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Table 1 Patients’ characteristics
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Patient ID Age/Sex Stage Meta site MSKCC Histology Grade Prior treatment
1802 72/F pT3aN2M1 Lung, LN Poor Clear cell 2>3 Sunitinib

1803 72/M pT3bNOM1 Liver, lung, bone Poor Clear cell 3>2 IFN-a, radiation
1806 72/F pT4NTMI Lung, LN Intermediate Clear cell 3 no

1808 75/M pT3aN2M1 Lung, LN, bone Intermediate Unclassified 3 no

1812 61/M pTT1bN1M1 LN Intermediate Clear cell 2>1>>3 no

1814 55/M pT3aNOM1 Lung Intermediate Clear cell 2 no

1817 64/F pT3bN1M1 Lung, LN, bone Intermediate Clear cell 3>2 no

1823 57/M pPTINOM1 Lung, pleura Intermediate Clear cell 2>3 no

MSKCC, Memorial Sloan Kettering Cancer Center risk criteria; LN, lymph node.

after sunitinib treatment) (p =023, Wilcoxon signed-rank
test). For Tregs, the percentages of CD25"Foxp3" cells
within the Dye450"CD3"CD4" population (Additional file 3)
were found to be decreased relative to the baseline in
patients #1802, #1803 and #1814, but not in patients
#1806, #1808, #1812, #1817 and #1823 (Figure 2B).
However, there was no statistical difference (p =0.273,
Wilcoxon signed-rank test).

DTH reactions and tumor-reactive T cell responses

DTH testing was performed in all 8 patients to detect
tumor lysate-reactive responses. Three patients (#1802,
#1814 and #1823) had positive DTH reactions (Table 4).
Tumor lysate-reactive CD4" and CD8" T cell responses
in all patients were further investigated in vitro using
the IFN-y secretion assay at different time points after
vaccination. Data from an individual patient #1802 are
shown in Additional file 3. Before vaccination, the per-
centage of CD8" IFN-y" T cells after simulation with
EP-DCs or unloaded DCs was essentially identical
(1.6%-vs-1.4%, respectively). However, after vaccination,
a higher percentage of CD8" IFN-y" T cells was ob-
served on stimulation with EP-DCs (2.9%) than with
unloaded DCs (1.5%). Similarly, a higher percentage of
CD4* IFN-y"* T cells was observed on stimulation with
EP-DCs (4.5%) than with unloaded DCs (3.0%). These T
cell responses fluctuated during the course of treatment
and no statistically significant difference in the increase

Table 2 Quality and quantity of tumor lysate-loaded DCs

of IFN-y"* T cells after vaccination was detected. Figure 2C
shows the percentage of tumor lysate-reactive IFN-y"* cells
(both CD4* as well as CD8" T cells) for all 8 patients.
When the percentages at any point after vaccination are
elevated 3-fold higher than those at the baseline (mean
value of the percentages at days 0 and 14), the tumor-
reactive T cell responses are considered to be positive. By
this criteria, the induction of tumor lysate-reactive CD4"
T cell responses were detected in patients #1802, #1803,
#1814 and #1823; patients #1802, #1812, #1814 and #1823
had tumor-reactive CD8" T cell responses (Table 4). The
T cell responses were detected even at the time of registra-
tion in Patients #1808 and 1812.

Concentration of IL-8 in the sera

To search for biomarkers predicting responsiveness to
combination therapy with sunitinib and DC-based im-
munotherapy, we analyzed concentrations of IFN-y, IL-
18, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-12 p70, TNF-a,
and TNF-f in sera from the 8 patients before and dur-
ing treatment. With the exception of IL-8, which was
present at different levels in all patients, serum cyto-
kines were barely detectable. Patients #1806, #1808,
#1817 and #1823 had greatly elevated levels of >60 pg/
ml IL-8 during treatment (Figure 2D and Table 4),
whereas patients #1802, #1803, #1812, and #1814 had
basal levels <60 pg/ml.

Patient ID Tumor lysate used for EP (mg) DCs used for EP (x1 0’)

Tumor lysate (mg)/ 10” DCs  Number of DCs injected  Viability (%)

1802 15 295
1803 15 183
1806 20 17.1
1808 7 16.0
1812 20 201
1814 20 215
1817 20 200
1823 20 150

051 1x107 82.9
082 X107 82.1
117 1x107 928
044 1x107 836
1.00 1x107 89.0
093 1x107 917
1.00 %107 87.5
133 05 x107 924

EP, electroporation.
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Figure 1 Surface phenotype of DCs; specific mAb staining (red) and isotype control mAb staining (blue).
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Clinical responses

The follow-up period ranged from 100 to 1140 days
(Table 4). Except for one patient who died of a brain
hemorrhage due to hypertension, patients remained alive
during the trial with a median overall survival (OS) of
346 days and median progression-free survival (PES) of
164 days. One patient achieved a complete response (CR),
another patient had a partial response (PR), 3 had stable
disease (SD) and 2 had progressive disease (PD) according
to the RECIST criteria (Table 4). Patient #1814 who
achieved the CR was one of three patients who had devel-
oped DTH, as well as CD4"* and CD8" T cell responses. In
this patient, the percentages of both MDSCs and Tregs
decreased during treatment. In the CT scan, the size of
the mass in the left lung decreased from 17.9 mm to
8.2 mm in diameter after 6 immunizations and had disap-
peared after 10 (Additional file 4). The other patient who
had a DTH reaction, #1802, also had CD4* and CD8* T
cell responses, as well as decreased MDSCs and Tregs,
and low IL-8. She manifested SD in spite of multiple
tumor metastases in the lung (Additional file 4). Her qual-
ity of life was markedly improved by a reduction of the
pleural effusion (Additional file 4). As shown in Additional
file 4, the tumor volume was decreased and pleural effu-
sion was reduced in patient #1823, who develop also

Table 3 The surface phenotype of DCs

positive DTH, CD4" and CD8" T cell responses (Table 4).
Patient #1812 was defined as PD when target lesion,
supraclavicular lymph node metastasis, was enlarged by
30.3% in size. Therefore, he received surgery to resect the
metastatic lymph node and no recurrence was observed
with no further treatment.

Safety

The most common adverse events were hand-foot syn-
drome, stomatitis, peripheral edema and other skin dis-
orders (Table 5). Sunitinib-related severe adverse events
were hypertension and hematological and laboratory ab-
normalities. They were managed with interruption of su-
nitinib and were reversible in most cases, except for a
fatal hypertensive intracranial hemorrhage in patient
#1806 who had no brain metastasis. No severe adverse
events related to DC therapy were observed.

Discussion

Here we report a clinical trial of DC-based immunotherapy
combined with sunitinib in mRCC patients. We evaluated
the safety and feasibility of this approach. In the course of
treatment, one patient developed cerebral hemorrhage due
to hypertension. However, no severe vaccination-related
toxicity or autoimmunity was observed in any of the 8

Patient ID % Expression
CD14 CDla HLA-ABC HLA-DR CCR7 CD40 CD8o D83 CD86

1802 78 51.6 98.7 99.7 106 99.9 96.4 60.1 96.3
1803 14 79.6 99.2 99.9 387 994 99.1 94.1 99.5
1806 15 363 99.8 99.8 491 999 98.5 90.8 99
1808 52 533 98.8 99.5 43.1 994 96.7 756 98.7
1812 0.6 83 99.9 99.7 103 99.8 99.2 874 979
1814 0.6 66.5 994 994 583 99.6 98.7 91.5 99.2
1817 14 347 99.7 98.3 503 99.8 96.7 618 98
1823 08 504 99.7 996 305 99.7 99.3 954 99.3
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Figure 2 Immunomonitoring. A. Percentages of MDSCs by two criteria. B. Percentages of Tregs. C. Changes of tumor-reactive IFN-y" cells (% of
CD4" or CD8" T cells). Assay was performed as described in Methods section. D. The concentration of IL-8 in sera measured by a
cytofluorometry-based ELISA system at different time points during treatment of the 8 patients.

patients treated. Sunitinib decreased the frequencies of per-
ipheral blood MDSCs and/or Tregs. Vaccination with
tumor lysate-loaded DCs induced tumor-reactive CD4"
and/or CD8" T cell responses. The treatment showed some
clinical benefits in patients possibly linked to successful
control of immunosuppressive cells and induction of T cell
responses. This was particularly notable in patient #1814
where lung metastases disappeared. However, there is a
possibility that these clinical responses are solely due to su-
nitinib rather than vaccine-induced immune response,
since the DC was given concurrently with sunitinib which
is an active drug for the treatment of RCC.

