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Abstract

Numerous trials using dendritic cell (DC)-based vaccinations for the treatment of cancer are being carried out. However,
an improvement of the quality of DC used is highly warranted. We here generated human monocyte-derived dendritic
cells using a 3 day protocol and stimulated the cells using a combination of OK432 (Picibanil), TLR7/8 ligand CL097, and
reduced amounts of prostaglandin (PG)E,. We analyzed phenotype, migratory, and T-cell stimulatory capacity compared
to a cytokine cocktail consisting of IL-1f, IL-6, TNF, and PGE,. The OK432 cocktail stimulated cells had a similar mature
phenotype with upregulated co-stimulatory molecules, HLA-DR and CCR?7 as the cytokine cocktail-matured cells and a
similar cytokine profile except increased amounts of IL-12p70. Chemotaxis towards CCL19 was reduced compared to the
cytokine cocktail, but increased compared to OK432 alone. The T-cell stimulatory capacity was similar to the cytokine
cocktail stimulated cells. In conclusion, the OK432 cocktail has the advantage of inducing IL-12p70 production without
impairing phenotype or T-cell stimulatory capacity of the cells and might, therefore, be an advantageous alternative to be
used in DC-based immunotherapy.
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Abbreviations PGE, Prostaglandin E,
7-AAD 7-aminoactinomycin D PPD Tuberculin-purified protein derivate
ccDC Jonuleit cytokine cocktail-matured DC
CCL CC chemokine ligand
CCR CC chemokine receptor Introduction
CFDA-SE Carboxyfluorescein diacetate succinimidyl
ester Dendritic cells (DC) are powerful antigen presenting cells
iDC Immature DC that are able to induce both immunogenic and tolerogenic
NAC Non-adherent cells (monocyte depleted immune responses. DC detect pathogen-associated molecu-
PBMC) lar patterns via pattern recognition receptors, and are able

to take up and process antigens. Upon stimulation by “dan-
ger” signals such as inflammatory cytokines, they up-regu-
late surface expression of MHC class II and co-stimulatory
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DC by Steinman and Cohn in 1973 [2], immunotherapeutic
D< Silke Appel uses of these cells against cancer have been in the focus of
silke.appel @uib.no research [3-7]. While this DC-based immunotherapy has
been proven successful in animal models [8—11], it has been
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Science, University of Bergen, Jonas Lies vei 87 disappointing in clinical trials despite being shown to be safe
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and formed a vital backbone for ex-vivo DC-based cancer
immunotherapy. During the past decade, various maturation
stimuli have been used. A cytokine cocktail consisting of
IL-1B, IL-6, TNF, and PGE, [14] has been the gold stand-
ard for a long time, as these cytokine cocktail-matured DC
(ccDC) showed powerful T-cell stimulatory capacity as well
as migratory capacity in vitro [11]. However, disappointing
results from clinical trials and further investigation of the
compounds used in the cocktail showed the shortcomings
of this maturation method for cancer immunotherapy. IL-6
and PGE, have been shown to limit the generation of immu-
nogenic mature DC capable of stimulating T cells against
cancer, and thus, new maturation strategies are required
[15-20]. For DC to effectively stimulate naive T cells
into immunogenic T cells against cancer, three signals are
required: (i) a tumor associated antigen presented on MHC;
(i) co-stimulatory molecules; and (iii) an immunogenic
cytokine profile. Particularly, the requirement of IL-12p70
secretion and Th1 stimulatory capability has been discussed
as being of utmost importance in DC-based immunotherapy
[21, 22].

OK432, manufactured under the name Picibanil, is a
streptococcal preparation that has been used for decades as
cancer treatment in Japan [23-26]. While its mechanism is
still not clearly understood, its immunostimulatory effects on
DC have been analyzed. DC co-cultured with OK432 have
a mature phenotype as well as an inflammatory cytokine
profile [23, 25, 27, 28]. Furthermore, it was shown previ-
ously by our group that OK432 matured DC had increased
secretion of different cytokines, among them IL-12p70, and
that the DC were stimulated in a TLR3-dependent manner
[29, 30]. Unfortunately, OK432-treated DC did not migrate
towards CC chemokine ligand (CCL) 19 due to lack of CC
chemokine receptor (CCR) 7 expression [29, 30].

