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A. ALGEMENE GEGEVENS
A1, Titel van de aanvraag:

A.2.

A.3.

A4,

Vaccinatie met naakt nucleinezuur coderend voor xenogenetisch humaan tyrosinase
voor de inductie van specificke afweer tegen melanoma ceilen bij de hond.

Geef een korte inhoudelijke beschrijving van de aanvraag.

Maligne melanoom is een redelijk frequent voorkomende spontane en agressieve
tumor bi} de hond. Ondanks agressieve lokale behandeling (chirurgie en
radiotherapie) worden vaak metastasen op afstand gevonden. De tumorcellen zZijn
veelal ongevoelig voor chemotherapie. in de afgelopen jaren is vooruitgang geboekt
voor wat betreft overlevingsduur bij honden met gemetastaseerd melanoom in de VS
door deze te vaccineren met een DNA vaccin dat humaan tyrosinase, een melanoom
-specifiek enzym, tot expressie brengt. Het gebruikte vaccin is inmiddels
goedgekeurd door de FDA en beschikbaar op de Amerikaanse markt.

Het academisch dierenziekenhuis van het departement Geneeskunde van
Gezelschapsdieren van de faculteit Diergeneeskunde in Utrecht wil in een pilot
behandelingsstudie met door eigenaren gehouden honden (patiénten) ervaring
opdoen met procedures en randvoorwaarden voor het ontwikkelen en toepassen van
DPNA vaccins. Nevendoel is dat in de nabije toekomst onderzoek kan worden
geinitieerd naar gentherapie van andere chemoresistente tumoren bij
gezelschapsdieren.

Geef een korte beschrijving van de voorgenomen werkzaamheden.

Vergunning wordt aangevraagd voor opslag en toedienen van een DNA vaccin dat
commercieel beschikbaar wordt gesteld. Patiénten zuilen tijdens het toedienen
verblijven in een ingeperkte ruimte die voldoet aan de DM-II inrichtingseisen.
Vervolgens zal bij een goede conditie het dier worden ontslagen en medisch worden
gevolgd. Afval zal volgens de standaard protocollen voor het werken met GGO'’s
worden afgevoerd.

Beoogde einddatum:

In de proefperiode zal ervaring worden opgedaan met 10 honden. Per jaar worden
enkele patiénten behandeld waardoor het behandel en ontwikkeltraject voor DNA
vaccins een periode van ongeveer 5 jaar zal beslaan. Bij behandeling van de
beoogde 10 honden binnen deze periode zal de evaluatie van het gehele project
eerder plaatsvinden en worden afgerond.

DOEL VAN DE INTRODUCTIE IN HET MILIEU

A5,

A.6.

Algemeen doel van de werkzaamheden die worden aangevraagd:
Behandelen van patiénten met en het ontwikkelen van DNA vaccins tegen
chemoresistente tumoren bij de hond.

Specifiek doel van de werkzaamheden die worden aangevraagd:
Evaluatie van de klinische effectiviteit van DNA vaccinatie bi] honden met
gemetastaseerd melanoom.
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VERGUNNINGAANVRAGER

A.8. Rechtspersoon:
Universiteit Utrecht

A.9. Afdeling/vakgroep:
Faculteit Diergeneeskunde
Departement Geneeskunde van Gezelschapsdieren

A.10. Correspondentieadres:
Yalelaan 104

A.11.  Postcode en plaatsnaam:
3 3584 CM Utrecht

A.12. Telefoonnummer:
030-2531709
VERANTWOORDELIJK MEDEWERKERS (VM)

VERANTWOORDELIJK MEDEWERKER VOOR WERKZAAMHEDEN ANDERS DAN DE
VETERINAIRE TOEPASSING VAN HET GGO (VM-I)

A.13.  Titel, voorletter, voorvoegsel, achternaam:
Dr.Ir. J.A. Mol

A.14.  Instelling/bedrijf:
Faculteit Diergeneeskunde, Universiteit Utrecht

A5, Afdeling/vakgroep:
Departement Geneeskunde van Gezelschapsdieren

A.16. Correspondentieadres:

AA1T7. Postcode en plaatsnaam:

A.18. Telefoon- en faxnummer:

A.19. E-mail adres:
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VERANTWOORDELIJK MEDEWERKER VOOR DE VETERINAIRE TOEPASSING VAN HET
GGO (VM-I))

A.20, Titel, voorletter, voorvoegsel, achternaam:
Prof. Dr. J. Kirpensteijn

A.21. Instefling/bedrijf:
Faculteit Diergeneeskunde, Universiteit Utrecht

A.22. Afdeling/vakgroep:
Departement Geneeskunde van Gezelschapsdieren

A.23. Correspondentieadres:

A.24. Postcode en plaatsnaam:

A.25. Telefoon- en faxnummer:

A.26. E-mail adres:

MILIEUVEILIGHEIDSFUNCTIONARIS {(MVF)

A.27. Titel, voorietter, voorvoegsel, achternaam:
Mw. Ing. M.G.J. Schmitz Dr. P.T. Odinot

A.28. Instelling/bedrijf:
Faculteit Diergeneeskunde, Universiteit Utrecht Bestuursdienst UU

A.29. Afdeling/vakgroep:

Arbo, Milieu en Huisvestingbeheer Taakgroep Veiligheid en Milieu
A.30. Correspondentieadres:
L R
A.31, Postcode en plaatshaam:
L S
A.32. Telefoonnummer:
R U
A.33. E-mail adres:
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PLAATS VAN UITVOERING

A.27. Op welke locaties wordt de voorgenomen toepassing uitgevoerd:

Toediening van het DNA vaccin za! plaats vinden in het dierenverblijf (voldoet aan de
DM-l inrichtingseisen) van de kliniek voor Gezelschapsdieren, Yalelaan 108.

Detectie van piasmide DNA zal worden verricht op het onderzoeksiaboratorium (ML-
) van het Departement Geneeskunde van Gezelschapsdieren, Yalelaan 104.

Het vaccin wordt geimporteerd onder de verantwoordelijkheid van de apotheek van
de faculteit Diergeneeskunde; Mevr. .M. van Geijlswijk, Hoofd apotheek, Yalelaan
106, 3584 CM Utrecht.
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ONDERTEKENING

Namens de Rechtsperso datum , _

Naam: * 5 /%5 i/ 4-2-20/0

Dr. P.T. Odinot J&;‘M;>

MVF datum -
Naam: /-2 Zoto

Mw. Ing. M.G.J. Schmitz

- oYM (niet veterinaire toepassing) datum
=~Naam: o L { 2000
Dr. Ir. J.A. Mol , , 28-
= ] j .If : "
VM Il (veterinaire toepassing) datum
Naam: S
Prof. Dr. J. !@rpgp‘ste;ln- o e VA < W T
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B.1.

B.4.

B.4A1.

B.4.2.

B.4.3.

Beschrijving van het genetisch gemodificeerde organisme

Geef aan waaruit het genetisch gemodificeerde organisme dat aan de proefdier
wordt toegediend bestaat.
0 Naakt nucleinezuur (onderdeel B.4.)

NAAKT NUCLEINEZUUR

Bevat het nucleinezuur sequenties van virale oorsprong die een interactie
kunnen aangaan met genomen van autonoom replicerende virussen of andere
micro-organismen.

Het plasmide bevat een CMV promoter afkomstig van het cytomegalie virus. CMV is
een herpesvirus dat voornamelijk via de orale en seksuele route wordt overgedragen.
De aanwezigheid van dit virus bij honden is uiterst onwaarschijnlijk. Gezien de wijze
van toediening is het pING plasmide alleen transient aanwezig in spiercellen en
mogelijk enige huidcellen op de plaats van injectie.