Consistent with previous reports [27,29], we observed re-
duced percentages of MDSCs during sunitinib treatment,
but only in 5 of 8 patients (Figure 2A and Table 4). Of these
5, 4 developed increased tumor-reactive T cell responses.
However, the very low number of patients included in this

study and the fluctuations in magnitude of T cell responses
during the course of treatment make it difficult to conclude
the relationship between MDSC and T cell responses. Re-
garding mechanisms underlying the modulation of MDSCs
by sunitinib, it has been shown that this agent inhibits
STAT3 signaling. This induces apoptosis in murine
MDSCs, where STAT3 is a critical factor responsible for
their expansion [31,32]. On the other hand, GM-CSF accu-
mulating in the tumor expands MDSCs to promote
sunitinib-resistance due to preferential STAT5 activation,
which cannot be suppressed by sunitinib [33]. Thus, to
understand the different sensitivity of MDSCs to sunitinib
in different mRCC patients, the STAT3 or STATS5 activa-
tion status in the MDSCs and expression of cytokines such
as GM-CSF in the tumor would need to be investigated.

A decreased percentage of Tregs after sunitinib treat-
ment was also observed, although only in 3 of the 8
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Table 4 Immune responses and clinical outcomes in 8 patients

ID  No.DC DTH CD4Tcell CD8Tcell MDSCs* Tregs* IL- Change in Target Clinical PFSS(d) 0SS(d) Prognosis
injection response  response 8" Lesions (%) Response®
1802 6 + + + decreased decreased low -254 SD 173 339 Dead
1803 6 - + - decreased decreased low 0 SD 200 353 Dead
1806 6 - - - decreased no high -184 NAS 100 100 Dead
change
1808 6 - - - no increased  high —54 SD 155 193 Dead
change
1812 6 - - + no no low 303 D" 101 11401 Alive
change  change
1814 12 + + + decreased decreased low —100 CR 347 127 Alive
1817 6 - - - no increased high —27.8 PD” 88 206 Dead
change
1823 12 + + + decreased no high —353 PR 342! 3421 Alive
change

PFS, progression free survival; OS, overall survival; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.

*Compared to the baseline.

THigh or low is defined as more or less than 60 pg/ml in sera.

*4wks after last injection.

SFrom the registration (days).

Twithdrawn from the study by sudden hypertensive cerebral hemorrhage.
lIA censored case due to the termination of the study.

#After surgical removal of target lesion (LN metastasis), no recurrence was observed.
. X ) ! X
Though target lesion became smaller, accumulation of pleural effusion was increased.

patients (Figure 2B and Table 4). The mechanism under-
lying regulation of Tregs by sunitinib remains unclear. It
has been proposed that the reduction of Tregs by suniti-
nib may be an indirect effect of the downregulation of
MDSCs and/or increases in IFN-y production [27]. In our
case, reduced frequencies of Tregs were observed in 3 of
the 5 patients who did show reduced MDSCs. No reduc-
tion of Tregs was seen in a further 3 of 3 patients in whom
there was no reduction of MDSCs. Nevertheless, the num-
ber of patients was too small to lead to any conclusion.

To identify biomarkers for predicting outcome of com-
bination sunitinib and DC-based immunotherapy, we
tested a wide range of cytokines (IFN-y, IL-18, IL-2, IL-
4, IL-5, IL-6, IL-8, IL-10, IL-12 p70, TNF-«, and TNF-5)
in sera from patients before and during treatment. We
found IL-8 in all patients, with 4 having highly elevated
levels (>60 pg/ml) during treatment. IL-8 is a member of
the CXC family of chemokines and is a potent proangio-
genic factor [34]. Renal cell carcinoma has been shown
to produce IL-8, and IL-8 expression is known to cause
mRCC resistance to sunitinib [35,36]. IL-8 angiogenic
signaling is thought to functionally compensate for
the inhibition of VEGF/VEGFR-mediated angiogenesis.
Further, the secretion of IL-8 from cancer cells may have
a variety of effects on the tumor microenvironment, be-
cause the IL-8 receptors CXCR1 and CXCR2 are
expressed on cancer cells, endothelial cells, neutrophils
and tumor-associated macrophages. It has been shown
that production of IL-8 by tumors induces Treg migra-
tion into tumors [36]. IL-8 produced by tumor cells may

also recruit MDSCs into tumor sites. Therefore, high IL-
8 expression may contribute to shaping the immunosup-
pressive environment in the tumor and inhibiting
tumor-reactive T cell responses. In this study, no reduc-
tion of IL-8 was achieved by sunitinib (Figure 2D).
Therefore, targeting IL-8 signaling may be required for
improving this cancer vaccine.

Cancer immunotherapy based on the regulation of im-
munosuppressive cells, soluble factors, and signaling
pathways are now considered essential element of the
treatment of cancer [37]. Similar effects are also achieved
by molecular targeted therapy, which primarily aims to in-
hibit molecular pathways that are crucial for tumor cell
growth and survival. Importantly, such small molecule in-
hibitors may also modulate the immune system, which
raises the possibility that targeted therapy might be effect-
ively combined with immunotherapy to improve clinical
outcomes [38]. This may indeed be the case in our small
pilot study. A reduction of immunosuppressive cells by
sunitinib likely contributed to stimulating anti-tumor im-
mune responses induced by tumor lysate-loaded DC
vaccines.

Initially 15 patients were planned to be included in this
study; we terminate the study with 8 patients reproted
here, because other TKIs, pazopanib and axitinib, and
mTOR inhibitors, temsirolimus and everolimus, are now
available for the RCC treatment in addition to sunitinib
and sorafenib. A new pilot study is currently underway to
determine the better combination of these molecular tar-
get drugs with DC-based immunotherapy. Though our
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Table 5 Adverse Events and Laboratory abnormalities
Grade

Adverse Events, Regardless of Causality Al 1 2 3 4 5
General disorders

Fatigue 2 2

Pyrexia 2 1 1

Insomnia 1 1
Gastrointestinal disorders
Dyspepsia

Dysgeusia

NN

Diarrhea
Nausea 1 1
Esophagitis 1 1
Respiratory, thoracic and mediastinal disorders

Cough 1 1
Musculoskeletal and connective tissue disorders

Back pain 3 1 2
Metabolism and nutrition disorders

Hypothyroidism 4 4
Skin and subcutaneous tissue disorders
Hand-foot syndrome 8

Stomatitis 4

Peripheral Edema 4 3 1
Anal diseases 3

Skin ulceration 1 1

Pruritus 1 1

Trichophytosis 1 1

Rash 1 1

Vascular disorders

Hypertension 3 1 1 1*
Hematological and other laboratory abnormalities

Anemia 3 1

Leukopenia
Neutropenia
Lymphocytopenia

Thrombocytopenia

N W W W w
N W w w W N

Increased creatinine

*Intracranial hemorrhage.

study has some limitations in that this is a single institu-
tion study and sample size was only 8 patients, our results
support the notion that immunotargeted therapy repre-
sents an appropriate future direction for developing suc-
cessful treatment of mRCC.

Conclusions
This pilot study of DC-based therapy together with suniti-
nib for mRCC patients has documented the safety and
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feasibility of this approach. The reduction of both MDSCs
and Tregs was achieved by sunitinib in patients whose
serum IL-8 levels were not excessive. Autologous tumor
lysate-loaded DCs in combination with sunitinib induced
both CD4" and CD8" T cell responses in mRCC patients.