Recently, a protocol for generating iDC in 3 days rather
than 7 days was developed [31] to save time, promote effi-
cient use of GMP grade cytokines, and better simulate an
in-vivo situation, where DC migration to lymph nodes and
stimulation of T cells take place within a few days [32, 33].

Despite the undesirable effects of PGE,, its addition to
maturation cocktails increases the CCR7 expression of the
DC significantly [34]. The aim of this study was to explore
if a combination of OK432, a TLR7/8 agonist, and reduced
amounts of PGE, would result in immunogenic DC with
an advantageous pro-inflammatory cytokine profile. We
used the 3-day iDC generation protocol [31] and compared
the cells to DC matured with the Jonuleit cytokine cocktail
consisting of IL-1f, IL-6, TNF and PGE, as well as other
TLR ligand containing cocktails. Compared to the Jonuleit
cocktail, phenotype and T-cell stimulatory capacity were
similar, while chemotaxis towards CCL19 was slightly
reduced. However, IL-12p70 secretion was increased in
OK432 cocktail stimulated cells compared to the Jonuleit
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cytokine cocktail even if reduced compared to other TLR
ligand containing cocktails suggesting the OK432 cocktail
to be an interesting candidate for future DC-based immuno-
therapy trials.

Materials and methods
Monocyte-derived dendritic cell generation

Human monocyte-derived DC were generated from mono-
cytes isolated from Buffy coat preparations from healthy
blood donors (Blood Bank, Haukeland University Hospital,
Bergen, Norway) as described previously [29] with some
modifications. Briefly, peripheral blood mononuclear cells
(PBMC) were separated by density gradient centrifugation
(Lymphoprep™, Axis-Shield, catalogue number 1114547).
PBMC were quantified with a cell counter (CASY™,
Roche) and the monocytes were then isolated using plas-
tic adherence in 6 well plates (Nunc™, Thermo Scientific)
at a concentration of 1x 10" PBMC per 3 ml/well at 37 °C
and 5% CO, humidified atmosphere, for 1 h. Non-adherent
cells (=monocyte depleted PBMC; NAC) were collected
by subsequent washing with PBS, and cryopreserved at a
concentration of 2-5x 10 cells/ml in X-vivo 20 medium
(Lonza, catalogue number BE04-448 Q) and 10% DMSO
(Sigma-Aldrich, catalogue number D2650) at — 80 °C in
a Mr. Frosty freezing container. The remaining monocytes
were cultured with IL-4 (20 ng/ml; Immunotools, catalogue
number 11340047) and GM-CSF (100 ng/ml; Immunotools,
catalogue number 11343128) in RP10 medium [RPMI 1640
(Lonza, catalogue number 12-702F/U1/12) with 10% FCS
(PAA, catalogue number A15-151); 100 units/ml penicil-
lin and 100 pg/ml streptomycin (BioWhittaker, catalogue
number 17-602E)] for 3 days to generate DC. For the DC
used in antigen-specific T-cell induction and IFN-y secre-
tion assays, CellGro medium (CellGenix GmbH, catalogue
number 20801-0500) was used. Cytokines were replenished
24 h before harvesting, and DC were matured using OK432
(Picibanil; 0.1 KE/ml, Chugai Pharmaceutical Co. Ltd,
Tokyo, Japan), TLR7/8 ligand (CL097; 1 ug/ml; Invivogen,
catalogue number tlrl-c97) and PGE,, 0.5 ug/ml (Sigma-
Aldrich, catalogue number P0409). For the controls, the
cells were stimulated with either the Jonuleit cocktail [IL-
1P, 10 ng/ml; IL-6, 1000 U/ml; TNF 10 ng/ml (all from
Immunotools, catalogue numbers 11340012, 11340064,
11343015) and PGE,, 1 ug/ml], 0.1 KE/ml OK432 alone,
and 0.1 KE/ml OK432 with CL097 (1 pg/ml), respectively.
For some experiments, additional TLR ligand containing
stimulation cocktails were utilized: (i) Kalinski cocktail:
TNF (50 ng/ml), IL-1f (25 ng/ml), IFN-a (3000 U/ml;
Immunotools, catalogue number 11343514), IFN-y (1000 U/
ml), and polyl:C (20 ug/ml; Sigma-Aldrich, catalogue
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number P0913) [35]; (ii) Lovgren cocktail: TNF (20 ng/ml),
IFN-y (1000 U/ml), R848 (2.5 pg/ml; Invivogen, catalogue
number tlrl-R848), and polyl:C (20 pg/ml) [36]; and (iii)
Zobywalski cocktail: TNF (10 ng/ml), IL-1p (10 ng/ml),
IFN-y (5000 U/ml), PGE, (250 ng/ml), R848 (1 pg/ml), and
polyl:C (20 ng/ml) [37]. For autologous MLR and the IFN-y
secretion assay, 1 pg/ml tuberculin-purified protein derivate
(PPD, Statens Serum Institut, Copenhagen; Denmark) was
added 1 h prior to maturation stimulus as recall antigen.