De kans dat het plasmide in aanraking komt darmbacterién is eveneens zeer laag.
Indien dit al gebeurd heeft opname van het plasmide, in de afwezigheid van
kanamycine, geen groeivoordeel voor de darmbacterie en zal dus niet gehandhaafd
worden en zal dit tot verlies van het plasmide leiden.

Geef een beschrijving van het genetisch gemodificeerde nucleinezuur dat
wordt toegepast.

Het plasmide (zie B.4.3.) bevat een ColE1 ori (origin of replication) die er voor zorgt
dat het plasmide alleen in bacterién van de familie Enferobacteriaceae kan repliceren
en gehandhaafd blijft,

Daarnaast is een virale CMV promoter aanwezig.

Het plasmide brengt een humaan tyrosinase eiwit tot expressie. Tyrosinase
katalyseert de omzetting van tyrosine naar het huidpigment melanine in huidcellen. In
maligne melanoom komt het tyrosinase eveneens tot expressie. Door immunisatie
met xenogenetisch tyrosinase, in dit geval afkomstig van de mens, wordt een
immuunreactie opgewekt tegen endogeen honden tyrosinase waardoor het
immuunsysteem maligne melanoom cellen gaat herkennen en zai verwijderen.

Geef een schematische Kol casselle_ . on
weergave (‘kaart’) en een ' '
beschrijving van de opbouw
van het genetisch
gemodificeerde
nucleinezuur.

- GV Bxon 1
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C.

MILIEUGERELATEERDE GEGEVENS AFKOMSTI!G UIT EERDERE
EXPERIMENTEN

cA.

Geef een beschrijving van de resultaten welke afkomstig zijn uit eerdere
studies met het GGO, en die van belang zijn voor de milieurisicobeoordeling.

Sinds 2000 tot heden is het genoemde vaccin al bij meer dan 1500 honden

toegepast in de Verenigde Staten. Op grond van deze studies werd geconcludeerd

dat DNA vaccinatie met het humaan tyrosinase construct:

1. Veilig is

2. Specifieke anti-tyrosinase immuunreacties oproept

3. Potentieel therapeutisch is met opvailend positieve resultaten in honden met
stage I/l lokaal-regionaal gecontroleerde ziekte

4. Een aantrekkelijke kandidaat is voor verdere evaluatie in een adjuvante setting
als Phase Il studie

Artikelen van relevante literatuur worden gegeven in de bijlage.

Tevens is bijgesioten de risicoanalyse zoals die gemaakt is voor registratie in de VS
voor zover het geen vertrouwelijke informatie bevat van de producent Merial Inc.

Inmiddels is na de conditionele licentie in 2007 op grond van voornoemde studies
een volledige licentie afgegeven in 2009 door de USDA (United States Department of
Agriculture).

http://Mmww fiercevaccines.com/story/vical-heralds-regulatory-approval-melanoma-
vax-d¢ogs/2010-01-12
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D. PRODUCTIE VAN HET GGO OF NUCLEINEZUUR PREPARAAT
D.1. Geef aan onder welke verantwoordelijkheid productie van het GGO of
nucleinezuur preparaat wordt uitgevoerd.
De productie vindt plaats door Merial Inc. In de Verenigde Staten.
Zie bijgesloten document over de risicoanalyse.
D.2. In welke stappen van de productie vindt kwaliteitscontrole plaats, welke
testmethoden worden gebruikt en hoe worden de tests uitgevoerd.
Zie bijgesioten document over de risicoanalyse.
D.3. Welke criteria worden aan een batch van het GGO gesteld voordat deze wordt

vrijgegeven voor de onderhavige toepassing.

Zie bijgesloten document over de risicoanalyse.
Verdere kwaliteitsbewaking vindt plaats door de apotheek van de faculteit
Diergeneeskunde, in overleg met het CBG (college ter beoordeling van

geneesmiddelen) te Wageningen (www.cbg-med.nl). .
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E.

ASPECTEN BEHOREND BIlJ DE VETERINAIRE TRIAL

E.1.

E.2.

E.3.

E.4.

E.5.

Hoeveel proefdieren zulien opgenomen worden in het onderzoek.

Het betreft een pilot onderzoek waarbij het middel alleen wordt toegediend bij dieren
die uitbehandeld zijn met de tot nu toe ter beschikking staande middelen, en serieus
liiden wordt voorkomen dit ter becordeling van de veterinaire specialist. In de
komende periode worden maximaal 10 dieren voorzien waarna de behandeling zal
worden geévalueerd.

Welke doses worden toegediend en op welke tijdstippen gedurende de studie
vindt toediening plaats.

Honden ontvangen een transdermale/intramusculaire vaccinatie met 500 ug
plasmide DNA. Dieren worden 2x week gevaccineerd tot een maximum van 4
injecties.

Op welke wijze wordt het GGO preparaat aan het proefdier toegediend.
Plasmide DNA wordt transdermaal/intramusculair toegediend via een naaldvrij
Biojector2000 systeem. De Bioinjector brengt de vioeistof onder CO2 druk in, is
goedgekeurd door de FDA voor het toedienen van intramusculaire injecties en
gebruikt voor DNA vaccinaties (zie referenties).

Aguiar, J. C., R. C. Hedstrom, et al. (2001). "Enhancement of the immune response in rabbits to a
malaria DNA vaccine by immunization with a needle-free jet device." Vaccine 20(1-2). 275-80.
Williams, J., L. Fox-Leyva, et al. (2000). "Hepatitis A vaccine administration: comparison between jet-

injector and needie injection." Vaccine 18(18): 1938-43.

Toediening vindt plaats in een dierenstal die voldoet aan de DM-II inrichtingseisen
van het departement Geneeskunde van Gezelschapsdieren door daartoe bevoegd
personeel. Eventueel vrij gekomen plasmide in de omgeving, inclusief mogelike
vioeistof op de huid van de hond zal worden afgenomen, gedecontamineerd en als
biologisch afval worden afgevoerd.

Worden er monsters van het proefdier genomen die GGO’s (kunnen) bevatten,
en welke tests worden hiermee uitgevoerd.

Er worden geen spierbiopten of andere monsters genomen. Indien om welke reden
ook bloedmonsters van het dier nodig zijn binnen 24 uur, dan zullen die op
aanwezigheid van plasmide DNA worden gecontroleerd. De kans dat het plasmide
DNA, anders dan in vrije vorm, in circulerende cellen zai zitten wordt nihil geacht.

Worden de proefdieren in isolatie gehouden of komen de proefdieren na
behandeling met het GGO in contact met dieren die geen deel uitmaken van de
onderhavige studie. Welke criteria worden gehanteerd voor het al dan niet
implementeren van iscolatie maatregelen. .

Toediening vindt plaats in een geisoleerde ruimte waarbij geen contact met andere
dieren kan plaatsvinden. Het risico dat het plasmide intact wordt uitgescheiden is
zeer onwaarschijnlijk, temeer daar het plasmide zichzelf niet kan repliceren in het
doeldier. Er zijn geen verdere isolatiemaatregelen noodzakelijk.
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RISICO-ANALYSE

F.2.

F.3.

F.4.

Geef aan volgens welk scenario het genetisch gemodificeerde organisme en/of
een afgeleide van het nucleinezuur preparaat zich vanuit het proefdier-kan
verspreiden in het milieu.