Methods

Patient selection

A pilot study of DC-based immunotherapy combined with
sunitinib in mRCC patients was conducted. The primary
endpoints were the safety and feasibility of this approach;
the secondary endpoints were to obtain immunological
proof of concept and preliminary data for anti-tumor ef-
fect, overall survival (OS) and progression-free survival
(PES). Patients aged >20 years with advanced or recurrent
mRCC who underwent nephrectomy were eligible for this
clinical study of DC therapy combined with sunitinib. To
be included, patients had to have an Eastern Cooperative
Oncology Group performance status (PS) of 0, 1 or 2, nor-
mal kidney, liver, and bone marrow function, and at least
1 measurable cancer lesion assessed by computed tomog-
raphy. Patients positive for anti-adult T-cell leukemia-
associated antigen or anti-human immunodeficiency virus
antibody, other primary cancers, uncontrolled infection,
active enterocolitis, severe heart disease, severe drug al-
lergy, cryoglobulinemia, or autoimmune disease, were ex-
cluded from the study. Those receiving systemic steroid
therapy, who were pregnant or lactating, or who had brain
metastasis and hypertension were also excluded. The
research protocol was approved by the Ethical Committee
of our institution and was registered at the University Hos-
pital Medical Information Network Clinical Trials Registry
(UMIN-CTR) (Unique trial number: UMIN000002136) on
July 2, 2009. Written informed consent was obtained from
each patient before they entered the study. The study was
performed in accordance with the Declaration of Helsinki.

Generation of DCs

About 4 weeks after surgery, patients underwent leuka-
pheresis to isolate peripheral blood mononuclear cells
(PBMCs) using a Fresenius AS.TEC204 with the C4Y
white blood cell set. Approximately 5 x10° PBMCs from
each patient were allowed to adhere to tissue culture flasks
in AIM-V medium (Invitrogen, Carlsbad, CA) at 37°C.
After one hour, nonadherent cells were removed by
washing with warm medium. To generate immature
DCs, adherent PBMCs were cultured in AIM-V for
5 days in the presence of recombinant human granulo-
cyte macrophage colony-stimulating factor (GM-CSEF)
(500 IU/ml; Berlex Laboratories, Montville, NJ) and re-
combinant human IL-4 (500 [U/ml; CellGenix Technologie
Transfer GmbH, Freiburg, Germany). Immature DCs were
then matured by adding GM-CSF (250 IU/ml), recombinant
human IL-4 (250 IU/ml), tumor necrosis factor (TNF-a)
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(0.01 pg/ml; CellGenix Technologie Transfer GmbH), pros-
taglandin E2 (PGE2) (1 pg/ml; Sigma, St. Louis, MO) and
zoledronate (5 pM; Novartis, Basel, Switzerland) for a fur-
ther 2 days [39].

Preparation of tumor lysates and electroloading of
dendritic cells

Autologous tumor samples were obtained by surgery
under aseptic conditions. Tumor tissues were minced with
a scalpel in phosphate-buffered saline (PBS). The samples
were then lysed by six freezing and thawing cycles, soni-
cated and centrifuged to produce tumor lysate. Finally the
supernatant was filtered using 0.22-um pore-size filters.
The quantitation of total protein was performed using
BCA Protein Assay Kit (Pierece Biotechnology, Rockford.
IL, USA) according to the manufacturer’s instruction. Col-
orimetric changes were detected by VersaMax microplate
reader (Molecular Device Japan, Tokyo, JAPAN) at the
wavelength of 562 nm with Softmax Pro software (Mo-
lecular Device Japan). Autologous tumor lysate was loaded
into mature DCs using a MaxCyte GT electroporation-
based system (MaxCyte Inc, Gaithersburg, MD) according
to the manufacturers instructions [40]. Tumor lysate-
electroporated DCs, designated EP-DCs, were cryopre-
served with 1 ml of autologous serum containing 10%
DMSO and stored in liquid N, until use.

Immunization schedule

After leukapheresis, patients received sunitinib at a dose
of 50 mg p.o. daily for 28 days followed by 14 days of
rest. Two weeks after leukapheresis, patients received
1x10” EP-DCs subcutaneously in the deltoid region; DC
injection was repeated biweekly six times in total, ex-
tended to 12 for one long-surviving patient. For immu-
nomonitoring, peripheral blood was drawn before DC
therapy, at each treatment time point and 4 weeks after
the last treatment. PBMCs were isolated by density
gradient centrifugation using Lymphoprep (Axis-Shield,
Oslo, Norway) and stored in liquid N, until use. Ad-
verse events were graded according to National Cancer
Institute-Common Terminology Criteria for Adverse
Events version 4.0. Clinical responses were assessed by
computed tomography and classified as complete re-
sponse (CR), partial response (PR), stable disease (SD),
or progressive disease (PD) according to the Response
Evaluation Criteria in Solid Tumors (RECIST) criteria,
version 1.1 [41].

IFN-y secretion assay

PBMCs (1x10% from each time point and EP-DCs
(1x10°) were thawed and resuspended in AIM-V medium
supplemented with 10% heat-inactivated pooled human
serum (complete medium), and co-cultured in a 24-well
plate at 37°C in a 5% CO, atmosphere for 2 days.
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Recombinant human IL-2 (Chiron, Emeryville, CA) was
then added every 2-3 days to a final concentration of
50 IU/ml for another 12 days. The cultured PBMCs were
harvested and used as responder cells, as described
below. The IFN-y secretion assay was carried out ac-
cording to the manufacturer’s protocol (Miltenyi Biotec,
Bergisch Gladbach, Germany) [42]. Briefly, 1 x 10° re-
sponder cells were stimulated with 1 x 10° EP-DCs or
mature DCs without electroporation (unloaded DCs) in
complete medium for 4 hr at 37°C in a 5% CO, atmos-
phere. The cells were then washed and suspended in
100 pl of cold PBS, and treated with a mouse anti-IFN-y
antibody (IFN-y catch reagent) (2 pl) for 5 min on ice.
The cells were then diluted in complete medium (1 ml)
and placed on a slowly rotating device (Miltenyi Biotec)
to allow IFN-y secretion at 37°C in a 5% CO, atmos-
phere. After incubation for 45 min, the cells were
washed with cold PBS and treated with Fixable viability
dye eFluor 450 (eBioscience, San Diego, CA), PE-labeled
anti-IFN-y (detection reagent), Alexa Fluor 647-labeled
anti-human CD3 (Biolegend, San Diego, CA), PC5-
labeled anti-human CD8 (Beckman Coulter, Fullerton,
CA), and PECy7-labeled anti-human CD4 (Biolegend)
mAbs. After incubation for 10 min at 4°C, the cells were
washed and analyzed on a Gallios Flow Cytometer
(Beckman Coulter).

Tregs and MDSCs

Analysis of Treg percentages in patient PBMC was car-
ried out on thawed samples. Cells were stained in
fluorescence-activated cell sorting (FACS) buffer (1x
PBS with 2% heat-inactivated fetal bovine serum and
0.02% sodium azide). Nonspecific antibody binding was
blocked by pretreatment with Clear Back (Human Fc re-
ceptor blocking reagent, MBL, Nagoya, Japan). Cells
were stained with Dye450, Alexa Fluor 647-labeled anti-
CD3, Alexa Fluor 488-labeled Foxp3, PE-Cy5-labeled
CD4, and PE-labeled CD25 Abs according to the in-
structions for use of the Human Treg Flow Kit (Biole-
gend). MDSCs were also analyzed by FACS on thawed
patient PBMC stained with Dye780, ECD-labeled CD14
(Beckman Coulter), FITC-labeled CD15 (Biolegend), PE-
Cy5-labeled CD33 (Biolegend), and PE-labeled HLA-DR
(BD Biosciences) Abs for 30 min at 4°C. Cells were
washed in buffer and then fixed in 1% paraformaldehyde
and analyzed by flow cytometry.

