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ABSTRACT

Treatment of Iy mphoma patierts with tumor-zpecific immunoglobulin (idiotype, 1d) coupled to
the immunogenic carrier protein kevhole limpet hemocyanin (ld-KLH) has shown promising
resuts in dinical trialz. Howewer, vaccines fail to elicit anti-ld immune resporees in some
patients, thus prompling the search for ways to improve the immunogenicity of [d-KLH
vaccines, Current |d vaccine trials wtilize tumor-specific Id proteins secreted by tumor-myeloma
hybridomas, o recombinant |d proteine produced in mammalian lymphoid cels, bacteria, o
inzect cellz. We now provide evidence that terminal mannoze carbobydrate structres,
characderiztic of recombinant proteine produced in inzect cdlzs, lead to Id proteins with
significantly enhanced immunostimulatory properties compared to |d proteins derived from
mammalian sowoes.  Monooyte-derived human dendritic cellz (DCs)l were incubated with
fluorescently labeled |d proteins produced in insect or mammalian cell cultwes. Insed cell-
derived |d demonstrated substartially higher hinding to DCs compared to the |d from a
mammalian source by flowe cytometry, and only the insect cell 1d shovwed reduced binding when
the DC= were preincubated with mannose receptor inhikitors. Theze results demonstrated that
the ireect cell-derived Id resuted in better targeting to DCs compared to the mammalian 1d.
When insect cal-derived Id praeins were cowpled to KLH using glutaraldebyde and co-cultured
with immature human DCs, increazed expression of CDE0 and CCRY wwaz observed by flow
cyvtometry, indicating DC maturation.  Upregulaion of these markers was blocked by pre-
treatment with anti-mannoze receptor antibody. 10 tumor therapy studes, mice with 4-day
egablizhed 420 murine B cell lvmphoma were treated with 3 wweskly injedtions of |d-KLH plus
GM-CSF and followwed for survival . A0 bearing mice treated with [d-KLH cortaining insect cell-
derived A20 [d dizplaved improved survival compared with mice treated with hybridoma-derived
A Id-kKLH (B1% ws. 46%, respectivelyl. Anti-ld antibodies aganst 220 mwrine B cell
Ivmphoma were assessed by ELISA followeing ld-KLH immunization.  Both insect and
mammalian sources of ld genarated similar levels of anti-Id antibodes, showing no impairment
in artibody responses due tothe differences in ghcoslvlation. Ani-A20 oytadoxic T Ivmphocyte
(CTL) activity was measured insplenic T cellz from ld-KLH-immunized mice. Here, induction of
cDer CTLz by insed cel-derived 220 |d-KLH was significantly greater than CTL induction
followwing immunization with hybridoma-derived 220 |d-KLH (~/=0.00611. To determine the
importance of the T cdl responze in A20 tumor killing /e wive, micewere depleted of CD4Y and
CDEY T cell subsetz, challenged with 20 tumor, and then waccinated 4 days later as in the
experiment above. Mice deplded of CDE*Y T cellz all succumbed to tumar demonstrating a
ctitical roe for CDEY T cellz in A20 tumor eradication.  Qur data comparing sources of
recombinant |d protein tumar antigens used in therapeutic cancer vaccines suggest that post-
trarzlaional modificdionz, namely terminal mannose residues, can significantly influence the
immunological propetties and eventual therapeutic efficacy of the product.

INTRODUCTION
+ Tumor-specific immunoglobulin {idiotype, 1d) can serve as a target for
the active immunotherapy of B cell kmphomas.

«Vaccination wath tumor-derved |d can elict tumor-specific anti-|d
antibodies, CO4" and CDE* T cells with anti-tumor effects.

+|d = conjugated to the immunogenic foreign carrier protein keyhole
limpet hemocyanin (KLH) via glutaraldehyde to boost immunogenicity.

«Vaccination of follicular ymphoma patients with [d-KLH has shown
promise in phase [fll clinical trial, and is now being studied in several
phase |l trials using |d proteins derived from tumor-myeloma hybrds
or recombinant sources produced in either mammalian or insect cells.

« Mitumprotimut-T  (Favld®, Specifid™, by Favrile, Inc.) is a novel
therapeutic Id vaccine product produced wia recombinant baculovirus
(BY) infection of insect cells.