Na toediening van het plasmide wordt het deels opgenomen door splercellen waar
het zal leiden tot productie van humaan Tyrosinase. Het plasmide kan zichzelf echter
niet repliceren.

Het plasmide dat aanwezig is in de bloedbaan zal daaruit verwijderd worden naar
urine en feces. In het bloed en de darm wordt het vrije plasmide DNA door: ..
endonucleases afgebroken. Het risico van opname door darmbacterién is uiterst
gering en leidt zeker niet tot een groeivoordeel. Reden waarom eventueel. .

-opgenomen plasmide snel weer verwijderd zal worden uit de darmflora. Zelfs als het
-plasmide intact zou worden uitgescheiden is de opname door bodem bacteﬁén Zeer
-onwaarschijnlijk.

De kleine patiénten populatie draagt bij aan het lage risico op verspreldlng. Aan de
hand van het pilot onderzoek wordt een schatting gemaakt van de patiénten

aantallen op jaarbasis. Hiema wordt de aanvraag opnieuw ingediend.

Geef aan welke mogelijke nadelige effecten gepaard kunnen gaan mot

- blootsteiling van mens of milieu aan het GGO.

Omdat het plasmide zichzelf niet kan repliceren zal afgifte in het milieu wtelst gerlng
zijn. Mocht het plasmide in het milieu terecht komen dan zijn de kansen dat et wordt
opgenomen door bodem bacterién laag. -

Opname van het plasmide door betrokken medewerkers is zeer onwaarschlfniuk In
de ruimte wordt gepaste kledmg gedragen en morsen van injectie vioeistof zal direct
worden gedecontamineerd. Overigens zal productie van humaan tyrosinase bij de
mens, mede gezien de ervaring van het toedienen van homoloog tyrosinase aan de
muis, niet leiden tot een immuunreactie door de homologe aard van het tyrosinase.

Geef een inschatting van de kans dat de in F.2. beschreven nadelige effecten
ook daadwerkel;]k kunnen optreden.

Inmiddels is bij 1500 dieren over een periode van 9 jaar in de Verenigde: Steten dit
vaccin toegepast en is er geen melding gemaakt van enig nadelig effect. Op grond
hiervan en van bovenstaande argumenten is de kans dat nadelige effecten optreden
daarom uiterst onwaarschijnlijk te noemen.

Daarbij gaat het hier in Nederland om een pilot studie waarbij maximaal 10 dieren
behandeld zullen worden. Als dieren uit de trial worden teruggetrokken zal dat geen
additionele risico’s geven.

Beschrijf de risico’s die op kunnen treden ten gevolge van de toapudng van
het GGO.

In principe ontstaan alleen getransfecteerde spmoellen in de patiént. Om afle risico’s
van initiéle verspreldlng van het plasmide terug te dringen zal de vaccinatie:daartoe
plaats vinden in een dierenstal die voldoet aan de‘inrichtinseisen van een DM-II
ruimte. Niet opgenomen op de huid aanwezig: plasmrde DNA zal worden. vem;derd
gedecontamineerd en als biologisch afval worden behandeid.

10
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G.1.

G.2.

G.3.

G.4.

G.5.

G.6.

G. RISICO MANAGEMENT

Welke criteria worden gehanteerd bij de selectie van proefdieren. En wat is het
effect van deze criteria op de milieuveiligheid.

Het vaccin wordt alleen toegediend aan patiénten waarvoor chirurgie of bestraling
geen optie is en waarbij serieus lijden, dit ter beoordeling van de veterinaire
specialist, aanwezig is. De aantallen dieren die hierdoor in aanmerking komen voor
behandeling zullen derhalve gering zijn en slechts enkele op jaarbasis bedragen.
Hiermee worden mens en milieu dus cok minimaal belast.

Welke beperking van de omvang van de studie, in relatie tot het aantal
proefdieren en de toe te passen dosering wordt toegepast in het kader van
risico management maatregelen.

Zie G.1 :

Beschrijf welke maatregelen voorzien zijn ten aanzien van isolatie van het
proefdier.
De patiént wordt in een aparte ruimte, geisoleerd behandeld.

Beschrijf welke maatregelen worden getroffen om verspreiding van het GGO
naar derden (waaronder bij de studie en de proefdieren hetrokken personeel) te
voorkomen.

Betrokken personeel ontvangt allereerst instructie alvorens toegelaten te worden tot
de DM-I faciliteit.

Ter plekke wordt beschermende kleding gedragen en handschoenen.

Na vaccinatie wordt gecontroleerd op de aanwezigheid van plasmide oplossing op of
rond het dier.

Beschrijf welke maatregelen worden getroffen om verspreiding van het GGO
naar derden (waaronder bij de studie en de proefdieren betrokken personeel) te
voorkomen indien er sprake is van onverwachte gebeurtenissen zoals
bijvoorbeeld ook de dood van een proefdier.

Het zonder naald toedienen van het vaccin verminderd het risico op prik accidenten.
Door beschermende kleding en handschoenen wordt blootstelling van medewerkers
voorkomen. Dieren worden behandeld door daartoe opgeleide dierverzorgers
getraind in het voorkomen van bijt en krabincidenten (Zie ook F2).

Bij patiénten die na behandeling overlijden zal het ingebrachte plasmide net als het
diereigen DNA door endogene nucleasen worden afgebroken.

Diereigenaren zullen tijdens de behandeling niet aanwezig zijn zodat die geen risico
lopen.

Beschrijf van welke monsters verwacht kan worden dat zij GGO’s kunnen
bevatten, en geef voor die monsters aan hoe bemonstering plaatsvindt, en hoe
de monsters verder worden verwerkt.

Van de dieren wordt een bloedmonster genomen. In principe komt hierin alleen vrij
plasmide voor. Uit het monster zal DNA worden geisoleerd voor de bepaling van de
aanwezigheid van plasmide.

11
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H.

MONITORING EN AFVALVERWERKING

H.1.

H.2.

H.3.

H.4.

Op welke wijze wordt het GGO preparaat gedetecteerd na de toedieniﬂg
Standaard PCR techniek op humaan tyrosinase

Beschrijf hoe de monitoring wordt opgezet om eventuele verspreiding van het
GGO waar te kunnen nemen.

Het DNA plasmide is niet infectieus en kan zichzelf ook niet repliceren in het doeldier.
De kans dat er GGO's worden uitgescheiden is uiterst onwaarschijnlijk.

Geef een overzicht van de aard en hoeveelhsid van het geproduceerdo afval en
beschrijf hoe het afval wordt afgevoerd.

Alle bij de injectie betrokken middelen zullen als biclogisch afval worden afgevoerd of
worden geautoclaveerd alvorens opnieuw te worden gebruikt. De afvalstroom bevat
voornamelijk vrij plasmide DNA. Eventuele tijdens het verblijf in de DM-Hl ruimte
geproduceerde excreta worden eveneens als biologisch afval aangemerkt: en als
zodanig worden afgevoerd.

Beschrijf welke maatregelen gehanteerd worden om verspreiding van het
genetisch gemodificeerd organisme te voorkomen.
Behandeling van patiénten vindt plaats in een specifieke ruimte.

12
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Abstract

Pyrpose: Canine malignant melanoma (CMM) is a
spontaneous, aggressive, and metastatic neopiasm. Preclin-
ical mouse studies have shown that xenogeneic DNA vacci-
nation with genes encoding tyrosinase family members can
induce antibedy and cytotoxic T-cell responses, resulting in
tumor rejection, These studies provided the rationale for a
trial of xenogentic DNA vaccination in CMM using the
human tyrosinase gene.

