeutic strategy was de-
veloped when it was recognized that these thrombotic com-
plications were CD40-independent (15, 16). To date, several
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anti-CD40 antibodies that are engineered as immunoglobulin
G (IgG)1 or IgG4 chimeric isotypes or fully human IgG4
have been shown to prevent allograft rejection in experimental
studies (17Y21).

ASKP1240 is an anti-CD40 monoclonal antibody
(mAb) consisting of fully human IgG4. It interrupts the
CD40-CD154 pathway by preventing the interaction between
CD40 and CD154. In addition, ASKP1240 does not cause
antibody-dependent cell-mediated cytotoxicity or comple-
ment dependent cytotoxicity (19, 22). ASKP1240 mono-
therapy has been demonstrated to delay renal, islet, and
hepatic allograft rejection in nonhuman primate (NHP)
models (19, 23Y25).

This study evaluated the effects of ASKP1240 when
administered as a monotherapy or in combination with a
subtherapeutic dose of tacrolimus or mycophenolate mofetil
(MMF) on renal allograft survival in NHPs. We also assessed
the pharmacokinetic (PK) profile of ASKP1240 and its effect
on cytokine release in transplanted monkeys. We found that
ASKP1240 significantly prolonged allograft survival as a mono-
therapy or in combination with tacrolimus or MMF without
causing obvious side effects.

RESULTS

Renal Allograft Survival
Renal allograft survival day was recorded according to

the following definitions: (1) The final day that the serum
creatinine (sCr) level did not exceed a value of 10 mg/dL. (2)
The day when significant asthenia had been observed. (3)
The day before the finding of death. (4) Animal that sur-
vived to the end of study was described as longer than
180 days. As shown in Table 1, the median survival time
(MST) of groups 1 to 12 was 7, 10, 52, 100.5, 53, 57, 29, 121,
longer than 180, 28.5, longer than 180, and longer than
180 days, respectively. Compared with group 1, MST was
significantly prolonged in groups 3 to 12 (P=0.005, 0.012,
0.005, 0.001, 0.002, 0.005, 0.005, 0.002, 0.001, 0.001, respec-
tively). ASKP1240 combined with MMF showed longer MST
than that of MMF monotherapy (groups 8 and 9 vs. group 7;
P=0.001 and 0.017, respectively) (Fig. 1E and F). ASKP1240
combined with a low dose of tacrolimus (0.5 mg/kg) did not
show a prolongation in the MST compared with ASKP1240
monotherapy (Fig. 1A and B). However, ASKP1240, in low
dose or high dose, combined with a subtherapeutic dose of
tacrolimus (1.0 mg/kg), showed significantly longer MST com-
pared with tacrolimus monotherapy groups (groups 11 and 12
vs. group 10; P=0.006 and 0.025, respectively) or the ASKP1240
monotherapy group (group 11 vs. group 3; P=0.011; group 12
vs. group 4; P=0.329) (Fig. 1C and D). In all 12 groups, 19
animals survived to the end of the study. Except for one ani-
mal in the tacrolimus 1.0 mg/kg monotherapy group, the
remaining animals were treated with low dose or high dose
of ASKP1240 as a monotherapy or in combination with
tacrolimus or MMF.

Renal Graft Function
In general, when acute allograft rejection occurred, the

sCr and blood urea nitrogen levels of recipient monkeys were
rapidly elevated. The renal function parameters were relatively
stable in long-term survival monkeys (Fig. 2A and B). T
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FIGURE 1. Renal allograft survival in each group. For comparison, each ASKP1240 combination therapy group and the
relevant control groupswere replicated in panels A to F. The curves represent renal graft survival in naive control (gray solid line),
tacrolimus orMMF monotherapy (black dot dash line), ASKP1240 monotherapy (gray dotted line), and combination therapy
(black dashed line) group. (Tac 0.5=tacrolimus 0.5 mg/kg, Tac 1.0=tacrolimus 1.0 mg/kg, ASKP 2.0=ASKP1240 2.0 mg/kg,
ASKP 5.0=ASKP1240 5.0 mg/kg, MMF=15 mg/kg; *PG0.05 ASKP1240 combination group vs. Tacrolimus or MMF mono-
therapy group, **PG0.01 ASKP1240 combination group versus tacrolimus or MMF monotherapy group, #PG0.05 ASKP1240
combination group vs. ASKP1240 monotherapy group). 127�152 mm (600�600 DPI). MMF, mycophenolate mofetil.
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Biochemistry
Serum liver enzymes, creatinine kinase, electrolyte

levels, and all other biochemical parameters were unaffected
by the administration of ASKP1240 (Table S1YS8, SDC,
http://links.lww.com/TP/B4).