+ Recombinant proteins produced in insect cells are reported to have
attered glycosylation patterns (terminal mannose residues) that may
contribute to immunogenicity, but direct comparisons of insect-derved
and mammalian-derived tumaor antigens are lacking.

+ Therefore, we sought to systematically compare the immunologic
properties of insect cell-derived vs. mammalian cell-derived |d proteins
in a murine B cel kmphoma model and in cultures of human antigen-
presenting dendritic cells.

Glycosylation Patterns of A20 Id Made in Insect Cells Vs.
Mammalian Cells
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Figure 1: Inzect and hybridoma derived 220 |d pedeins were analyzed by the clEF and CE
cabohyikate methods. Only insect cell-derived Id has a high content of terminal mannose
residues .

Therapeutic Lymphoma Idiotype Vaccine Generated in Insect Cells Results in Mannose Receptor Targeting and Enhanced Immune Activation
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Insect Derived ldiotype Proteins Bindto Mannose
Receptors on Human Dendritic Cells

A. Bindirg of FITC Labeled Insect (B or Hybridoma (Hyk) Detived Human oG Proteins
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B. Binding of FITC Laheled Ireect (BY) or Hybridoma (Hyhk) Derived A20 |d Praoteins
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C. Bindirg of Alexa 647 Labeled Insect (BYY or Hybridoma (Hyk) Derived 220 |d Proteins
HYB

Dextran

1=
Mannan 3

1 =
la] a a
A E4T

(=]
o0

EE

Control ¢ =
|QG Y s
¥ et
10" 4d w O W
Aldmm 54T A 54T FiTT

135

AntiMannose . =

L

Receptor * =
a

10 40 1@ 9 1d

Ao EdT

135
. u W
Cytochalsin D 7
I

[ !

T T, ST o T &

Mannan Treated

s Unstained

s BY-Alexa 647
Hyb-Alexa&47
DextranFITC

]
mess Control 196G Treated

mem Anti-Mannose Receptor Treated
weem Cytochalasin D Treated

Figure 2 A, DC hinding of FITC labeled KLH, hybridoma produced (Hyk) human g, and
inzect derived (BY) human 194G shovwed some hinding of KLH, but no bindng of human [gG
(Hyb). Human 1gG (BY) did showw a strong signal for binding to human DCs. B, 20 pg of Alexa
647 labeled murine £20 Id produced in BY or Hyb were used to stain monocyte derived human
DCz along with free Alexa. Insect derived Id shows substartially higher surface hinding
compared to hybridoma derived [d or unconjugated Alexa 647, €, 50 pg of BY derived 820 Id,
hybridoma derived 220 1d, or FITC-Dextran were used to stain human DCs inthe presence of
various irhibitors. Cellz were pretreaed for 20 minudes with 3 mg/ml of mannan, 20 pgrml of
cortral 195 blocking antibody, S0 pgfml of ani-mannose receptar blocking antibody, or 5 wg/ml
of cyvtochaaszin D The Hocking agens with the exception of cytochalasin D did not cause
decreszed hinding of the hybridoma derived [d. In contrast, the BY derived 420 1d protein and
the FITC-Dextran badhshowed decreazes in hinding inthe presence of all the warious inhikitor s,

Insect Derived ldiotype Enhances Upregulation of Human
Dendritic Cell Activation Markers
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Figure 3: Inzect derived Id proteins stimulate expression of DO activation markers aver that
zeen with hvbridoma-detived (Hybl 1d. The MFls for surface markers (&) CDS0 and (B.) CCRY
weer e bath sigrificantly upregulated with the BV -derived [d conjugates compared to Hyb-derived
conjugates. Unconiugated KLH alone showwed swrface marker levels similar to media alone
cortrols (daa not shoven). (G COE0 and (D) CCRY surface expression levels are represent ed
az MFI| of experimental zample § MFI of media alone.
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Blocking Mannose Receptor Inhibits the Upregulation of
Human Dendritic Cell Activation Markers
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Figure 4: Suwrface expression of COE0 and CCRY were evaluated after incubation with BY- or
Hyb-derived conjugates with or without pratreatment using S0 pogdml of anti-ME blocking
antibody. The BY-conjugate treded samples showed a marked decrease in suwrface expression