Experimental Design: Three cohorts of three dogs each
with advanced (WHO stage II, ITI, or IV} CMM received
four biweekly i.m. injections {(dose levels 100, 500, or 1500
ug, respectively/vaccination) of human tyrosinase plasmid
DNA i.m. via the Biojector2000 delivery device.

Results: Mild local reactions at injection sites were the
only toxicities ebserved, with no signs of auteimmunity. One
dog with stage IV disease had a complete clinical response in
muitiple lung metastases for 329 days. Two dogs with stage

Received 10/11/02; accepted 12/6/02.

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to
indicate this fact.

! Supported, in part, by NIH Granis PO1 CA33049, POI CA59350, and
RO1 CA56821 and by Swim across America, Mr. and Mrs. Quentin J.
Kennedy Fund, Bioject, Inc., and Maerial, Ltd,

? To whom requests for reprints should be addressed, at The E&M Bobst
Hospital of the Animai Medical Center, 510 East 62™ Street, New York,
NY, 10021. Phone: (212)329-8674; Fax: (212) 702-0971; E-mail:
Philip.betgman@amcny.org,

3 Present address: Animal Diagnostic & Referral Clinic, 4444 Trinity
Mills Road, Dallas, TX 75287.

* Present address: University of Nlinois, Veterinary Clinical Medicine,
1008 West Hazelwood Drive, Urbana, [IL 61802,

3 Present address: Cornell University, Clinical Sciences NYS-CVM,
Box 31, T3-008A VRT, Ithaca, NY 14853.

IV disease had long-term survivals (421 and 588+ days) in
the face of significant bulky metastatic disease, and two
other dogs with locally controlled stage II/III disease had
long-term survivals (501 and 496 days) with no evidence of
melanoma on necropsy. Four other dogs were euthanized
because of progression of the primary tumor. The Kaplan-
Meier median survival time for all nine dogs was 389 days.

Conclusions: The resulis of this trial demonstrate that
xenogeneic DNA vaccination of dogs with advanced malig-
nant melanoma is a safe and potentially therapeutic modal-
ity. On the basis of these results, additional evaluation of this
povel therapeutic is warranted in locally controlled CMM
and advanced human melanoma.

Introduction

CMME of the oral cavity, nail bed, foot pad, and mucocu-
taneous junction is a spontancously occurring, highly apgres-
sive, and frequently metastatic neoplasm (1-4), CMM is a
relatively common diagnosis representing ~4% of all caning
tumors, and it is the most common oral tumeor in the dog (3, 5,
6). CMM and advanced HM are diseases that are initially treated
with aggressive local therapies, including surgery and/or frac-
tionated radiation therapy, however, systemic metastatic disease
is a commeon sequela (1, 3, 7). Also, CMM and HM are che-
moresistant neoplasms (8-10). On the basis of these similarities,
CMM is a good clinical model for evaluating new treatments for
advanced HM (11).

Canine patients with advanced disease (WHO stage 11, U,
or IV) have a reported median ST of <5 months with aggressive
local excision (1-3). Human patients with deep American Joint
Committee on Cancer stage I or stage III disease (locally
advanced or regional lymph node involvement) have at least a
50% chance of recurrence afier surgical resection; patients with
stage IV melanoma (distant metastases) have a median survival
of <10 months, and most of these patients eventually die of
melanoma (9, 12). Standard systemic therapy is dacarbazine
chemotherapy in HM and carboplatin chemotherapy in CMM
(8, 10). Unfortunately, response rates to chemotherapy in hu-
mans or dogs with advanced melanoma range from 8 to 28%
with little evidence that treatment improves survival (§-10). It
is evident that new approaches to this disease are desperately
needed.

Active immunotherapy in the form of vaccines represents
one potential therapeutic strategy for melanoma. The advent of
DNA vaccination circumvents some of the previously encoun-

¢ The abbreviations used are: CMM, caning malignant melanoma; ST,
survival time; HM, human melanoma; CR, complete response;, PR,
partial response; PD, progressive disease; ANA, antinuclear antibody;
LDH, lactaie dehydrogenase.
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tered hurdles in vaccine development (13, 14). DNA is rela-
tively inexpensive and simple to purify in large quantity. The
antigen of interest is cloned into a bacterial expression plasmid
with a constitutively active promoter. The plasmid is introduced
into the skin or muscle with an intradermal or im. injection.
Ouce in the skin or muscle, professional antigen-presenting
cells, particularly dendritic cells, are able to present the tran-
scribed and translated antigen in the proper context of MHC and
costimulatory molecules. The bacterial and plasmid DNA itself
contains immunostimulaiory sequences that may act as a potent
immunological adjuvant in the immune response (15, 16). In
clinical trials for infectious disease, DNA immunization has
been shown to be safe and effective in inducing immune re-
sponses to malaria and HIV (17, 18). Although DNA vaccines
have induced immune responses to viral proteins, vaccinating
against tissue-specific self-proteins on cancer cells is clearly a
more difficult problem. One way to induce immunity against a
tigsue-specific differentiation antigen on cancer cells is to vac-
cinate with xenogeneic antigen or DNA that is homologous to
the cancer antigen (19), It has been shown that vaccination of
mice with DNA encoding cancer differentiation antigens is
ineffective when seif-DNA is used, but effective tumor immu-
nity can be induced by orthologous DNA from another species
(20).

We have chosen to target defined melanoma differentiation
antigens of the tyrosinase family. Tyrosinase is a miclanosomal
glycoprotein, essential in melanin synthesis. The full-length
human tyrosinase gene was shown to consist of five exons and
was localized to chromosome 11qi4-q21 (21). Immunization
with xenogeneic human DNA encoding tyrosinase family pro-
teins induced antibodies and cytotoxic T cells against syngeneic
B16 melanoma cells in C57BL/6 mice, but immunization with
mouse tyrosinase-related DNA did not induce detectable immu-
nity {22). In particular, xenogeneic DNA vaccination induced
tumor protection from syngeneic melanoma challenge and au-
toimmune hypopigmentation (23, 24). Thus, xenogeneic DNA
vaccination could break telerance against a self-tumor differen-
tiation antigen, inducing antibody, T-cell, and antitumor re-
sponses. Sequence identity between partially sequenced canine
tyrosinase (284 bp) and human tyrosinase (1888 bp) is 91% (GI
6513592 and GI 37508, respectively).

In this study, we demonstrate that human tyrosinase DNA
vaccination of dogs with advanced malignant mefanoma is safe
and potentially active, warranting additional xenogeneic DNA
vaccine investigations as Phase II studies in CMM and Phase I
studies for HM.