Flow cytometry

Immunostaining was performed by incubating DC samples
with titrated amounts of antibodies in darkness at room tem-
perature for 10 min. The antibodies used were: CD14 FITC
(18D11), CDl1a PE (HI149) (Immunotools), CD38 PerCP-
Cy5.5 (HIT2), CD40 PE-Cy7 (5C3), CD86 Alexa Fluor
647 (IT2.2), CDS8O Brilliant violet 605 (2D10) and CCR7
Brilliant violet 421 (CD197; GO45H7) (Biolegend), CD83
PE-CF594 (HB15¢), and HLA-DR Horizon V500 (G46-6)
(BD Biosciences). The cells where then washed and imme-
diately analyzed on an LSR Fortessa (BD Biosciences).
Further analysis was done using the software FlowJo V10.3
(Tree Star, Ashland, OR). Representative gating strategy is
shown in Supplementary Figure 1.

Mixed lymphocyte reaction

Allogeneic or autologous NAC were thawed and allowed
to rest for 24 h before being labelled with carboxyfluores-
cein diacetate succinimidyl ester (CFDA-SE; Invitrogen,
catalogue number V12883) according to the manufactur-
er’s instructions. Two hundred thousand CFDA-SE labelled
lymphocytes were then co-cultured with 5x 10* extensively
washed mature DC in X-Vivo 20 media. At the start of the
co-culture, 50 U/ml of IL-2 and 10 ng/ml of IL-7 (both
Immunotools, catalogue numbers 11340023, 11340072)
were added to ensure CD4 and CDS8 T-cell survival. After
5 days, the cells were harvested and analyzed on an LSR-
Fortessa (BD Biosciences) flow cytometer.

IFN-y secretion assay

To analyze the capacity of the generated DC populations to
induce antigen-specific T-cell responses, we utilized an IFN-y
secretion assay (Miltenyi Biotec, catalogue number 130-054-
202). Cryopreserved autologous NAC (monocyte depleted
PBMC) were thawed and allowed to rest for 24 h, before
2.5%10° cells were being co-cultured for 7 days with either
5% 10° PPD-loaded DC stimulated with OK432, CL097, and
PGE,, or DC stimulated with the Jonuleit cytokine cocktail
in X-Vivo 20 medium supplemented with IL-7 (10 ng/ml)
and IL-2 (50 U/ml). In some experiments, the induced NACs