Hematologic Determinations
The red blood cell, hemoglobin, and hematocrit de-

creased on week 1 in groups 1, 11, and 12. These parameters
were stable in other groups. This phenomenon can be ex-
plained based on the blood loss that may occur during the
transplantation surgery. There were no consistent changes in
white blood cell or platelets counts. The number of CD3+

T cells or CD20+ B cells in peripheral blood mononuclear
cells fluctuated during the study period in all groups. However,

no clear relationship between CD3+ and CD20+ cell counts
and the administration of ASKP1240 was observed.

Body Weight and Clinic Symptoms
Most of the recipient monkey weights remained stable dur-

ing the study. After recovery from surgery, all recipient monkeys
were active with good appetite. However, when acute rejection oc-
curred, animal became lethargic, lost appetite and weight, and de-
veloped oliguria which was accompanied by an increase of sCr.

PK Evaluation

Serum ASKP1240 Concentrations

The ASKP1240 concentration-time data are depicted
in Figure 3(A). In general, serum concentrations of ASKP1240
increased in a dose-dependent manner. The highest mean

FIGURE 2. Renal graft function. A, Mean (TSD) serum creatinine level in each group. The elevation of sCr level was consis-
tent with the occurrence of acute allograft rejection. B, Mean (TSD) BUN level in all groups. Changes of mean BUN levels
were similar to sCr. 93�89 mm (600�600 DPI). BUN, blood urea nitrogen, SD, standard deviation; sCr, serum creatinine.

* 2014 Lippincott Williams & Wilkins Song et al. 271
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values of ASKP1240 trough level in most group appeared on
day 14. Thereafter, these values decreased to relative lower
levels that were consistent with dose reduction inmaintenance
phase. From day 56, serum ASKP1240 trough level in most
animals dropped to a low level. That was different with what
was observed in normal monkeys in another study (26).

Blood Concentration of Tacrolimus

The profiles of mean blood trough level of tacrolimus are
illustrated in Figure 3(B). The blood trough level of tacrolimus

ranged from 0.31 to 85.47 ng/mL. Blood tacrolimus trough
level increased in a dose-related manner.

Plasma Concentration of Mycophenolic Acid

The mean plasma trough levels of mycophenolic acid
(MPA) are shown in Figure 3(C). Mycophenolic acid was
detected in all submitted samples with the minimum value
0.126 Kg/mL and the maximum value 10.3 Kg/mL from day
7 to day 168. The range of mean trough level of MPA in each
groupwas 1.45 to 3.70Kg/mL for group 7, 0.437 to 3.22Kg/mL
for group 8, and 0.411 to 1.47 Kg/mL for group 9.

FIGURE 3. Pharmacokinetic evaluation. A, The mean (TSD) serum trough levels of ASKP1240 in groups 3 to 6, 8, and 9, as
well as mean (TSD) serum concentration transitions of ASKP1240 in groups 11 and 12. Serum concentrations of ASKP1240
increased in a dose-dependent manner and decreased to relative lower levels 2 weeks after drug administration in main-
tenance phases. (56BA=before ASKP1240 administration on day 56, 56AA=1 hr after ASKP1240 administration on day 56, day
59=3 days after ASKP1240 administration, day 63=7 days after ASKP1240 administration). B, The mean (TSD) whole blood
tacrolimus trough levels increased in a dose-related manner. C, Mean (TSD) plasma trough levels of mycophenolic acid. In
general, in the induction phrase, plasma trough levels of mycophenolic acid revealed relatively higher level that was as-
sociated with the frequency of MMF administration. The plasma trough levels of mycophenolic acid were stable in main-
tenance phases. Tac 0.5, tacrolimus 0.5 mg/kg; Tac 1.0, tacrolimus 1.0 mg/kg; ASKP 2.0, ASKP1240 2.0 mg/kg; ASKP 5.0,
ASKP1240 5.0 mg/kg; MMF, mycophenolate mofetil 15 mg/kg; SD, standard deviation. 118�157 mm (600�600 DPI).
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Anti-ASKP1240 Antibody Assay
Anti-ASKP1240 antibodies in serum were detected in

15 of 48 animals during the maintenance treatment period
(Table 1). They were mainly found in ASKP1240 2 mg/kg
monotherapy or combination therapy groups (14/23), and only
one was found in ASKP1240 5 mg/kg treated groups (1/25).