Materials and Methods

Patient Population. From April 2000 to Decernber
2000, nine dogs with previously histologically cotifirmed spon-
taneous malignant melanoma were treated with xenogeneic hu-
" man tyrosinase DNA vaccination. Pretrial evaluation included
complete physical examination, a coniplete blood count and
platelet count, serum chemistry profile, urinalysis, LDH, anti-
nuclear antibody, and three-dimensional measurements of the
primary tumor if present {or maximal tumor size from medical
records if patient was treated before pretrial considerations). For
evaluation of metastatic disease, 3-view radiographs of the

Table ! Vaccine treatment and evaluation schedule

Weeks

Pretveatment 0 2 4 6 8
Vacgine® X X X X
Serology/PBMC’s X X X X
Chest X-rays X X X
Physical exam X X X X X X
CBC, Bigchem Prof, LDH, X X X

anti-DNA antibody (ANA)

“100, 500, and 1500 pg DNA dose levels.

thorax were obtained, and regional lymph nodes were evaluated
with fine needle aspiration/cytology and/or biopsy/histopathol-
ogy. AH dogs were clinically staged according to the WHO
staging system of stage I (umors 2-4 cm diameter, negative
nodes), stage 111 (tumor > 4 cm and/or positive nodes) or stage
IV (distant metastatic disease). The numbers of previous treat-
ments with surgery, radiation, and/or chemotherapy were re-
corded. Dogs with WHO stage II (high grade), III, or IV
histologically confirmed malignant melanoma were allowed en-
trance onto the study because of the lack of effective available
systemic treatments. Additional entry criteria included an esti-
mated life expectaricy of =6 weeks, free of clinically detectable
brain metastases, no previous therapy (surgery, radiation and/or
chemotherapy) for at least 3 weeks, and no serious intercurrent
medical illnesses. Writien consent for entry onto: this trial was
obtained from each dog’s owner before entry onto the study; this
consent included request for necropsy upon death because of
any reason. This study was performed under Animal Medical
Center Institutional Review Board approval.

Trial Design., Cohorts of three dogs each received in-
creasing doses of xenogencic plasmid DNA encoding human
tyrosinase i.m. (100, 500, and 1500 pg/dose for each dose fevel)
biweekly for a total of four vaccinations in the left semimem-
branosus/semitendinosus muscle (caudal thighy region with the
Biojector 2000 jet delivery device with no. 3 (im.) Bioject
syringes. The Biojector2000 is a carbon. dioxide-powered jet
delivery device, which is Food and Drug Administration ap-
proved for administration of i.m. injections and has been used in
DNA vaccine clinical investigations (25, 26), Subjective pain
level responses and postvaccinal presence of a wheal or other
reaction were assessed and recorded by the veterinarian admin-
istering the DNA vaccination. The dogs did not receive any
concomitant treatments during the course of vaccination. Clin-
ical safety patient rules were written such that the first dog in a
new dose escalation group could not be entered until 2 weeks
after the third dog from the previous dose group. level received
vaccisation no. 1 without any subsequent evidence of serious
toxicity. If any grade 1T or IV toxicities were noted, the size of
the cohorf of those dogs would be expanded for better delinea-
tion-of the maximaily tolerated dose. A schematic of the proto-
col is presented in Table 1.

Vaccine Information. Human tyrosinase cDNA was
previously cloned and sequenced at Memorial Sloan-Kettering
Cancer Center (21). The DNA has been inserted in the pING
plasmid vector, which contains a cytomegaiovirus promoter and
kanamycin resistance selection marker. The vaccine was pro-
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Fig. I Plasmid map of pING plasmid used for generation of human
tyrosinase DNA vaccine given to nine dopgs with advanced malignant
melanoma.

duced and released from the Gene Transfer and Somatic Cell
Engineering Facility at the Memorial Sloan-Kettering Cancer
Center with permission from the United States Department of
Agriculture. A schematic of the pING plasmid vector is pre-
sented in Fig. 1.

Clinical Response and Follow-Up Evaltuations. The
following criteria for antitumor effect were used: CR = disap-
pearance of all clinical evidence of tumor on physical exami-
nation, radiographic examination, and biochemical evaluation
for at least 1 month; PR = =50% decrease on physical and
radiographic examination of the summed products of the per-
pendicular diameters of all measured lesions, stable disease =
<50% decrease or <25% increase on physical and radiographic
exams of the summed products of the perpendicular diameters
of all measured lesions; or PD = =25% increase on physical
and radiographic examination of the summed products of the
perpendicular diameters of all measured lesions. After the fifth
visit, 2 weeks after the fourth vaccination, serial rechecks with
antitumor response evaluations continued to be performed as
thinicatly indicated on an every 30— 60-day interval. Historical
abnormalities and problems found on physical examination
were investigated as clinically indicated at each recheck visit. In
addition, recheck evaluations continued as long as clinically
necessary to determine ST for each dog. When requested by the
dog’s owner because of degradations in quality of life from
advanced disease, euthanasia was performed with subsequent
necropsy examination, A full necropsy was performed on all
dogs that died or were euthanized with particular examination
(gross and histopathological) of the primary tumor site, meta-
static sites, lefi semimembranosus/semitendinosus vaccination
site, and eyes.

Statistical Analysis. ST was defined as the time from
receiving first xenogeneic human tyrosinase DNA vaccination
until death. Median survival was calculated using the Kaplan-
Meier product limit method using Statview statistical analysis
software (27). Because of the limited number of cases evaluated
in this Phage [ clinical trial, appropriate nonparametric statistical
testing (e.g., Mann-Whitney U test, Spearman rank correlation,
and so on) was used. All recorded variables {age, gender, neuter

status, breed, weight, concurrent disease status, concutrent dis-
ease type, previous treatment, previous treatment type, number
of previous treatments, and pain score) after each vaccination
{none, mild, moderate, and severe), and toxicity from vaccina-
tion, ANA titer, change in ANA titer postvaccination, LDH
level prevaccination, LDH level postvaccination, ST, survival
censor, follow-up time, primary tamor location, WHO stage at
diagnosis, WHO stage prevaccination, response at 2 week post-
vaceination, response at 6 months postvaccination, melanotic
versus amelanotic malignant melanoma primary tumor, and
DNA dose were evaluated when available for their effect on ST
with Kaplan-Meier life table analysis and Cox proportional
hazards analysis when appropriate. Dogs were censored if they
were lost to follow-up or died because of disease other than
malignant melanoma. In addition, all recorded variables were
evaluated statistically for potential correlations and associations.
To be evaluated for survival statistic purposes, dogs must have
received at least three vaccinations; however, toxicity would be
evaluated from dogs after entrance onto the trizl independent of
the number of vaccines received. A two-tailed P of <0.05 was
considered statistically significant.

Results

Patient Demographies. The median age of the nine dogs
receiving human tyrosinase DNA vaccination was 13 years
{mean, 12 years; range, 9-14 years). The median weight was 13
kg (mean, 22 kg; range, 3.6-61 kg.). There were three spayed
females, five castrated males, and one intact male dog. There
were three mixed breed dogs, two Cocker Spaniels, and one
each Siberian husky, Lhasa apso, Bichon frise, and German
shepherd dog. All nine dogs received prior therapy before en-
trance onto the trial; seven dogs had a single previous surgery,
wo dogs had muliiple previous surgeries, and three dogs re-
ceived prior radiation therapy. Five dogs had primary malignant
melanoma in the oral cavity, whereas three dogs had nail bed or
footpad malignant melanoma, and one dog had an intraccular
high-grade malignant melanoma treated with exenteration, Us-
ing a modified WHOQ staging scheme (3}, four dogs had stage IV
disease, two dogs had stage IIl disease, and three dogs had
high-grade stage 1I disease. All nin¢ dogs had a histological
diagnosis of melanotic malignant melanoma verified by a vet-
erinary pathologist. All nine dogs received all four biweekly
vaccinations. Three dogs had concurrent nonmelanoma diseases
but were still eligible for clinical trial; the concurrent discases
included histopathologically confirmed liver dysplasia, der-
matopathy, and glaucoma. Table 2 presents an overview of the
patient characteristics.