were then harvested, washed and allowed to rest for 5 days
before proceeding to the IFN-y secretion assay according to
the manual of the manufacturer. As stimulators, PPD-loaded
DC stimulated with the Jonuleit cytokine cocktail were used.
Unloaded DC served as negative control. 2x 10° DC were
co-cultured with 8 x 10° induced NAC for 16 h. Staphylo-
coccal enterotoxin B from Staphylococcus aureus (1 pg/ml;
Sigma-Aldrich, catalogue number 11100-45-1) was added as
positive control. The cells were further stained with anti-CD4
FITC (M-T466, Miltenyi Biotec) and anti-CD8-allophycocy-
anin (RPA-TS, Biolegend) antibodies. 5 pl 7-actinomycin D
(7-AAD:; ebioscience, catalogue number 00-6993-50) was
added just before acquisition on a BD LSR Fortessa and
BD Accuri 6, respectively. At least 2 x 10° events were col-
lected in the Lymphocyte gate (see Supplementary Figure 2).
FlowJo was used to analyze the data, and % IFN producing
cells were calculated according to the following formula:

% IFNg producing cells among CD4+
_ #of IFNg + CD4 cells in the sample

% 100.
# of total CD4 cells in the sample

IFN-y producing CD8+ T cells were calculated accord-
ingly. The % IFN-y-producing cells from the negative con-
trol (DC without PPD) were subtracted from the sample
values.

Chemotaxis

50 000 DC were added to the upper chamber of an 8 um
transwell 96-well plate (Corning Lifescience, Lowell, MA)
and left to migrate towards CCL19 (100 ng/ml, Immuno-
tools, catalogue number 11343240) in X-vivo 20 medium for
4hat 37 °C, 5% CO, humidified atmosphere. The migrated
cells were counted using a CASY™ cell counter.

Cytokine determination

The cell-free supernatant from each DC population was ali-
quoted and stored at —20 °C. Cytokine and chemokine con-
centrations were determined using a 25-plex Luminex assay
cytokine and chemokine panel (Invitrogen, catalogue num-
ber LHC0009) and run on a Luminex 100 System (Luminex
Corporation, Austin, TX) according to the manufacturer’s
instructions. To quantify IL-12p70 secretion, a sandwich
ELISA (BioLegend, catalogue number 431704) was utilized
according to the manufacturer’s instructions.

Statistical analyses

All statistical analyses were performed using GraphPad
Prism 5 (GraphPad Software, CA). Statistical significance
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between samples was tested using Kruskal-Wallis one-way
ANOVA test with Dunn test.

Results

DC treated with a combination of 0K432, TLR7/8
ligand CL097, and PGE, are phenotypically mature
with high expression of CCR7

To determine whether the addition of OK432, TLR7/8
ligand CL097, and reduced amounts of PGE, for 24 h would
be sufficient to generate mature DC after only 3 days in cul-
ture, the phenotype was analyzed using flow cytometry. The

cells showed high expression of maturation marker CD83,
co-stimulatory molecules CD80 and CD86, as well as HLA-
DR (Fig. 1). As the previous experiments had shown that DC
matured with OK432 alone did not have adequate chemo-
taxis towards CCL19, the expression of its receptor CCR7
was included in the phenotypical analysis. DC matured
with the combination of OK432, CL097, and PGE, showed
higher CCR7 expression than ccDC, while the lack of PGE,
resulted in low expression of the chemokine receptor.
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' ) ! f *kk '_:
ﬁ *%
5000 150+ * 80+ LTI v * ‘l
v
4000 ) 2 60
'S 1004 3 —om-
o
3000 . o 5 ¢ o £L LM ‘e
™ 2 v -*— ] v 2 404
= . s * ¢ Tv& = ®
20004 A o ° [ .
A N S 504 mel -3 "
#— * 2 A A o < PY (1] v
10004 s 0 .—,.* av va A vt ) v ig .:.;
o J [ o z‘
c T T T T T hd T T T T T c T T T T T
A &
(¢ o s S < o O v eSS < < & v & &
® o"o o*'bl > 4 ® 0(9 s (}’Q xQO ® o“o o > x(}’ xQo
x x A A
b‘ub’b &é\ *&n;b \99 *_b?;" 0\9‘%
0{' q’x() o q'xo 3 ’Lx
L [ L
o oF oF
CD80 CD86
v *kk 1
| e | —
100~ 250000~
[ e s
o 80 *° . ., 200000-
® A v
o v l'_Q_ ° A
- < v
2 604 o ° L5 E 150000 N . Agv
= A * A
2 4] o NS 1000004 Y * _—
o r'y AoV - <>
° v
X 2] . 50000 HO mp m,  o,F
...‘ ° ° L] °
0 T T T T T 0-—4 T T T T
< o 3 & & (9] © G o 9%
¢ L o‘l‘@ Y < o F N & Qéo
x x x x
{.&\,‘1« \96\ @;\;" &
9 ") 9 Ky
i g
(o) o’l‘