of both CDE0 and CCREY with anti-MRE pretred ment.
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Tumor Eradication is Superior with Use of Insect-Derived
A Idiotype and Maleimide Conjugation
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B. compaizon of BY v Hyb Derived Id Proteins
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C. Comparizon of Maleimide v Glitarddehyde Conjugated 1d Prateins
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Figure 5 A. Indvidual 220-KLH (B%] and (Hykl groups using each conjugation method
demonstrating the (BY) maleimide conjugates resulted inthe highest level of tumor eradication.
B. 2A20-KLH (BY) and (Hyb groups were pooled ta show enhancement of survival with insect
derived |d praeins. C. AZ20KLH maleimide and dutaraldelyde treated mice were pooled to
showy superiority of malal mide conjugated |d praeins compared to glutarddehyde conjugates.
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CD8* T Cells are Required for Tumor Eradication
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Figure 6: CDSt T cell are required for tumor eradication. 2 vaues represert comparizons
bhetween |d-KLH treded groups and HBSS unless datherwize indicated. The result shows a
clear dependence on CDE+ T cells.
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Insect Derived |d Enhances Cytolytic Activity
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Figure ¥: CD&*+ T cell are enhanced with insect derived Id prdeinz. Primed and boosted (2
immunizationzs) CTLs from spleen and Iymph nodes were used at an ET ratio of 1:1, both
showed significant lvsis compared to cortral. Additionally, the BY derived protein demonstrated
statistically better Iysiz compared to Hyb produced 1d.

FProduction of Anti-ldiotype Antibodies is not Hindered by
the Presence of Mannose Residues, and is Enhanced with
Maleimide Conjugation
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Figure 8: To evaluate the antibody responzes generated by AZ20-KLH (BY) and (Hyk
vaccinated mice were hled and the immune sera ani-1d artibody titers were determined by
ELISA (target antigen = native, hylbridoma-derived [d), using an A20 anti-ld monoclonal
antibocy as the standard. The BY derived |d proteins shoored no reduction in anti-1d antibody

tters, and the maleimide-conjugaed protein: shown almost doukle the levels of anti-ld
antibodies.

CONCLUSIONS
+ The insect cel-derived idiotype (Id) proteins showed &
mannose containing carbohydrate profile typical of antibodies
derived from an insect cell source.

Only insect cel-derived |d proteins demonstrated increased
binding to human dendntic cells wia the mannose receptor; the
binding of mammalian-derived (hybridoma) idiotype proteins
was low and did not change with the addition of mannose
receptor inhibitors.

+ |nsect cel-derived |d  proteins induced higher surface

expression of dendritic cell activation markers CDE0 and
CCREY than did mammalian-derived [d.

« Anti-mannose receptor antibodies could inhibit upregulation of
DC activation markers.

+ Vaccination of mice bearing A20 B cell lvmphoma with insect
cel-derived [d protein resulted in a higher proportion of
survivors compared to hybrndoma-derived |d (61% ws 49%),
and conjugation to KLH using maleimide further enhanced the
anti-tumor efficacy over the traditional glutaraldehbyde method.

« D8 T cells were critical for eradication of 220 lymphoma,
and T cells primed with insect cell-denved Id showed
enhanced tumor cylotoxicity.

+ [nsect celkderived |d protein did not reduce the generation of
anti-idiotype antibodies compared hybrndoma-denved protein.

+ Maleimide-conjugated |d-KLH, either insect or hybridoma-
derived, generated approximately 2-fold higher anti-idiotype
antibody titers compared to glutaraldehyde conjugates.

« Compared to mammalian cell-derived 1d proteins, production
of recombinant |d proteins wia a baculovirus-insect cell system
results in a structurally  different antigen wiath improwved
Immunogenicity, and this may lead to improved efficacy of the
final [d-KLH vaccine product.