Toxicity. A total of 36 vaccinations were given to the
nine dogs on this trial. Three, 26, and 7 vaccinations were
subjectively assessed to have moderate, mild, and zero pain
responses, respectively (Table 3). Immediately after vaccina-
tion, the injection site had at most a minimal to mild wheal with
no other local toxicity subsequently noted. No systemic toxicity
as assessed by physical examination, hematopathology, or se-
rum chemistry was noted throughout the trial and on subsequent
serial examinations after vaccinations were completed. One
patient had an abnormally elevated LDH before vaccination that
returned to normal after completion of four vaccinations. One
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Table 2 Pafient characteristics

DNA Local mmor  Response  Response gt Survival
Dog dose Weight Age WHO control before at2 week last recheck  time  Cause of
no.  {(pg) Breed (lbs.} Gender (yr) stage vaccine recheck or death (days) death
1 100  Mixed 8 Femmle nevtered 14 n No PD PD 57 ’ 1°
2 100  Siberian husky 67  Male neutered 12 v No CR PD 389 1b
3 100 Bichon frise 18  Male neutered 13 I Yes NED* NED 496 2
4 500 Lhasa apso 21 Male neutered 13 i No PD PD 96 1
5 500 German shepherd 130 Male neutered g v No PD PD 421 3
6 500 Cocker spaniel 27 Female nentered 13 11 No PD PD 54 1
7 1500 Mixed 59  Female newtered 13 i Yes NED NED 501 4
8 1500 Cocker 29 Male nentered 12 v No PD PD 126 1
9 1500 Mixed 80  Male intact 9 v No SD PD 538+ Alive

“ Cause of death: 1, progressive local disease; b, concomitant sepsis;
4, befatocellujar carcinoma.
Response: NED, No evidence of disease; SD, stable disease.

2, hyperadrenocorticism complications; 3, progressive metastatic discase;

Table 3 Toxicities

DNA dose/vaccination Pain score = (7 Pain score = 1 Pain score = 2 Local toxicity Systemic toxicity
100 pg 0 11 1 None None
500 pg 3 7 2 None Nonie
1500 pg 0 8 4 None None

“ Pain score 0 = none; pain score 1 = mild; pain score 2 = moderate.

patient had an abnormally elevated LDH after cornpletion of the
four vaccinations; this patient was diagnosed with liver dyspla-
sia before entrance into the study and died with a ST of 501 days
of hepatocellular carcinoma. For patients entering the trial with
normal ANA titers (n = 3), there were no subsequent abnormal
resuits. For those patients entering the trial with baseline abnor-
mally elevated ANA titers (r = 4), there was no subsequent
increase in ANA titers during or afier the vaccination protocol,
All dogs that died or were euthanatized had complete necropsies
performed with particular attention and examination (gross and
histopathological) of the primary tamor site, metastatic sites,
previously vaccinated region, and the eyes. No toxicity was
noted, except for two dogs having a mild pleocellular inflam-
matory infiltrate in the s.c. and i.m. regions of the vaccination
site.

Response. Response data are shown in Table 2. At the
[atest evaluation, there was one stage IV dog alive (588+ days)
with stable disease on this trial. This dog has an unchanged,
solitary 4-cm pulmonary lesion that was confirmed. to be mei-
anoma via ultrasound-guided fine needle aspiraie and cytolog-
ical examination before entrance on the trial. One stage TV dog
had a long-term stabilization of disease for 196 days with
significant bulky pulmonary metastases. After experiencing PD,
this dog went on to receive additional xenogeneic DNA vac-
cines (mouse tyroginase-related protein 1/gp75 and then later
murine tyrosinase) in subsequent clinical trials and was euthana-
tized at 421 days (28).

One stage I1I dog was alive for 496 days and was euthana-
tized because of complications from pituitary-dependent hy-
peradrenocorticism and was found to be free of any gross and
histopathological evidence of melanoma on necropsy. An addi-
tional stage TII dog was alive for 501 days and was euthanized
becanse of complications from a subsequent hepatocetular ad-

enocarcinoma (dog with histopathologically confirmed liver
dysplasia before entrance onto study) and was found to be free
of any gross or histopathological evidence of melanoma on
necropsy. Both of these dogs were censored on Kaplan-Meier
survival statistics at 496 and 501 days, respectively.

One stage I'V dog had a CR 2 weeks after the fourth DNA
vaccination that was durable for 329 days. This dog continued to
have PD (increasing size of pulmonary metastases on thoracic
radiographs) while being vaccinated; however, theracic radio-
graphs at the time of the fourth vaccination showed mild-
moderate scalloping of the pulmonary metastases. Two weeks
after the fourth vaccination, the pulmonary métastases disap-
peared with a subsequent long-term CR (Fig. 2). In clinical
trials, cancer vaccines can take ~4—8 weegks or more to induce
celtular and humoral immune responses and months for clinical
responses (29, 30). The one dog experiencing a long-term CR
fits into this temporal model of response. This dog evenmally
was euthanized because of complications from acute sepsis and
was found to have a recurrent 2-cm malignant melanoma in the
caudal pharynx ~3-cm caudal to the site of the original oral
primary malignant melanoma. No evidence of the previously
radiographically documented pulmonary metastases was found
on gross and histopathological necropsy examination. Because
of the presence of recurrent oral malignant melanoma, this dog
was not censored and considered to be dead possibly because of
melanoms, aithough there was no clinical evidence linking
systemic sepsis to the local melanoma recurrenee.

The Kaplan-Meier median ST for all nine dogs is 389 days
(Fig. 3). No dogs were lost to follow-up, and.the median
follow-up time iz 389 days, suggesting adequate data matura-
tion. Two dogs were enthanatized at the 2-week recheck afier
the fowrth vaccination because of progressive local disease. All
four dogs with STs < 130 days were euthanized because of
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Fig. 2 Detail photographs of lateral chest radiographs from dog no, 2
(12-year-o0ld neutered male Siberian husky; stage [V disease) placed on
trial, Top panel: lateral chest radiograph before DNA vaceination doc-
umenting evidence of pulmonary metastases (mote arrows). Bottom
panel: lateral chest radiograph from same dog in top panel showing
complete resolution of puimonary metastases after four 100-pg human
tyrosinase DNA vaccinations. The dog's complete response lasted for
329 days.

local tumot progression and not becanse of quality of life
implications from metastatic disease. All four of these dogs did
tiot have primary tumor control before entrance onto the study.

None of the recorded variables had a statistically signifi-
cant association or effect on ST, likely because of the small
number of patients. For association evaluation of continuous
variables, a positive correlation was found for age and LDH
level postvaccination (Kendall rank correlation; £ = 0.0333),
and a negative correlation was found for age and weight (Spear-
man rank correlation; P = 0.0113). For association evaluation
of continuous and nominal variables, a positive association was
found between increased LDH posivaccination and female gen-
der (Mann-Whitney U/ test; P = (.0201) as well as increased
LDH prevaccination and no previous radiation therapy (Mann-
Whitney I/ test; P = 0.0389). Statistically significant positive
associations were found for the presence of a perivaccinal pain
response between vaccination nos. 2 and 3, vaccination nos. 2
and 4, and vaccinations nos. 3 and 4 (x% P = 0.0111, P =
0.0111, P = 0.0027, respectively).
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Fig. 3 Kaplan-Meier survival curve for nine dogs with advanced ma-
lighant melanoma treated with four biweekly xenogeneic human tyro-
sinase vaccinations. Kaplan-Meier median survival time is 389 days.
Time as shown on X-axis is in days, and three dogs are censored at 496,
501, and 588 days.