Delayed-type hypersensitivity (DTH)

EP-DCs or unloaded DCs were injected intradermally
into different forearms. DTH reactions were evaluated
24 and 48 hours after the 6™ injection of DCs and con-
sidered to be positive when a skin reaction (>10 mm
diameter of erythema) was triggered by EP-DCs but not
unloaded DCs.
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TH1/TH2 cytokine quantification

Amounts of IFN-y, IL-1f, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10,
IL-12 p70, TNE-a, and TNE-f3 in patients’ sera were quan-
tified by a cytofluorometry-based ELISA system (Flowcyto-
mix, Bender Medsystems GmbH, Austria). Standard curves
for each cytokine were generated using the reference cyto-
kine concentrations supplied by the manufacturer. Cyto-
kines in sera from patients at different time points were
estimated according to the manufacturer’s instructions.
Raw data of the FC bead assay were analyzed by FlowCyto-
mixPro2.3 software.

Statistical analysis

The statistical analyses of immunological parameters and
prognostic factors (PFS or OS) were performed using
Wilcoxon signed-rank test and Kaplan-Meier method, re-
spectively, with JMP software, version 9.0.3 (SAS Institute
Inc., Cary, NC, USA).

Additional files

Additional file 1: The mean fluorescent intensity (MFI) of the
surface expression of immunological molecules. Tabular data,

Additional file 2: Schedule for DC vaccination combined with
sunitinib in this clinical trial. Supplementary figure.

Additional file 3: Data from an individual patient. Supplementary figure.

Additional file 4: Computed tomography (CT) images. Supplementary .
figure.
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Abstract

Preventing protein aggregation is a major goal of biotechnology. Since protein aggregates are mainly comprised of
unfolded proteins, protecting against denaturation is likely to assist solubility in an agueous medium. Contrary to this
concept, we found denatured total cellular protein mixture from mammalian cell kept high solubility in pure water when
the mixture was nucleic acids free. The lysates were prepared from total cellular protein pellet extracted by using
guanidinium thiocyanate-phenol-chloroform mixture of TRIzol, denatured and reduced total protein mixtures remained
soluble after extensive dialysis against pure water. The total cell protein lysates contained fully disordered proteins that
readily formed large aggregates upon contact with nucleic acids or salts. These findings suggested that the highly flexible
mixtures of disordered proteins, which have fully ionized side chains, are protected against aggregation. Interestingly, this
unusual solubility is characteristic of protein mixtures from higher eukaryotes, whereas most prokaryotic protein mixtures
were aggregated under identical conditions. This unusual solubility of unfolded protem mixtures could have |mpllcatlons for
the study of intrinsically disordered proteins in a variety of cells.
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Introduction

Proteins perform an extraordinary array of functions in cells [1].
To understand the behavior of proteins in living cells, we must
consider the extremely high intracellular concentrations of
macromolecules. The cytoplasmic protein concentration has been
estimated to be 100 mg/mL [2], and the total macromolecular
concentration (including proteins, lipids, nucleic acids, and sugars)
could be as high as 400 mg/mL [3]. Proteins have therefore
evolved to exert their biological functions under highly crowded
conditions, which raises the question of how they maintain
solubility in such a dense milieu. Intrinsically unstructured proteins
display unusually high solubility, and studying these molecules
may elucidate the mechanisms underlying this phenomenon.

Proteins must fold into unique three-dimensional structures and
interact specifically with particular molecules to function correctly.
However, some proteins exist in an intrinsically unstructured form,
lacking stable secondary and tertiary structural elements, but
retaining full functionality. These intrinsically disordered proteins
(IDPs) are unfolded in vitro, but may adopt functional conforma-
tions 1 vivo, although several lines of indirect evidence indicate
that IDPs remain disordered in the cell [4,5]. The capacity for

PLOS ONE | www.plosone.org

folding or remaining intrinsically unstructured mainly depends on
the interplay between water molecules and the characteristic
amino acid composition that dictate the hydrophobicity, charge,
and flexibility [6,7]. Generally, IDPs lack bulky hydrophobic
residues such as Ile, Leu, and Val, as well as aromatic residues
such as Trp, Tyr, and Phe but are enriched in polar residues such
as Arg, Gly, Gln, Ser, Pro, Glu and Lys, and the secondary
structure-breaking amino acids Gly and Pro [6,7]. This compo-
sition results in high solubility in water despite being highly
unstructured. Much work has been done on prediction of IDPs
from protein sequences, and this class of proteins are much more
abundant in eukaryotes than in prokaryotes [8,9]. Although the
predicted disorder depends on the program used, intrinsically
disordered regions (IDRs) account for 8-10% of protein sequences
in prokaryotes and 30—41% in eukaryotes [10,11]. The majority of
cellular proteins are predicted to adopt fully folded biologically
active conformations, but IDRs are abundant. Unlike globular
proteins, IDPs show unusually high solubility following heat
treatment. Kim ef al (2000) demonstrated that 20% of total
proteins in Jurkat T-cell lysates are heat-resistant and remain
soluble after boiling [12]. The resultant soluble protein fractions
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cell protein lysates.
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are enriched in IDPs and are a valuable resource for proteomic
research [13,14].

It is widely accepted that denaturing proteins exposes hydro-
phobic residues that are normally buried in the native conforma-
tion, and aggregation is mainly mediated by the resulting
hydrophobic or electrostatic interactions between individual
molecules. Hydrophobic interactions mainly occur between
neighboring denatured protein molecules, whereas electrostatic
interactions mainly occur between denatured proteins and anionic
nucleic acid polymers. Removal of nucleic acids is therefore
critical for efficient oxidative refolding of globular proteins from
bacterial inclusion bodies [15]. The refolding efficiency can be
improved by altering the ionic strength, pH, and using additives
[16], but the final yield of refolded protein is often decreased
substantially due to the presence of misfolded protein molecules
that seed aggregation during purification steps. Poor protein
solubility is a commonly encountered problem, and maintaining
proteins in soluble conditions is the conventional approach for
ensuring biological activity is maintained. The opposite approach
of intentional denaturation is unusual, but may work well for
maintaining the solubility of IDPs.

The unusual high solubility of mammalian IDPs appeared to be
characteristic of proteins from higher eukaryotes, since most
prokaryotic protein mixtures aggregated under similar denaturing
conditions. Although the detailed mechanism is unclear, this
unusual solubility presumably reflects the amino acid composition
of eukaryotic IDPs, and likely reflects key evolutionary differences.

PLOS ONE | www.plosone.org

Water Soluble Denatured Protein Mixtures from Mammalian Cells

Materials and Methods

Cell culture

Human cell lines HeLa S3 and HEK293 PEAKrapid, and the
mouse cell line B16 melanoma-F10 were purchased from ATCC.
All cell lines were cultured in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 10% fetal bovine serum (FBS, PAA
laboratories, Austria) and penicillin/streptomycin (Wako, Osaka,
Japan). S. cerevisiae, S288C. (National Bio-Resource Project of the
MEXT, Japan) was grown in YPD media at 30°C for 24 h. S.
aureus (FDA 209P) in brain Bacto heart infusion medium (BD
Biosciences), and E. coli BL21 (DE3) (Novagen) in LB medium
were grown at 37°C for 24 h. E. coli BL21 (DE3) containing
pET23a-human f-actin plasmid DNA were used to express
human B-actin. Transformed cells were cultured in LB at 37°C,
expression was induced with 0.4 mM IPTG, and growth
continued for 3 h.

Isolation of nucleic acid-free total cell proteins

Total cell proteins were isolated using TRIzol (Invitrogen)
according to the manufacturer’s instructions. Briefly, sub-confluent
mammalian cells cultured on a 100 mm dish were washed twice
with PBS, lysed in 5 mL TRIzol, scraped off and transferred to a
centrifuge tube. Proteins were recovered in the organic phase
following addition of chloroform, and precipitated by addition of
2-propanol. Protein precipitates were extensively washed with 0.3
M GdnHCI in 95% ethanol at least five times, to give a white
protein pellet that was washed three times with ethanol. Ethanol-
wet pellets were used directly as they were poorly soluble in 6 M
GdnHCI after drying. Cell pellets of S. cerevisiae, S. aureus, and
E. coli (0.2 g wet weight were dissolved in 1 mL TRIzol and
treated as described above.