Cytokine Assay
Serum interleukin (IL)-2, IL-4, IL-5, IL-6, tumor ne-

crosis factor (TNF), and interferon-gamma (IFN-F) were
measured in groups 10, 11 and 12. Interleukin-2, IL-4, IL-5,
TNF, and IFN-F were not detected in any animals from day
0 to day 168. Interleukin-6 was found in three samples (one
of each group) on day 0 before surgery and dosing. Appar-
ent elevated levels of IL-6 were detected in all day 0 (after
surgery and dosing) samples and most day 1 (before and
after dosing) samples. From day 3 to day 168, IL-6 was
sporadically detected in some animals. No clear difference
was noted between the ASKP1240 and tacrolimus combi-
nation groups and the tacrolimus mono group. It was con-
cluded that changes of serum IL-6 level were not related
to the ASKP1240 administration under the condition of
this study.

Histopathology
The details of histologic features of transplanted

kidneys were summarized in Table 1. The percentage pro-
portions of histologic types in each group are depicted in
Figure 4. Acute rejections were found in all renal grafts of
group 1 and group 2. The incidence of acute renal rejection,
in ASKP1240 monotherapy groups, dropped to three of five
in group 3 (ASKP1240, 2 mg/kg) and one of six in group 4
(ASKP1240, 5 mg/kg). ASKP1240 combined with tacrolimus
0.5 mg/kg (groups 5 and 6) did not show benefits in reducing
acute allograft rejection comparedwith ASKP1240monotherapy

groups. When ASKP1240 combined with tacrolimus 1 mg/kg
(groups 11 and 12) or MMF plus steroids (groups 8 and 9), no
acute rejections were found in these groups. Varying degrees of
chronic allograft nephropathy were the common pathologic
changes observed in long-term survival animals, except for one
animal in group 6 which displayed no rejection. The histopath-
ologic results of the 19 animals that survived to the end of the
study were the following: no rejection=1 (5.3%); nonspecific
changes=6 (31.6%); grade I chronic nephropathy=8 (42.1%);
grade II chronic nephropathy=3 (15.8%); and grade III chronic
nephropathy=1 (5.3%).

Renal artery thrombosis, a common technical com-
plication in the kidney transplantation model (27), was found
in some animals. The incidence of renal artery thrombosis
between ASKP1240-treated (5.00%) and non-ASKP1240Ytreated
(4.35%) groups was not significantly different (P=1.000; cases
with technical complications were excluded from the analysis
of survival and other parameters). No thromboembolism was
found in other organs including the brain, lung, heart, liver,
pancreas, and spleen in all animals at the time of necropsy and
at the histologic assessments in obtained tissue specimens.

Hepatic abscess was developed in one monkey in group
9, and lymphoma was observed in another monkey in group
12 in kidney, mesentery, mediastinum, left lung, and heart.

DISCUSSION
Since the introduction of cyclosporine A into clini-

cal practice in the early 1980s, calcineurin inhibitors (CNIs)
have dramatically improved short-term outcomes of renal
transplantation. However, the extensive adverse effects of CNIs
including nephrotoxicity, neurotoxicity, posttransplantation
diabetes, hypertension, and hyperlipidemia impact the long-
term success rates of renal transplants. It has been known that

FIGURE 4. Proportions of histologic types in each group. Acute rejection (red and pink bars) was the only histologic type in
Naive and Tac 0.5 groups, and was also the primary histologic type in ASKP 2.0, ASKP 2.0+Tac 0.5, ASKP 5.0+Tac 0.5, and MMF
groups. Varying degree of chronic allograft nephropathy (bars with baby blue, cobalt blue or navy blue) constituted the main
parts of pathologic findings in the remaining groups. NR, no rejection; NC, nonspecific changes; BC, borderline changes; AR,
acute rejection; CAN, chronic allograft nephropathy; Tac 0.5, tacrolimus 0.5 mg/kg; Tac 1.0, tacrolimus 1.0 mg/kg; ASKP 2.0,
ASKP1240 2.0 mg/kg; ASKP 5.0, ASKP1240 5.0 mg/kg; MMF, mycophenolate mofetil 15 mg/kg. 117�75 mm (300�300 DPI).
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most toxicities of CNIs are dose dependent. To minimize the
side effects associated with CNI exposure, strategies applied
in the clinic include CNI reduction, avoidance, and withdrawal
(28, 29). In the Cynomolgus monkey kidney transplant model,
tacrolimus 2 mg/kg was the therapeutic dose, whereas 1 mg/kg
was considered to be a subtherapeutic dose (30). We show the
notable additive effects when ASKP1240 in high dose (5mg/kg)
or in low dose (2 mg/kg) combines with subtherapeutic dose
of tacrolimus. Median survival time s of renal allograft were
also significantly prolonged in groups of ASKP1240 in combi-
nation with MMF and steroid. This implies that ASKP1240
can work in both CNI sparing and avoiding regimens. Pre-
vious report indicates the effect of anti-CD154 mAb can be
abrogated when it is paired with CNIs (31). Our results dem-
onstrate that it is not the same case with ASKP1240. Further
studies to explore the effects of these regimens on immune
components at the cellular and molecular level will be helpful
to elucidate the exact mechanisms.