Discussion

This clinical trial was designed to determine the safety and
efficacy of xenogeneic DNA vaccination in advanced CMM.
From the results of this study, we can conclude that xenogeneic
human tyrosinase DNA vaccination of dogs is: (a) safe, based
on minimal focal toxicity and a lack of systemic toxicity; and ()
potentially cfficacious, based on clinical antitumor responses
and remarkably prolonged median STs. Historical Kaplan-Meier
tedian STs for dogs with WHO stage II malignant melanoma
treated with surgery is =5 menths, and dogs with WHO stage III
or IV have median STs of =2-3 months (2, 3, 31). The median
ST of dogs treated with xenogeneic human tyrosinase DNA
vaccination found in this study is 389 days, supporting clinical
efficacy, These data warrant additional clinical evaluations in
both CMM and HM.

Vaccine strategies to date in CMM have either used autol-
ogous mmor cell vaccines (with or without transfection with
immunostimulatory cytokines), allogeneic twmor cell vaccines
transfected with interleukin 2, or a bacterial super-antigen ap-
proach with granulocyte macrophage colony-stimulating factor
or interleukin 2 as immune adjuvants (31-35). Although these
approaches have produced clinical antitumor responses, the
methodology for the generation of these vaccines is time con-
suming, sometimes dependent on patient tumor samples being
established into cell lines, and fraught with the difficulties of
consistency, reproducibility, and other quality control issues.
Kenogeneic DNA vaccines are relatively easy to produce, inex-
pensive, break tolerance, and induce antitumor responses in
mouse systems. In addition, DNA vaccines can induce both
cellular and humoral immunity, and this combined immunity
may be more effective than either arm alone. Importantly, the
results of this study show that the xenogeneic mode] can be
extrapolated to CMM as we belicve this is the first report of
xenogeneic DNA vaccination in spontaneous cancer. This study
emphasizes how spontaneous caning Cancers serve as an impor-
tant bridge between preclinical studies in mounse model systems
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and clinical trials in humans with cancer and additionally sup-
ports the synergy of collaborations between veterinary and
human cancer centers.

It is believed that immunotherapy holds the most promise
for cancer patients with minimal residual disease (24, 29, 36).
The results of this trial suppott this long-heid premise as cases
of CMM without local turnor control before vaccination had STs
ranging from 54 to 126 days (n = 4), whereas those dogs with
good local tumor control via radical surgery and/or coarse
fractionation radiation therapy (7} and no eviderce of metastasis
at the start of vaccination (n = 2) had STs of 496 and 501 days
with both cases having no gross or histopathological evidence of
melanoma at death. These data in addition to the aforementioned
prolongation of median ST when compared with historical con-
trols strongly argue for Phase II xenogencic DNA vaccine
investigations in locally controlied but not grossly metastatic
CMM and HM settings.

Carboplatin is presently the therapy of choice for late-stage
CMM; however, response rates arg poor and predominately
consist of shott-tern PRs with a median PR time of only 156
days (10). The results of this trial using xenogeneic human
tyrosinase DNA vaccination in CMM appear to be substantially
superior to carboplatin based on the lack of toxicity and in-
creased median STs noted in this trial. In summary, we propose
that xenogeneic tyrosinase DNA vaccination may be an effec-
tive treatment for stage [I-TV CMM after locoregional control of
primary tumor growth, presumably through inhibiting progres-
sion of metastases (and perhaps through therapeutic effects on
established metastases in occasional patients).

CMM of the oral cavity, digit/footpad, and raucocutaneous
junction appears clinically similar to aggressive HM because
both diseases are chemoresistant, radioresistant, and share sim-
ilar metastatic phenotypes and site selectivity. Importantly,
CMM is a spontaneoiis syngeneic cancer occurring in outbred,
immune-competent large mammals that live in the same envi-
ronment that humans do, For these reasons, we believe CMM is
a more clinically faithful therapeutic model for HM when com-
pared with the more traditional mouse systerms, and further use
of CMM as a therapeutic model for HM is strongly encouraged.
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Abstract

Introduction: Canine malignant melanoma (CMM) is an aggressive neoplasm treated with surgery and/or fractionated RT; however, metastatic
disease is common and chemoresistant. Preclinical and clinical studies by our laboratory and others have shown that xenogeneic DNA
vaccination with tyrosinase family members can produce immune responses resulting in tumor rejection or protection and prolongation of
survival. These studies provided the impetus for development of a xenogeneic DNA vaccine program in CMM.

Materials and Methods: Cohorts of three dogs each received increasing doses of xenogeneic plasmid DNA encoding either human tyrosi-
nase (huTyr; 100/500/1500 meg), murine GP75 (muGP75; 100/500/1500 meg), murine tyrosinase (muTyr; 5 dogs each at 100/500 meg),
muTyr + HuGM-CSF (9 dogs at 50meg muTyr, 3 dogs each at 100/400/300 mcg HuGM-CSF, or 3 dogs each at 50meg muTyr with
100/400/800 mcg HuGM-CSF), or 50 mcg MuTyr intramuscularly biweekly for a total of four vaccinations.

Resuits: The Kaplan—Meier median survival time (KM MST) for all stage II-TV dogs treated with huTyr, muGP75 and muTyr are 389, 153
and 224 days, respectively. Preliminarily, thie KM MST for stage II-IV dogs treated with 50 mcg MuTyr, 10(/400/800 mcg HuGM-CSF or
combination MuTyr/HuGM-CSF are 242, 148 and 402 (median not reached) days, respectively. Thirty-three stage II-III dogs with loco-
regionally controlled CMM across the xenogeneic vaccine studies have a KM MST of 569 days. Minimal to mild pain was noted on vaccination
and one dog experienced vitiligo. We have recently investigated antibody responses in dogs vaccinated with HuTyr and found 2- to 5-fold
increases in circulating antibodies to human tyrosinase.

Conclusions: The results of these trials demonstrate that xenogeneic DNA vaccination in CMM: (1) is safe, (2) leads to the development
of anti-tyrosinase antibodies, (3) is potentially therapeutic, and (4) is an attractive candidate for further evaluation in an adjuvant, minimal
residual disease Phase II setting for CMM.

© 2005 Elsevier Lid. All rights reserved.

Keywords: Melanoma; DNA vaccine; Xenogeneic; Canine; Comparative oncology

1. Introduction

Canine malignant melanoma (CMM) of the oral cav-
ity, nail bed, foot pad and mucocutaneous junction is a
spontaneously occurring, highly aggressive and frequently
metastatic neoplasm [1]. CMM is a relatively common diag-
nosis representing ~4% of all canine tumors and it is the most

* Corresponding author. Tel.: +1 212 329 8674; fax: +1 212 702 (971.
E-mail address: philip.bergman @amcny.org (P.J. Bergman).

0264-410X/$ — see front matter © 2005 Elsevier Lid. All rights reserved.
doi:10.1016/j.vaccine.2005.08.027

common oral tumor in the dog [1,2]. CMM and advanced
human melanoma (HM) are diseases that are initially treated
with aggressive local therapies including surgery andfor frac-
tionated radiation therapy; however, systemic metastatic dis-
easeis acommon sequela [1,3-7]. Based on these similarities,
CMM appears to be a good clinical model for evaluating new
treatments for advanced HM.