Fig. 1 DC matured with a cocktail consisting of OK432, CL097, and
PGE, express high amounts of co-stimulatory molecules and CCR7.
HLA-DR was highly expressed on all cell populations. CD83 was
increased in all matured DC populations. CCR7 was significantly
increased (p<0.05) in every group matured with PGE, compared
to iDC. CD80 was significantly higher expressed in ccDC and DC
treated with OK432, CL097, and PGE, (p <0.05) compared to iDC,
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while the increase of CD86 expression did not reach statistical signifi-
cance. IDC immature DC, ccDC: DC matured with Jonuleit cytokine
cocktail TNF, IL-6, IL-1B, and PGE,; OK432: DC matured with
0.1 KE/ml OK432; OK432+CL097: DC matured with 0.1 KE/ml
OK432 and CL097; OK432+4CL097+PGE2: DC matured with 0.1
KE/ml OK432, CL097 and 0.5 pg/ml PGE,; MFI: median fluores-
cence intensity. Each symbol represents a different donor
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Migratory capacity depends on PGE, in maturation
stimulus

While it was shown previously that OK432 has great poten-
tial as maturation stimulus for moDC, these cells had little
chemotaxis towards CCL19 due to low CCR7 expression
[30]. As the addition of OK432, CL097, and PGE, resulted
in high expression of CCR7, we analyzed their migra-
tory ability in a transwell assay towards CCL19 (Fig. 2).
Cytokine cocktail-matured DC migrated best, but the addi-
tion of reduced amounts of PGE, to OK432 and CL097
stimulated DC resulted in significantly increased migration
compared to immature DC. Stimulation of the cells with
OK432 and CL097 did not improve chemotaxis compared
to OK432 alone.

OK432-matured DC have superior cytokine
secretion regarding T-cell stimulation compared
to the Jonuleit cytokine cocktail

DC can activate T cells with an antigen presented on MHC
class II and co-stimulatory molecules, but the cytokine
milieu plays a crucial role in determining how the naive T
cells respond to the stimulus [38]. We, therefore, analyzed
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Fig.2 DC matured with PGE, migrate towards CCL19. 50,000 DC
were placed in the upper chamber of a transwell plate and incu-
bated for 4 h. Approximately 20% of DC matured with the cytokine
cocktail (ccDC) migrated towards CCL19, while approximately
10% of OK432+4CL097+PGE, matured DC could be collected
in the lower chamber. DC matured without PGE, did not show
considerable chemotaxis towards CCL19. IDC: immature DC;
ccDC: DC matured with Jonuleit cytokine cocktail TNFa, IL-6,
IL-1p, and PGE,; OK432: DC matured with 0.1 KE/ml OK432;
OK432+CL097: DC matured with 0.1 KE/ml OK432 and CL097;
OK432+CL097+PGE2: DC matured with 0.1 KE/ml OK432,
CL097 and 0.5 pg/ml PGE,. Each symbol represents a different donor