Preparation of protein lysates in salt-free water

Total cell proteins were dissolved in 6 M GdnHCI containing
0.1 M Tris-HC1 pH 8.5, and the protein concentration was
adjusted for each experiment using values determined from the
absorbance at 280 nm, assuming | absorbance unit at
280 =1 mg/mL. Disulfide bonds were then reduced with 0.1 M
DTT at 37°C for 1 h, and a 0.1 volume of acetic acid was added.
The resultant protein solutions were dialyzed extensively against
Milli-Q, water using a Slide-A-Lyzer (3.5K MWCO, Thermo
Fisher Scientific, Waltham, MA) at 4°C for 48 h. The Milli-Q
water was changed every few hours initially then every 12-16 h.
Residual nucleic acids in TRIzol lysate were determined with
Quant-iT PicoGreen dsDNA and RiboGreen RNA Assay Kit
(Life Technologies, Carlsbad, CA). To determine the solubility in
TRIzol lysates, initial protein concentrations were adjusted to
1 mg/mlL before starting dialysis. Aggregated proteins and the
remaining soluble proteins were separated by centrifugation at
14,000 xg for 15 min at 4°C, and each was solubilized in 8 M urea
prior to protein concentration measurement using the Bradford
protein assay (Bio-Rad Laboratories, Hercules, CA) with bovine
serum albumin as a standard.

Determination of protein solubility in lysates containing
additives

Nucleic acid-free total cell protein lysates (TRIzol lysates) from
HeLa cells in Milli-Q water and with a protein concentration of 2—
3 mg/mL and a pH of 5 and an electrical conductivity <20 uS/
cm were used for assays. dNTPs (Thermo) 16S-rRNA and 23S-
rRNA from E. coli MREG0O (Boehringer Mannheim, Germany),
tRNA from baker’s yeast (Type X-SA, Sigma, St. Louis, MO), or
DNA from calf thymus (phenol-chloroform extracted, <2000 bp,
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B. SDS-PAGE of total cell protein TRIzol and GdnHCl lysates. Equivalent amounts of protein in soluble fractions (S) and precipitates (P) following
centrifugation were loaded. C. SDS-PAGE of TRIzol lysates prepared from E. coli BL21(DE3) expressing or not expressing human B-actin.

doi:10.1371/journal.pone.0113295.g002

WAKO) were mixed with TRIzol lysates to give a protein
concentration of 0.1 mg/mL, and incubated for 60 min at 4°C.
After centrifugation at 14,000xg for 15 min at 4°C, the
concentration of soluble proteins was determined by Bradford
protein assay (Bio-Rad).

Plasmid transfection and functional assays

Plasmids for expression of the enhanced GFP (pEGFP-NI;
Clontech, Mountainview, CA) and firefly luciferase (Luc; pGL3-
basic; Promega, Madison, WI) were used to transfect HEK293

PLOS ONE | www.plosone.org

PEAKrapid cells using 293 fectin (Invitrogen) which were
subsequently cultured for 24 h. To prepare native protein lysates,
cells were lysed with Glo Reporter Lysis Buffer (GLB, Promega).
The fluorescence intensity of EGFP-containing lysates was
analyzed using a Multi Microplate Reader MTP-800 (Hitachi,
Japan) at Ex/Em: 480/530 nm. Luminescence of Luc-containing
lysates was measured using a steady Glo assay kit (Promega) and
Luminometer Junior LB9509 (Berthold Technologies, Dak Ridge,

TN,
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Table 1. Solubility of denatured and nucleic acid-free total cell proteins in pure water.

Source

Solubility in TRIzol lysate (%)*

H. Sapien, M. musculus (Hela, Hek293, B16-F10)
S;éerevi§iae (SzéSC) a ' ‘ ‘

S aureus (FDA209p)

E.coli (BL21(DE3))

329+3.0

*Initial protein concentrations were adjusted to 1 mg/mL before dialysis.
doi:10.1371/journal.pone.0113295.t001

Western blotting

Endogenous and transiently expressed reporter protein levels
were verified by Western blotting using conventional procedures
using the following primary antibodies; anti-B-actin (13E5, Cell
Signaling Technologies, Beverly, MA), B-tubulin (Cell Signaling
Technologies), GFP (mFX75, Wako), Luciferase (MBL, Nagoya,
Japan). Membranes were treated with horseradish peroxidase-
conjugated anti-mouse IgG or anti-rabbit IgG (Cell Signaling
Technology), and positive signals were measured using a
chemiluminescence system.

NMR

NMR spectra were recorded at 37°C on a Varian Unity
INOVA 600 spectrometer (Varian, CA). 3Hmutwil and S-
carboxymethylated mouse lysozyme were prepared as described
previously [17-19], and 0.1 mM samples of ""N-labeled proteins
were dissolved in TRIzol lysates or distilled water containing 10%
DyO. The pH was adjusted to 2 using HCI, and NH signal
assignments from 'H-""N-labeled HSQC spectra were assigned as
described [19].

Results

Preparation of nucleic acid-free total cell protein lysates

In order to prepare nucleic acid-free total protein lysates from
cultured mammalian cells under native conditions, we removed
nucleic acids using three different approaches; selective precipita-
tion with polyethylenimine [20], extensive digestion with nuclease,
and chromatographically using an anion-exchange column.
Unfortunately, neither method produced a satisfactory yield or
purity. In contrast, phenol-chloroform extraction was efficient at
ensuring total separation of nucleic acids and denatured total cell
proteins. The guanidinium thiocyanate-phenol-chloroform mix-

>
W

ture that constitutes TRIzol reagent, that is regularly used for
RNA preparation [21], was used to homogenize cells, and proteins
extracted using this reagent have been successfully recovered for
proteomic research [22-24]. In this extraction procedure, proteins
are fractionated into the organic phase and precipitated by
addition of 2-propanol (Fig. 1), and 90% of total cellular proteins
can be recovered, which is considerably higher than was achieved
by homogenizing cells directly in 8 M Urea (Fig. 2A). After
extensive washes with 0.3 M guanidine hydrochloride (GdnHCI)-
95% ethanol, or in ethanol, total cellular proteins were recovered
as a tightly packed white pellet following centrifugation, which was
used directly or stored at —20°C as a wet pellet to avoid the
difficulties associated with resuspending dried pellets in denaturant
solutions. When dissolved in 6 M GdnHCI, proteins formed a
slightly cloudy solution that clarified following reduction with
dithiothreitol (DTT). Proteins were successfully solubilized follow-
ing dialysis against pure water at acidic pH (Fig. 2 and Table 1) to
give a yield of approximately 6 mg/mL from HeLa cells. The pH
of the TRIzol lysate was between 5 and 5.8, which was the same as
the dialysis solution, confirming dialysis had gone to completion.
The electrical conductivity of the TRIzol lysate was less than 20
US/cm, which was estimated to be less than 1 mM of electrolytes
and is probably mostly residual GdnHCIL All Trizol lysates
confirmed to show UV absorption spectrum has a peak maximum
at approximately 280 nm. The residual nucleic acids in Hela
TRIzol lysate were less than 1 ng/mL in 1 mg/mL of protein by
fluorescent nucleic acids detection methods, thus the lysates were
virtually nucleic acids free. As shown in Figure 2A, denatured
mammalian proteins in nucleic acid-free water showed unexpect-
edly high solubility compared with the extensive insoluble
aggregation observed in denaturant containing nucleic acids
(Fig. 1, 2B). Total cellular proteins from another eukaryote
(Saccharomyces cerevisiae) and two prokaryotes (Staphylococcus
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aureus and Escherichia coli) showed reduced solubility (Table 1).
However, low molecular weight (<20 kDa) denatured proteins
from E. coli were soluble in these conditions, whereas most higher
molecular weight (>30 kDa) proteins were insoluble (Figure 2C).
Recombinant human 3 -actin is expressed in inclusion bodies in E.
colt, and is known to be highly insoluble in the denatured form
[25]. This protein remained insoluble in the E. coli total protein
lysate even in nucleic acid-free conditions (Fig. 2C). In contrast,
denatured B-actin from Hela cells showed high solubility in
nucleic acid-free conditions (Fig. 2B). The high solubility and
resistance to aggregation of mammalian total cellular proteins in
nucleic acid-free pure water compared to prokaryotic proteins
(Table 1) presumably reflects an evolutionary divergence, which is
consistent with the high abundance of IDPs in eukaryotes but not
in prokaryotes.