Histopathologic results of this study revealed that
ASKP1240 monotherapy could successfully inhibit acute
renal allograft rejection in a dose-dependent manner. When
ASKP1240 combined with MMF or a subtherapeutic dose of
tacrolimus, acute allograft rejections were abolished. Previ-
ous studies have shown that high-dose ASKP1240 can sup-
press the generation of donor-specific antibodies (23, 25)
which are strongly associated with chronic allograft rejec-
tion (32). The effect of ASKP1240 on inhibiting acute re-
jection has been verified by this and other studies. To clarify
the role of ASKP1240 in chronic allograft nephropathy will
be an attractive topic for future.

It is notable that during maintenance phase, with
2 weeks dosing interval, serum concentration of ASKP1240
in most animals decreased to a low level. Correspondingly,
ASKP1240 trough levels in normal monkeys, especially in
the high-dose group, were apparently high. It also found that
ASKP1240 half-life of the high-dose group during mainte-
nance phase was markedly shorter than that of normal mon-
keys (26). These results imply that transplanted monkey
may possess a different ASKP1240 metabolic profile com-
pared with that of a normal monkey. One of the possibili-
ties of these differences is caused by CD40 overexpression in
transplanted monkey (26). These factors should be taken into
consideration during designing optimal dosing regimens.

Previous studies showed that interference with the
CD40-CD154 pathway by the administration of anti-CD154
mAbs was associated with thromboembolic events. The
possible correlation between anti-CD40 mAbs and throm-
boembolism has been of concern although it is generally
believed that these adverse effects are only associated with
anti-CD154 mAbs (16, 33). To date, there have been no
preclinical reports indicating that ASKP1240 or any other
anti-CD40 mAbs are involved in the thromboembolic
complications. In this study, except for renal artery throm-
boses which are common surgical complications and did
not correlate to ASKP1240 treatment, there have been no
thromboembolic findings in other organs.

We also measured serum IL-2, IL-4, IL-5, IL-6, TNF,
and IFN-F level in renal transplanted monkeys. The results
indicate that ASKP1240 does not induced cytokine release.
Anti-ASKP1240 antibodies were detected in some animals
(mainly in low-dose groups). The partial reason for the

production of these antibodies is because ASKP1240 is a
human antibody and a foreign protein for monkey. On the
other hand, anti-ASKP1240 antibody is rarely found in
high-dose group. One of possible explanation is that higher-
dose ASKP1240 may suppress antibody production.

ASKP1240 was shown to be a potent immunosuppres-
sive agent in this NHP kidney transplantation model. Treat-
ment of these animals for up to 180 days was not associated
with a deterioration in the general clinical observational signs
(activity or appetite) nor was it associated with weight loss.
A recent phase I clinical trial supports and extends these ani-
mal findings by demonstrating that ASKP1240 is well tolerated
in healthy subjects and is not associated with drug-induced
cytokine release or with thromboembolic events (34).

In conclusion, ASKP1240, a fully human anti-CD40
mAb, prolongs renal allograft survival in a dose-dependent
manner when administered as a monotherapy to renal al-
lograft transplanted Cynomolgus monkeys. ASKP1240, when
combined with subtherapeutic dose tacrolimus or MMF
plus steroid shows the additive effect on prolonging renal
graft survival compared with monotherapy. ASKP1240 seems
to be a promising anti-rejection agent in solid organ trans-
plantation. The present results provide concrete support for
further clinical studies.

MATERIALS AND METHODS

Animals
Sixty-nine bred male Cynomolgus monkeys, with body weights ranging

from 3.1 to 6.0 kg, hepatitis B virus-free, hepatitis C virus-free, simian

immunodeficiency virus-free, and Herpes B virus-free, were obtained from

laboratory animals center of the Academy of Military Medical Sciences,

Beijing, China. All experimental procedures were approved by the Ethical

Committee for Animal Experimentation at laboratory animals center of the

Academy of Military Medical Sciences and were performed in accordance with

the standards described in the Guide for the Care and Use of Laboratory

Animals, National Institutes of Health Office of Animal Care and Use. Each

animal was identified by number and randomly assigned to a dose group. All

animals were screened for general health and quarantined for two weeks before

study entry. They were housed in individual cages and were allowed free access

to water, fruits, and monkey chow.