the cell culture supernatants and determined the presence of
26 different cytokines and chemokines to predict the milieu
provided (Fig. 3). All OK432-matured DC had a significant
increase in IL-12p70 secretion compared to ccDC and iDC
that was further elevated with the addition of CL097, but
decreased by PGE,. This pattern was also observed with
RANTES/CCLS, MIP-1a/CCL3, and MIP-1p /CCLA4. IL-
12p40 was highly elevated by the combination of OK432,
CL097, and PGE,, but not statistically significant compared
to the other matured DC populations. IL-10 secretion was
detected at low levels. IL-8 secretion was significantly
reduced by the addition of OK432. IL-7 was increased in
every matured DC population, but only ccDC reached sta-
tistical significance compared to immature DC. IL-17 secre-
tion was increased by OK432 alone, but decreased with the
addition of CL097 or PGE,. IL-16, IL-1RA, IFN-y, IFN-a,
MCP-1, IL-2R, and IL-13 secretion did not show obvious
differences between sample groups. IP-10, IL-2, IL-5, IL-13,
or Eotaxin was secreted at very low levels (data not shown),
while IL-4, GM-CSF, IL-1f, IL-6, and TNF were excluded
from the analysis as they were used in the culture media.
We next analyzed IL-12p70 secretion upon stimulation with
various other maturation cocktails described to have benefi-
cial effects on the immunogenicity of DC used for immuno-
therapy [35-37, 39] (Fig. 4). The Lovgren cocktail clearly
excelled at IL-12 production, followed by the Zobywalski
cocktail, and OK432 + CL097. Compared to the Kalinski
cocktail, which gave varying results depending on the donor,
the OK432 cocktail produced similar amounts of IL-12. Sur-
prisingly, the effect of PGE, on reducing IL-12 secretion did
not seem to be dose-dependent (Supplementary Figure 3).

OK432-matured DC are superior at inducing
autologous T-cell proliferation

To determine the T-cell stimulatory capacity of the DC pop-
ulations, allogeneic and autologous MLR were performed.
For the autologous MLR, tuberculin was used as recall anti-
gen, as BCG vaccination was compulsory in Norway until
1995. The different DC populations were co-cultured with
either autologous (Fig. 5) or allogeneic (data not shown)
CFDA-SE-stained NAC, and fluorescence was analyzed
after 5 days. OK432-matured DC were superior at stimulat-
ing T-cell proliferation compared to ccDC with the addition
of PGE, increasing proliferation. The results suggest that
all DC populations were capable of stimulating T cells with
all mature DC populations inducing more proliferation than
iDC. The addition of OK432 and PGE, increased the prolif-
eration even further.
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Fig.3 OK432-stimulated DC secrete more cytokines relevant for
Thl cell stimulation. All OK432-matured DC had a significant
increase in IL-12p70 secretion compared to ccDC and iDC that was
further elevated with the addition of CL097, but decreased by PGE,.
The amount of IL-12p70 was reduced by the addition of PGE,, but
the cells still produced significantly more IL-12p70 than ccDC
(p<0.05). This pattern was also observed with RANTES/CCLS,
MIP-1a/CCL3 and MIP-1p /CCL4. IL-12p40 was highly elevated

0K432-matured DC are able to induce
antigen-specific T cells

To further elucidate antigen-specific T-cell induction, PPD-
specific CD4* and CD8™ T cells were quantified with an
IFN-y secretion assay. Both, DC stimulated with OK432,
CL097 and PGE, as well as Jonuleit cytokine cocktail-
matured DC were able to induce antigen-specific T cells
equally well (Fig. 6).