MATERIALS & METHODS

Froduction of 820 K proteins: Mammalian 220 |d protein (lgG2a, «)was afinitypunied fom culture media ofa
tumor-myeloma cell hybridoma. Recombinant 220 1d was produced by cloning the A20 3 heaw and light wariable
regions into 3 baculovins expression wector and infection of Highd insect cells. MHucledtide sequences ofthe tumoaor
hybnd and recombinart H genes wer identical. Carbohydrate aralysis demonstrated a typical MN-linked
glycosylation pattemn frthe mammalian-denwed M, but characten stic temminal mannose residues on the insect-
derivwe protein (data not shown.
B ctivation of OCs with Id'®LH Preparatons: mmature OC wer incubated in growth media alone or with S0
pa/ml of A2 00KLH (B or A2Z00KELH (Hyb ) or 42 hours, Monoclonal anti-mannose receptor antibody at 50 pgdmil
was added at the start of culture. Cells were harwested, and s@ined with FITC [abeled anti-human CCRF, PE
labeled anti-human CLCE0, TC labeled anti-human CO45, and AP C labeled anti-human CO14 monoclonal
antibodies, and fixed in 4% PFA©r dow cytometnc analysis.
Brirnal Studies: Groups of 12 BALBSS mice w ere inoculated subcutaneoushywith 1410% 220 calls on day 0. hdice
were aecirgted on days 4, 11, and 18 with 50 pg A20-KLH (B%) or AZ0-KLH (Hyb), conjugated with either
maleimide or glutaraldehyde, BEach waccingtion included 4 consecutive days of 56 ng GM-C5F given in the same
location. hlice were =zacrficed when tumors reached 1.4 cmoin diameter, per insttutional protocol. For T cell
depletion studies, animals were injected i p. with anti- CCE or anti- C04 antibodies, or control At 196G on daws &, -5,
-4, 0, and weekly thereater, and depletions confrmed by dow cytometny. To esaluate the antibody msponses
generated by A20-KLH (B%) and { Hyb) waccingted mice groups of 4 BALBA mice were \ccingted on days 4, 11,
and 18 with 50 pg A2Z0-KLH (B%) or A20-KLH (Hyb)), conjugated with either maleimide (Betting e¢ a!, Blood
108(117%:146 3, 2006, fll manuscipt submitted) or glutaraldehyde. Each waccination included 4 consecutiwe days of
&b ng GM-C5F giwven in the zame site. Mice were bleed 10 days ater3rd waccination.
rti-1d ELISA : Frab), AZD hybridoma [d)was cogted onto Nune mmunosarp plates at 5 pg/ml in carbonate bufier
owemight at 4=C. Plates wer washed and blocked with 5% non-fat doy milk, washed, ard se@ zenally diluted
along with an 220 anti-1d sandard 166 (mouse BG11and incubated f©or1 hour 3t mom tempe Eture, washed, and
gqoat anti-mouse G (g speciic)-HRP secondary detector antibody was added.  Plates were washed, and
deweloped with ABTS.
Generation of CTL: Post-waccine spleen and hymph nodes were harwested and pooled from indiwdual mice and
made into single cell suspensions. Cells were cutured for § days with Mitomycin Ctregted A20 tumor cells. A the
end of culture cells were purided Wa centrifugation in Hstopagque. Live cells were counted and phenctyped to
enumerate total number of survivng CO2'COE' Teells by Fow. 10° recowered cells were co-incubated with 10°
0275 labeled A20 cells in 1 ml of 5% FCS/RPMImedia ©or 3 hours at 37 C. 20 gl of Plwas added to each sample
and cells were assessed immediately by Flow. Percent lysis was calculated by the % of PI'O275' AZD target
cellsotal LTS A20 targets.
Marmose Receptor Staining f Blocking: For human gGs, immature monocyte-dervvwed human OCs were
incubated with 100 ng of FITC conjugated human IgG, KLH, or insect cell pmoduced human monoclonal gG1
antibody in the presence of 5% nomal human serum ©or 20 minges gt 4°C.  Calls were then washead twice in
staining bufferand analyzed by 1ow cytometny. Cells culured in @sence of added FITC conjugated protein serwed
as a negative control. Munne A20 H thybrdoma or insect cell-denwed) was labeled with Alexa 647 at equal molar
ratios and S0 pg usedto stain human OCs ©or 2 hours at 37eCin R with 10% FCS5and 1 PBS. The cells were
washed 3 in ice cold FACS buffer and analyz ed by 1ow cytometry. Some cells were also pretreated with warous
blocking agents for 20 minutes at 37°Cto ewaluate the afiects on binding to mannose receptors on the cell surface.
Freparation of Immatue Homan OCs: Adherent PBR C were cultured in 2% human seramdRPMI media with 10
ng/ml recombinant human [L-4 and 50 ngdml of Ghi-C5F. Cells were incubated #or a further § daws with 3 S0%
cytokine media change eweny other day,