Effect of additives on the solubility of TRIzol-solubilized
proteins from Hela cells

Nucleic acids at a concentration of 100—300 uM of phosphate
group (30-100 pg/mL) induced precipitation of TRIzol-solubi-
lized proteins from Hela cells. Interestingly, the triphosphate
group of dNTPs appeared to be a strong inducer of precipitation
of denatured proteins, whereas monophosphate anions showed no
such effect in the concentration range studied (Fig. 3A). The ionic
strength was also important for solubility; the solubility of proteins
in physiological saline decreased to 30% (Fig. 3B). However, non-
ionic solutes such as sugars did not affect protein solubility
(Fig. 3C), indicating that coulomb interactions between denatured
proteins and additives contributed to protein solubility in TRIzol

PLOS ONE | www.plosone.org

lysates. Although the pH can be an important factor affecting the
net charge of protein molecules, this proved difficult to determine
to analyze here, because addition of ionic buffers rapidly induced
protein aggregation at all pH values tested.

Protein conformation in TRIzol lysates

To confirm that proteins were completely denatured in TRIzol
lysates, HEK293 cells expressing Luciferase or GFP were
examined. As shown in Figure 4, both cell types were successfully
lysed in Glo Reporter Lysis Buffer (GLB, Promega) under native
conditions in which the reporter protein function was maintained.
While ensuring the same number of each cell type was used,
reporter proteins were successfully recovered in soluble but
denatured (non-functional) form in TRIzol lysates. In a previous
study, immunoglobulin light chain derived amyloidogenic 3Hmut
at pH 2 [19] and S-carboxylmethylated mouse lysozyme at pH 5
[17] were confirmed to be fully disordered using heteronuclear
NMR spectroscopy [18,26]. Using these disordered proteins as
probes, 'H-'">N heteronuclear single quantum coherence (HSQC)
spectra were compared for Hela TRlIzol lysates. As shown in
Figure 5, the overall spectra for both proteins exhibited similar
crowded resonances indicative of fully denatured proteins. These
results confirmed that the proteins in the Hela cell lysates were
fully unfolded and highly soluble.

Discussion

In this study, we observed that fully denatured mammalian total
cell protein mixtures showed unusually high solubility in nucleic
acid-free pure water. This unusual solubility appeared to be
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characteristic of higher cukaryotes, since proteins from a lower
eukaryote (yeast) and two prokaryotes were largely aggregated
under comparable conditions. This observation likely reflects a key
evolutionary divide since IUPs are known to be highly abundant in
mammalian cells [10,11]. Within the single-celled organisms
studied, denatured proteins from the cukaryote Saccharomyces
cerevisiae showed higher solubility than did those from two
prokaryotes (Table 1). This trend was consistent with previous
studies on IDPs from Saccharomyces cerevisiae and E. coli [27].
Therefore, in a salt-free and nucleic acid-free environment, the
solubility of denatured proteins is highly correlated with the
flexibility of the polypeptide and the proportion of hydrophilic
residues in the protein chain.

Reconstitution of nucleic acids into TRIzol lysates from the
HeLa cells indicated that these polyanionic macromolecules
strongly promote the aggregation of denatured proteins. As shown
in Figure 3A, (RNA, which is a tightly folded molecule, induced
protein aggregation to a lesser degree than did dNTPs that have
exposed phosphate groups. Thus, the electrostatic interactions
between nucleic acids and denatured protein molecules could be a
strong trigger for protein aggregation. This may explain why
mammalian recombinant proteins frequently aggregate in bacte-
rial cells. In our previous study, recombinant proteins isolated
from bacterial inclusion bodies were found to be tightly associated
with nucleic acid [15].

The ionic strength of TRIzol lysates also affected protein
solubility significantly (Iig. 3B). Unlolded purified proteins,
including integral membrane proteins, have been successfully
solubilized in pure water previously [6,7,28-30]. Furthermore, the
structural and dynamic propertics of proteins in 8 M urea and
pure water were shown to be similar using NMR [31]. Soluble
proteins in pure water are predicted to be highly flexible due to
strong intramolecular and intermolecular electrostatic repulsion
[30]. In this study, pure water had a pH of 5.6, presumably due to
the atmospheric carbon dioxide concentration. At this pH,
ionizable groups on Lys, Arg, His, Asp, and Glu residues are
potentially fully charged in the absence of counter ions, which
maximizes the hydration of unfolded proteins. The high entropy of
the denatured proteins in the HeLa cell TRIzol lysates is
presumably the reason for the high solubility. Since aggregation
requires productive collisions between protein molecules, enthal-
py-entropy compensation theory can explain the unusually high
solubility of denatured mammalian proteins in pure water [32,33].

Although the detailed mechanism is unclear, flexible polypep-
tide chains classified as IDPs may competitively suppress
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Purpose
CC chemokine receptor 4 (CCR4) is expressed by peripheral T-cell lymphomas (PTCLs) and is

associated with poor outcomes. Mogamulizumab (KW-0761) is a defucosylated humanized
anti-CCR4 antibody engineered to exert potent antibody-dependent cellular cytotoxicity. This
multicenter phase Il study evaluated the efficacy and safety of mogamulizumab in patients with
relapsed PTCL and cutaneous T-cell lymphoma (CTCL).

Patients and Methods
Mogarmulizurab (1.0 mg/kg) was administered intravenously once per week for 8 weeks to patients

with relapsed CCR4-positive PTCL or CTCL. The primary end point was the overall response rate, and
the secondary end points included safety, progression-free survival (PFS), and overall survival (OS).

Results

A total of 38 patients were enrolled, and 37 patients received mogamulizumab. Objective
responses were noted for 13 of 37 patients (35%; 95% Cl, 20% to 53%), including five patients
(14%) with complete response. The median PFS was 3.0 months (35% Cl, 1.6 to 4.9 months), and
the median OS was not calculated. The mean maximum and trough mogamulizumab concentra-
tions (= standard deviation) after the eighth infusion were 45.9 = 9.3 and 29.0 = 13.3 pug/mL,
respectively. The most common adverse events were hematologic events, pyrexia, and skin
disorders, all of which were reversible and manageable.

Conclusion

Mogamulizumab exhibited clinically meaningful antitumor activity in patients with relapsed PTCL
and CTCL, with an acceptable toxicity profile. Further investigation of mogamulizumab for
treatment of T-cell lymphoma is warranted.

J Clin Oncol 32:1157-1163. © 2014 by American Society of Clinical Oncology

lymphoma (AITL), and anaplastic large-cell lym-
phoma (ALCL)."® Cyclophosphamide, doxorubi-

Mature T/natural killer (NK)-cell neoplasms
comprise approximately 20 subclassified hetero-
geneous groups of non-Hodgkin lymphomas
(NHLs) that account for approximately 10% of
NHLs in Western countries' ™ and approximately
25% of NHLs in Japan.*® Mature T/NK-cell neo-
plasms are largely subdivided into peripheral
T-cell lymphoma (PTCL) and cutaneous T-cell
lymphoma (CTCL), and different treatment
strategies are used for each of these entities."
According to the WHO dlassification, PTCL
includes peripheral T-cell lymphoma not otherwise
specified (PTCL-NOS), angioimmunoblastic T-cell

cin, vincristine, and prednisone (CHOP) and
CHOP-like regimens have been widely used as the
standard first-line treatment for patients with
PTCL.”® With the exception of those patients with
anaplastic lymphoma kinase-positive ALCL, the ef-
ficacy of these combination therapies is unsatisfac-
tory because those who achieve remission eventually
experience relapse and poor outcomes.> Several
agents have been approved by the US Food and
Drug Administration for the treatment of relapsed
or refractory (Rel/Ref) PTCL: pralatrexate, ro-
midepsin for Rel/Ref PTCL, and brentuximab vedo-
tin for Rel/Ref ALCL. The overall response rates

© 2014 by American Society of Clinical Oncology 1157
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(ORRs) were reported to be 29% and 25% for PTCL and 86% for
ALCL, respectively.'*"?