Life Supporting Kidney Transplantation
Renal transplantation was performed in ABO compatible, stimulation

index of 2.5 or higher in the two-way mixed lymphocyte reaction monkey

pairs. Each animal in this study acted as both donor and recipient. Left renal

transplantations were performed as previously described (27, 35, 36).

Briefly, all donor and recipient monkeys were anesthetized by intramuscular

injection of ketamine and xylazine. The left kidneys were exchanged in

paired monkeys by transplanting into the upper part of abdomen with end-

to-side anastomoses of renal artery to aorta and renal vein to vena cava, and

with end-to-end anastomosis of donor and recipient ureters. The right

native kidney was removed after the transplanted kidney was reperfused.

Experimental Group and Treatment
Animals were divided into twelve groups as shown in Table 1, that is,

naive control, tacrolimus monotherapy, ASKP1240 monotherapy, MMF

monotherapy, ASKP1240 and tacrolimus combination, ASKP1240 and

MMF combination. ASKP1240 (2 mg/kg or 5 mg/kg) was given intrave-

nously on days 0 (before and after surgery), 3, 7, 11, 14, and then from day 28

to day 168 half dose (1 mg/kg or 2.5 mg/kg) biweekly. Tacrolimus (0.5 mg/kg

or 1.0 mg/kg, nontherapeutic dose) (30) was orally administered immediately

after kidney transplantation, then once daily, until day 179. Mycophenolate

mofetil (15 mg/kg) was given subcutaneously twice daily from day 0 to day 14,
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and then once daily until day 179. Methylprednisolone (steroid) was admin-

istered subcutaneously once per day in a tapering manner. Recipients were

observed for maximum of 180 days.

Biochemical and Hematologic Determinations
Serum creatinine was monitored at least twice per week for the first

2 postoperative months then weekly. Blood urea nitrogen, total protein, albu-

min, alkaline phosphatase, alanine aminotransferase, aspartate aminotransferase,

total bilirubin, creatinine kinase, and electrolyte levels (K+, Na+, Clj) were

measured using the auto analyzer.

Hematologic parameters including red blood cell, white blood cell, he-

moglobin, hematocrit, platelets, and lymphocyte phenotypes (CD3, CD20)

were examined in peripheral blood mononuclear cells using the automated

hematology analyzer.

PK Evaluation
Serum ASKP1240 trough levels were measured using enzyme-linked im-

munosorbent assay as described previously (26) in groups 3 to 6, 8, and 9

on days 0, 7, 14, 28, 56, 84, 112, 140, and 168. The whole blood trough levels

of tacrolimus in groups 2, 5, 6, 10 to 12 and plasma trough levels of MPA in

groups 7 to 9 were determined using a validated LC-Tandem Mass Spec-

trometry (API 5000 LC/MS/MS System) assay on days 0, 7, 14, 28, 56, 84, 112,

140, and 168. In groups 11 and 12, the serum concentration transition of

ASKP1240 was monitored on days 0, 7, 14, 28, 42, 56 (before and 1 hr after

administration), 59, 63, 84, 112, 140, and 168.

Immunologic Assays

Anti-ASKP1240 Antibody

Monkey anti-ASKP1240 antibodies were detected using an enzyme-linked

immunosorbent assay screening assay and further confirmed using immu-

nodepletion assays at Shin Nippon Biomedical Laboratories (26).

Cytokine Assay

The serum concentrations of IL-2, IL-4, IL-5, IL-6, TNF, and IFN-F were

analyzed with cytometoric beads array NHP Th1/Th2 Cytokine Kit (BD Bio-

sciences, San Jose, CA) using flow cytometer (FACSCalibur, BD Biosciences).

Histopathologic Determinations
All recipient monkeys were subjected to complete gross necropsies. Routine

hematoxylin-eosin staining were performed on all paraffin-embedded samples

sections including graft kidney, liver, pancreas, spleen, heart, lung, stomach,

jejunum, thoracic aorta, and mesentery lymph nodes. Graft kidney tissues

were stained with Masson’s Trichrome and Periodic acid Schiff as well. The

Banff ’97 classification of kidney pathology was used for scoring the presence

and degree of renal rejection (37).

Statistical Analysis
All results of body weight, biochemistry analyses, and drug concentra-

tions were presented as meanTstandard deviation. The statistical differences

among groups were analyzed using one-way analysis of variance. Survival

of renal allograft was presented as MST, with comparisons among groups

performed by log rank test. A P value less than 0.05 was considered statis-

tically significant.
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