@ Springer

by the combination of OK432, CL097 and PGE,, albeit not statisti-
cally significant compared to other matured DC groups. IDC: imma-
ture DC; ccDC: DC matured with Jonuleit cytokine cocktail TNFa,
IL-6, IL-1B, and PGE,; OK432: DC matured with 0.1 KE/ml OK432;
0OK432+CL097: DC matured with 0.1 KE/ml OK432 and CL097;
OK432+CL097+PGE2: DC matured with 0.1 KE/ml OK432,
CL097, and 0.5 pg/ml PGE,. Each symbol represents a different
donor

Discussion

With cancer recurrence and metastasis being some of the
main challenges to overcome, the concept of immunotherapy
is believed to hold great potential in preventing postsurgi-
cal or radio/chemotherapeutic recurrence as well as being
capable of treating inoperable tumors. With several murine
studies showing the capability of the immune system to
induce tumor regression and long term protection [8—11],
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Fig.4 Increased IL-12p70 secretion by DC upon addition of TLR
ligand containing maturation cocktails. 3-day DC were matured with
different maturation cocktails containing TLR ligands: (i) Kalinski
cocktail [35]: TNF, IL-1pB, IFN-a, IFN-y, and polyl:C; (ii) Lovgren
cocktail [36]: TNF, IFN-y, R848, and polyl:C; (iii) Zobywalski cock-
tail [37]: TNF, IL-1p, IFN-y, PGE,, R848, and polyl:C. IDC: imma-
ture DC; ccDC: DC matured with Jonuleit cytokine cocktail TNFa,
IL-6, IL-1B, and PGE,; OK432: DC matured with 0.1 KE/ml OK432;
OK432+CL097: DC matured with 0.1 KE/ml OK432 and CL097;
OK432+CL097+PGE2: DC matured with 0.1 KE/ml OK432,
CL097, and 0.5 pg/ml PGE,. Each symbol represents a different
donor

the pursuit to find equivalent success in humans remains
relentless. The disappointing clinical trials using the gold
standard cytokine cocktail (TNF, IL-6, IL-1p, and PGE,)
instigated a search for a superior maturation cocktail for DC
cancer immunotherapy [6, 7].

The aim of this study was twofold: to reduce the time
used to generate moDC and to combine OK432 with a
TLR7/8 ligand and PGE, to stimulate the cells. As controls,
we used 3-day moDC stimulated with the Jonuleit cytokine
cocktail consisting of TNF, IL-6, IL-1f, and PGE,, OK432
alone, and OK432 in combination with CL097. While ccDC
have been shown to stimulate T cells [40], clinical trials
with them have been disappointing [7]. This is most likely
because of the lack of IL-12p70 secretion that is crucial for
Th1 differentiation from naive T cells [41].

The results of this study indicate that DC matured with a
combination of OK432 and CL097 provide an inflammatory
milieu and that all OK432 matured sample groups provide
a more inflammatory milieu compared to ccDC. Consider-
ing that IL-12p70 is very important for differentiation from
naive T cells to Th1 CD4* helper cells able to stimulate
effective CD8* cytotoxic cells [42, 43], OK432-matured DC
show high potential in cancer immunotherapy, even though
the cells produced less IL12-p70 compared to DC stimulated
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Fig.5 OK432-matured DC are superior at inducing T-cell prolifera-
tion. 2% 103 CFDA-SE-stained autologous NAC (PBMC depleted of
monocytes) were co-cultured with 5x10* DC matured with noted
stimuli for 5 days. Cells were measured for fluorescence intensity to
determine proliferation. OK432 stimulated DC induced more T-cell
proliferation than ccDC. IDC: immature DC; ccDC: DC matured with
Jonuleit cytokine cocktail TNFa, IL-6, IL-1pB, and PGE,; OK432:
DC matured with 0.1 KE/ml OK432; OK432+CL097: DC matured
with 0.1 KE/ml OK432 and CL097; OK432+CL097+PGE2: DC
matured with 0.1 KE/ml OK432, CL097 and 0.5 pg/ml PGE,. Each
symbol represents a different donor

with the Lovgren cocktail. However, they produced an
increased combination of inflammatory cytokines as well as
chemokines attracting lymphocytes and leukocytes [44, 45].