CTCL can be classified as mycosis fungoides (MF), Sézary syn-
drome, or cutaneous ALCL. The majority of cases of CTCL in Japan
consist of MF."* The therapeutic approaches and outcomes for these
conditions are primarily dependent on disease stage.>”'* Patients with
advanced stage CTCL who relapse after systemic chemotherapies and
those with transformed MF have particularly poor outcomes.'>'®
Recently, the US Food and Drug Administration approved agents for
Rel/Ref CTCL treatment, including vorinostat, denileukin diftitox,
and romidepsin, with ORRs of 30%, 30%, and 349%, respectively.'” "
However, there are few treatment options or approved agents for
CTCL in Japan, partly because of its low prevalence here.>'*'?

CC chemokine receptor 4 (CCR4) is a marker for type 2 helper T
cells or regulatory T (Treg) cells and is expressed on tumor cells in
approximately 30% to 65% of patients with PTCL.*>*! CCR4-positive
patients (eg, in the PTCL-NOS subgroup) have a shorter survival time
when compared with CCR4-negative patients.”’>* Further, CCR4
expression increases with advancing disease stage in patients with MF/
Sézary syndrome.**

Mogamulizumab (KW-0761) is a humanized anti-CCR4 mono-
clonal antibody with a defucosylated Fc region that enhances
antibody-dependent cellular cytotoxicity.>*® In vitro antibody-
dependent cellular cytotoxicity assay and in vivo studies in a human-
ized mouse model revealed that mogamulizumab exhibited potent
antitumor activity against T-cell lymphoma cell lines and against pri-
mary CTCL cells from patients.”**®

In a phase I study of patients with relapsed adult T-cell leukemia-
lymphoma (ATL) and PTCL/CTCL, mogamulizumab was well toler-
ated up to a dose of 1.0 mg/kg. An ORR of 31% (five of 16) was
obtained, including one partial response (PR) among three patients
with PTCL/CTCL.*® Mogamulizumab yielded an ORR of 50% (13 of
26) for relapsed CCR4-positive ATL in a subsequent phase II study.
In the United States, a phase I/II study for patients with Rel/Ref CTCL
revealed that mogamulizumab was well tolerated with an ORR of 37%
(14 of 38, 8% complete response [CR], 29% PR) and a median PFS of
341 days.”'

The present report describes the results of a multicenter phase II
study in Japan that was designed to assess the efficacy and safety of
mogamulizumab in patients with relapsed CCR4-positive PTCL
or CTCL.

Study Design and Treatment

This was a multicenter, single-arm phase II study conducted at 15 Japa-
nese centers. At least 35 patients were required to detect a lower limit of the
95% CI that exceeded the 5% threshold, and the expected ORR for mogamu-

lizumab was 25% with a statistical power of 90%.'%*°

All patients gave written informed consent before enrollment. Patients
received intravenous infusions of 1.0 mg/kg mogamulizumab once per week
for 8 weeks. Dose modification of mogamulizumab was not allowed. Oral
antihistamine and acetaminophen were given before each dose of mogamuli-
zumab as premedication.*»*° A systemic corticosteroid (hydrocortisone 100
mg intravenously) was also administered before the first dose of mogamuli-
zumab to prevent an infusion reaction. The same dose of hydrocortisone was
administered before the second and subsequent administrations at the inves-
tigators’ discretion. The plasma concentrations of mogamulizumab and
antimogamulizumab antibodies in plasma were determined by using enzyme-
linked immunosorbent assays.”>*® Blood samples were collected from all
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patients who received at least one dose of mogamulizumab at times deter-
mined by the protocol for pharmacokinetic analyses. Maximum plasma mog-
amulizumab concentration and trough concentration parameters were
calculated from 0 to 7 days after the eight doses. T-cell subsets and NK cell
distribution were also investigated by flow cytometry during and after mog-
amulizumab treatment. This study was conducted in accordance with the
Declaration of Helsinki and in compliance with Good Clinical Practices. The
protocol was approved by the institutional review board at each participat-
ing institution.

Patients

Patients who were = 20 years of age and who had CCR4-positive PTCL
or CTCL with relapse after their last systemic chemotherapy were eligible for
participation. Patients who were refractory to their most recent therapy were
noteligible for this study. Histopathological subtypes were assessed and reclas-
sified by the Independent Pathology Review Committee according to the 2008
WHO dlassification." CCR4 expression was determined by immunohisto-
chemistry by using an anti-CCR4 monoclonal antibody (KM2160) and was
confirmed by central review, as described previously.”® In brief, CCR4 expres-
sion was classified according to the proportion of stained tumor cells (negative,
< 10%; 1+, 10% to <25%; 2+, 25% to < 50%; 3+, = 50%). Staging of
nodal/extranodal and/or cutaneous lesions was performed if the lesions met
the following requirements: nodal and extranodal lesions were > 1.5 cm in
measurable length on cross-sectional computed tomography images, cutane-
ous lesions were identifiable on visual inspection, and peripheral blood abnor-
mal lymphocyte count was = 1,000/uL and comprised = 5% of total
leukocytes. All patients were required to have an Eastern Cooperative Oncol-
ogy Group performance status of 0 to 2. Other notable eligibility criteria
regarding laboratory values were as follows: neutrophil count = 1,500/uL,
platelet count = 50,000/uL, hemoglobin level = 8.0 g/dL, AST level = 2.5X
the upper limit of normal (ULN), ALT level = 2.5X the ULN, total bilirubin
level = 1.5X the ULN, and serum creatinine level = 1.5X the ULN. Patients
were excluded if they had any severe complications, such as CNS involvement
or a bulky lymphoma mass requiring emergent radiotherapy, a history of
allogeneic stem-cell transplantation, active concurrent cancers, an active infec-
tion, or positivity for hepatitis B virus DNA, hepatitis B surface antigen,
hepatitis C virus antibody, or human immunodeficiency virus antibody.

Efficacy and Safety Assessment

The primary objective was to assess the best overall response, and the
secondary objectives included assessments of the best response according to
disease site, progression-free survival (PFS), and overall survival (OS). Efficacy
was evaluated by the Independent Efficacy Assessment Committee according
to modified response criteria based on the International Working Group
Criteria.”>*? Cutaneous lesions were evaluated by using the modified Severity
Weighted Assessment Tool.>* In addition, treatment efficacy in patients with
CTCL was evaluated by using a Global Response Score.”® Responses were
assessed after the fourth and eighth mogamulizumab infusions and at 2 and 4
months after the end of treatment. Treatment was discontinued if progressive
disease (PD) was evident. PD and survival were monitored until at least 4
months after the completion of dosing. For safety evaluations, adverse events
(AEs) were graded according to the National Cancer Institute Common Ter-
minology Criteria for AEs, version 4.0.

Statistical Analysis

PFS and OS were analyzed by using the Kaplan-Meier method. PFS was
defined as the time from the first dose of mogamulizumab to progression,
relapse, or death by any cause (whichever occurred first). OS was measured
from the day of the first dose to death by any cause.

Patient Characteristics

Sixty-five patients were screened, and 64 biopsy specimens were
histologically confirmed as PTCL or CTCL by the Independent Pa-
thology Review Committee. In total, 50 (78%) of the 64 screened
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patients were CCR4-positive. Of these, 38 eligible patients were en-
rolled in the study and 37 received at least one infusion of mogamuli-
zumab. One patient withdrew because of an infectious complication
before dosing. Patient characteristics, histopathology subtypes, and
previous systernic therapies are shown in Table 1.

Table 1. Baseline Patient Demographic and Clinical Characteristics
Patients Patients
Patients ~ With PTCL ~ With CTCL
(N =37) (n = 29) (n=28)
Characteristic* No. % No. % No. %
Age, years - Chdeniiea e e
' Median SBA BT B
CRange o 13380 3380 3670
CEEB i B 49170 B9 13
Sex
Male 23 62 20 69 3 38
Female 14 38 9 31 5 63
ECOG performance status - s o e
Qe b i 08 6B 19 BB B B3
ThL e G120 03200000340 90 95
L CNtEEAS
Elevated LDH levelt 21 57 18 3 38
Bone marrow involvement =~ 70019000 7 S0 0
No. of previous systemic regimens
Median 2 2 3
Range 1-6 1-56 1-6
1 14 38 13 45 1 13
2 15 41 12 41 3 38
=3 8 22 4 14 4 50
Types of systemic therapy' Shulind et
- Chemotherapy = = o ,:137 1000 29 1000 8 100 .
. CHOP/CHOP- lxke regfmen 8697 29 100 7. /88
-DeVIC 6. 16 4 14 2 25
~ CHASE ; B 14 B a7 0o
. 'Single- agent therapy B 14 0 0 5 63
Other 0 27 0 M o 0
Auto-PBSCT 3 8 310 0 0
Radiotherapy 9 24 5 17 4 50
Intensity of CCR4 expresswnt e
A o818 14 2 25
 ~;3+1 L e oE e g 72 4 B0
Histopathology by central review
PTCL-NOS 16 43 16 55
AITL 12 32 12 41
ALCL, ALK negative 1 3 1 4
MF 7 19 7 88
c-ALCL 1 3 1 13
Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic
large-cell lymphoma; ALK, anaplastic lymphoma kinase; c-ALCL, cutaneous
anaplastic large-cell lymphoma; CHASE, cyclophosphamide, cytosine arabino-
side, etoposide, and dexamethasone; CHOP, cyclophosphamide, doxorubicin,
vincristine, and prednisone; CTCL, cutaneous T-cell lymphoma; DeVIC, dexa-
methasone, etoposide, ifosfamide, and carboplatin; ECOG, Eastern Coopera-
tive Oncology Group; LDH, lactate dehydrogenase; MF, mycosis fungoides;
NOS, not otherwise specified; PBSCT, peripheral-blood stem-cell transplanta-
tion; PTCL, peripheral T-cell lymphoma.
*Of the 38 patients enrolled, 37 received at least one infusion
of mogamulizumab.
tElevated LDH level: higher LDH level than upper limit of the normal range.
$The denominator used for the intensity of CC chemokine receptor 4
(CCR4) expression. is based on subjects who were positive for CCR4
by immunohistochemistry.

Of the 37 patients who received mogamulizumab, 25 (68%)
completed the planned course of eight infusions. Nine patients (24%)
discontinued treatment because of PD, and three patients (8%) due to
serious AEs.

Efficacy

The ORR for the 37 treated patients was 35% (13 of 37; 95% CI,
20% to 53%), and 14% of patients (five of 37) achieved a CR, of which
one was unconfirmed (Table 2). Reponses (CR/PR) were observed in
at least one patient with each subtype of disease, but the ORR differed
between subtypes. The ORR was 34% (10 of 29; 95% CI, 18% to 54%)
in patients with PTCL (three of 16 for PTCL-NOS, six of 12 for AITL,
and one of one for ALCL, anaplastic lymphoma kinase-negative) and
38% (three of eight; 95% CI, 9% to 76%) in those with CTCL (two of
seven for MF and one of one for cutaneous ALCL). In addition, ORR
in patients with CTCL was 50% (four of eight; 95% CI, 16% to 84%)
according to the Global Response Score.

Total ORR did not significantly correlate with CCR4 expression
level, patient age, or the number of previous chemotherapy regimens.
The response rates for lymph node and cutaneous lesions were 33%
(11 of 33) and 58% (seven of 12), respectively.

The median PFS was 3.0 months (95% CI, 1.6 to 4.9 months) for
the entire population and 2.0 months for patients with PTCL. Al-
though the median OS was not reached for the entire population at the

Table 2. Best Response (N = 37)
No. of Patients With
Best Response
No. of Response
Parameter Patients CR/CRu PR SD PD Rate (%)"
Overallresponse’ .~ 37 B 8 13711 35
Histopathology by central
review
PTCL 29 51 5 9 10 34
PTCL-NOS 18 1 2 6 7 19
AITL 12 3 3 3 3 50
ALCL, ALK negative 1 1t 0 0 0 100
CTCL 8 0 3 4 1 38
MF 7 0 2 4 1 29
c-ALCL 1 0 1 0 0 100
Agevears | T aa
<85 E e ) T4 06 7 B 87
=65 18 .4 26 6 33
Intensity of CCR4 expressmn
1+ 6 1 1 3 1 33
2+ 6 1 2 2 1 50
3+ ‘ 25 3t 5 8 32
No of previous systemic Sy e .
regtmens STl ; e - :
2 e el ke
=3 oot 41 2 B3
Abbreviations: AITL, angioimmunoblastic T-cell lymphoma; ALCL, anaplastic
large-cell lymphoma; ALK, anaplastic lymphoma kinase; c-ALCL, cutaneous
anaplastic large-cell lymphoma; CCR4, CC chemokine receptor 4; CR, com-
plete response/complete remission; CRu, uncertain complete responsefun-
certain complete remission; CTCL, cutaneous T-cell lymphoma; MF, mycosis
fungoides; NOS, not otherwise specified; PD, progressive disease; PR, partial
response/partial remission; PTCL, peripheral T-cell lymphoma; SD, stable
disease.
*Response rate (%): 100 X number of responders/number of subjects in
each category included in the efficacy analysis set.
tAmong the patients who showed CR/CRu, one showed CRu
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Fig 1. Kaplan-Meier curves of (A) estimated progression-free survival (median, 3.0 months), (B) overall survival (median not reached), (C) progression-free survival in
patients with peripheral T-cell lymphoma (PTCL; median, 2.0 months), and (D) overall survival in patients with PTCL (median, 14.2 months).

time of this report, it was 14.2 months for patients with PTCL (Fig 1).
Moreover, the median PFS of all 13 responders was 5.5 months, and
for PTCL responders (n = 10), it was 8.2 months.

Safety

The most common treatment-related AEs of all grades and
treatment-related AEs of grade 3/4 were lymphocytopenia (81%,
73%), neutropenia (38%, 19%), and leukocytopenia (43%, 14%),
whereas the most common nonhematologic AE was pyrexia (30%;
grade 2 or lower) (Table 3). Lymphocytopenia occurred in 30 patients
(81%) and was noted after the first dose in 26 of these patients. For 19
of the patients, lymphocyte counts were << 800/pL (grades 2 to 4)
before the first dosing. The lymphocyte count ultimately recovered to
normal or baseline levels in all patients.

Infusion reaction (24%; grade 2 or lower) occurred primarily at
the first infusion, after which it became less frequent, and all patients
recovered. No infusion prolongation/interruption was caused by the
infusion reaction.

In addition, treatment-related skin disorders were commonly
reported (all grades, 51%; grade 3/4, 11%) when grouped according to
system organ class. Of the 19 patients who suffered from skin disorder
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complications, 15 patients experienced improvement, whereas the
remaining patients discontinued treatment because of PD or switched
to other post treatments. One patient who had a history of psoriasis
before the study treatment developed two serious skin disorders (tox-
icoderma and psoriasis vulgaris) during the study period.

Fifteen serious treatment-related AEs were observed among eight
patients (22%); these AEs included grade 3 polymyositis in one patient,
grade 2 cytomegalovirus retinitis in two patients, and grade 4 second
primary malignancy in one patient with AITL. All patients improved over
time, and there were no deaths related to AEs.

Pharmacokinetics and Pharmacodynamics

The mean maximum mogamulizumab concentration and
trough mogamulizumab concentration (= standard deviation) in
plasma after the eighth infusion were 45.9 * 9.3 and 29.0 = 13.3
mg/mL, respectively. Antimogamulizumab antibodies were not
detected after dosing in any patients. These results were consistent
with the findings of a previous study of patients with ATL.>® As an
exploratory study, we assessed the effect of mogamulizumab on the
number of CD4+/CD25+/Foxp3+ cells (the Treg cell subset) and
CD45+/CD16+/CD56+ cells (the NK cell subset). Patients given
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