This study shows that DC matured with a combination
of OK432, TLR7/8 ligand CL097, and reduced amounts of
PGE, satisfy many of the criteria for an efficient DC vac-
cine: secretion of IL-12p70, low secretion of IL-10, high
expression of co-stimulatory molecules, chemotaxis towards
CCL19, and capability of stimulating antigen-specific T cells
in an autologous setting. The number of antigen-specific T
cells was similar compared to the Jonuleit cytokine cocktail
analyzed by IFN-y secretion and even increased when testing
in an autologous MLR using a recall antigen (tuberculin). To
be able to determine the suitability of the OK432 cocktail
for cancer immunotherapy, these results have to be verified
using tumor associated antigens in a future study. Interest-
ingly, despite using only half the amount of PGE, compared
to the Jonuleit cytokine cocktail, the expression of CCR7
was still higher than that of ccDC. However, chemotaxis
towards CCL19 was still reduced compared to ccDC mean-
ing that high CCR7 expression alone is not enough for strong
chemotaxis. The importance of PGE, in moDC chemotaxis
has been stressed by the investigations done by Luft et al.
[46], and in 2008, Yen et al.’s published data suggest the
ability of PGE, to up-regulate metalloproteinase-9 in DC
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Fig.6 OK432-matured DC are able to induce antigen-specific T
cells. Autologous NAC (PBMC depleted of monocytes) were co-
cultured with PPD-loaded DC matured with noted stimuli for 7
days, and antigen-specific IFN-gamma secretion by CD4+and
CD8+cells was analyzed by flow cytometry with ccDC as stimula-
tors (+/— PPD). In some experiments (donors 12-14), the induced

as being vital for their migratory capacity [47]. However, a
lower migratory capacity than ccDC should be acceptable
as long as the DC are capable of a Thl-oriented stimulus in
the lymph nodes [48].

One major difference of OK432-matured DC was the
clear reduction of the secretion of IL-8, primarily a neu-
trophil attractant chemokine and activator [49]. In terms of
immunotherapeutic applications, this trait can be viewed
as either positive or negative depending on the intended
purpose of the generated DC. While some studies focus on
the involvement of DC directly on tumors [50], the goal of
this study was to find migrating DC capable of stimulating
a Th1 response in lymph nodes. For this purpose, a lower
amount of secreted IL-8 can be looked upon as positive
due to neutrophil inhibition of T-cell proliferation through
their expression of PD-L1 [51, 52]. How big of a role IL-8
secreted from mature DC in lymph nodes has on T cells
should be further investigated to help future design of DC
maturation protocols.

With numerous studies involving OK432 stimulated
DC supporting the positive aspects [23, 27, 29, 30], it is
evident that OK432-matured DC are potential alternatives
to the Jonuleit cytokine cocktail. The increased cytokine
secretion induced by CL097 further enhanced desirable
traits of OK432-matured DC, and while PGE, is associ-
ated with undesirable effects, it is still the primary inducer
of migration towards CCL19. The combination of migra-
tory capacity, IL-12p70 secretion as well as other pro-
inflammatory cytokines along with a phenotype capable of
strong T-cell induction makes DC stimulated with OK432,

@ Springer

NAC were rested for 5 days prior to the IFN-g secretion assay. ccDC:
DC matured with Jonuleit cytokine cocktail TNFa, IL-6, IL-1p,
and PGE,; OK432+CL097+PGE2: DC matured with 0.1 KE/ml
OK432, CL097, and 0.5 ug/ml PGE,. Each symbol represents a dif-
ferent donor

in combination with CL097 and PGE,, a favourable candi-
date fulfilling the current proposed conditions for effective
DC cancer immunotherapy [20, 21].

In conclusion, the results from this study show most
promising aspects of OK432 cocktail-matured DC. This
cocktail consisting of OK432 combined with TLR7/8 ago-
nist and low concentrations of PGE, should, therefore, be
considered a possible base for future maturation cocktails
to be used in DC-based cancer immunotherapy.
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