Canine patients with advanced disease (WHO stage II,
I or IV) have a reported median survival time of 1-5
months with standardized therapies [1,2,4]. A combination of
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hypofractionated radiation therapy and chemotherapy have a
reported median survival time of 1 year in stage I oral CMM
[8]. Human patients with deep ATJCC stage I or stage III dis-
ease (locally advanced or regional lymph node involvement)
have at least a 50% chance of recurrence after surgical resec-
tion; patients with stage IV melanoma (distant metastases)
have a median survival of less than 10 months and most of
these patients eventually die of melanoma [7,9,10]. Standard
systemic therapy is dacarbazine chemotherapy in HM, and
carboplatin chemotherapy in CMM. Unfortunately, response
rates to chemotherapy in humans or dogs with advanced
melanoma range from 8 to 28% with little evidence that treat-
ment improves survival [11-13]. It is easily evident that new
approaches to this disease are desperately needed and multi-
ple methodologies have been reported to date [14-21],

Active immunotherapy in the form of vaccines represents
one potential therapeutic strategy for melanoma. The advent
of DNA vaccination circumvents some of the previously
encountered hurdles in vaccine development. DNA is rel-
atively inexpensive and simple to purify in large quantity.
The antigen of interest is cloned into a bacterial expression
plasmid with a constitutively active promoter. The plasmid
is introduced into the skin or muscle with an intradermal or
intramuscular injection. Once in the skin or muscle, profes-
sional antigen presenting cells, particularly dendritic cells,
are able to present the transcribed and translated antigen in
the proper context of major histocoimpatibility complex and
costimulatory molecules. The bacterial and plasmid DNA
itself contains immunostimulatory sequences that may act as
a potent immunological adjuvant in the immune response.
In clinical trials for infectious disease, DNA immunijza-
tion has been shown to be safe and effective in inducing
immune responses to malaria and human immunodeficiency
virus [22,23]. Although DNA vaccines have induced immune
responses to viral proteins, vaccinating against tissue specific
self-proteins on cancer celis is clearly a more difficult prob-
lem. One way to induce immunity against z tissue specific
differentiation antigen on cancer cells is to vaccinate with
xenogeneic antigen or DNA that is homologous to the can-
cer antigen. It has been shown that vaccination of mice with
DNA encoding cancer differentiation antigens is ineffective
when self-DNA is used, but tumor immunity can be induced
by orthologous DNA from another species [24,25].

We have chosen to target defined melanoma. differen-
tiation antigens of the tyrosinase family. Tyrosinase is a
melanosomal glycoprotein, essential in melanin synthesis.
The full length human tyrosinase gene was shown to consist
of five exons and was localized to chromosome 11q14-q21
[26]. Immunization with xenogeneic human DNA encoding
tyrosinase family proteins induced antibodies and cytotoxic
T-cells against syngeneic B16 melanoma cells in C57BL/6
mice, but immunization with mouse tyrosinase-related DNA
did not induce detectable immumity [24.27]. In particular,
xenogeneic DNA vaccination induced tumor protection from
syngeneic melanoma challenge and sutoimmune hypopig-
mentation [28]. Thus, xenogeneic DNA vaccination could

break tolerance against a self tumor differentiation antigen,
inducing antibody, T-cell and anti-tamor responses.

2. Experimental design

From April 2000 to present, approximately 170 dogs with
previously histologically confirmed spontaneous malignant
melanoma were treated with xenogeneic DNA vaccinations.
Pre-trial evaluation included complete physical examination,
a complete blood count and platelet count, serum chem-
istry profile, urinalysis, lactate dehydrogenase, anti-nuclear
antibody, and three-dimensional measurements of the pri-
mary tumor if present (or maximal tamor size from medical
records if patient was treated prior to pre-trial considera-
tions).. For evaluation of metastatic disease, 3-view radio-
graphs of the thorax were obtained and regional lymph
rodes were evaluated with fine needle aspiration/cytology
and/or biopsy/histopathology. All dogs were clinically staged
according to the WHO staging system of stage II (tumors
2-4cm diameter, negative nodes), stage HI (tumor>4cm
and/or pogitive nodes) or stage IV (distant metastatic disease).
The numbers of previous treatments with surgery, radiation
and/or chemotherapy were recorded. Dogs with WHO stage
11, IMT or IV histologically confirmed maligriant melanoma
were aliowed entrance onto the study due to the lack of effec-
tive available systemic treatments. Additional eniry criteria
included: an estimated life expectancy of 6 weeks or more,
free of clinically detectable brain metastases, no previous
therapy (surgery, radiation and/or chemotherapy) for at least
3 weeks and no serious intercurrent medical illnesses. Written
consent for entry onto this trial was obtained from each dog’s
owner prior to entry onto the study; this consent included
request for necropsy upon death due to any reason. These
studies were performed under Animal Medical Center IRB
approval.

Cohorts of three dogs each received increasing doses of
xenogeneic plasmid DNA encoding either human tyrosinase
(huTyr; 100, 500 or 1500 meg), murine GP75 (muGP75; 100,
500 or 1500 meg), murine tyrosinase {muTyr; 5dogs at 100 or
500 meg each), or muTyr = HaGM-CSF (nine dogs at 50 meg
muTyr, three dogs each at 100, 400 or 800mcg HuGM-
CSF, or three dogs each at 50 mcg muTyr with 100, 400 or
800 meg HuGM-CSF) intramuscularly biweekly for a total
of four vaccinations in the left caudal thigh with the Biojec-
tor 2000 jet delivery device with #3 (intramuscular) Bioject
syringes. The Biojector2000 is a carbon dicxide powered jet
delivery device which is FDA approved for administration of
intramuscular injections and has been used in DNA vaccine
clinical investigations. At present, dogs are receiving 50 meg
muTyr as outlined above except with the Vitajet spring-loaded
needle-free injection device. Subjective pain level responses
and post-vaccinal presence of a wheal or other reaction were
assessed and recorded by the veterinarian administering the
DNA vaccination. The dogs did not receive any concomitant
treatients during the course of vaccination.
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3. Results

The signalments of dogs on this study have been similar
to those in previously reported CMM studies. No toxicity
was seen in any dogs receiving the aforementioned vaccines
with the exception of minimal to mild pain responses at
vaccination, one muGP75 dog experienced mild aural depig-
mentation, and one muTyr dog has experienced moderate foot
pad vitiligo. Thirty-three dogs fit the sub-category of stages
II-II1 loco-regionally controlled CMM across the xenogeneic
vaccine studies. The Kaplan-Meier (KM) median survival
time (MST) for this sub-population is 569 days with 25/33
dogs still alive. The KM MST for all stages II-TV dogs
treated with huTyr, muGP75 and muTyr are 389, 153 and
224 days, respectively. The KM MST for stage II-IV dogs
treated with 50 mcg muTyr, 100/400/800 mcg HuGM-CSF
or combination muTyr/HuGM-CSF are 242, 148 and >402
days, respectively (median not reached, 7/9 dogs still alive).
The results from dogs vaccinated with huTyr were published
in 2003 [29].

4. Development of specific anti-tyrosinase humoral
immune responses

We have recently begun investigating the humoral
responses of dogs receiving HuTyr as a potential explana-
tion for the long-term survivals seen in some of the dogs
on this study. Utilizing standard ELISA with mammalian
expressed purified human tyrosinase protein as the target
of interest (kind gift of C. Andreoni & J.C. Audonnet,
Merial, Inc.), we have preliminarily found 3/9 dogs with 2-
to 5-fold post-vaccinal humoral responses compared to pre-
immune sera. We are confirming these findings utilizing a
flow-cytometric-based assay of pre- and post-vaccinal sera
in permeabilized human SK-MEL melanoma cells express-
ing endogenous human tyrosinase and a canine melanoma
cell line expressing endogenous canine tyrosinase (kind gift
of Dr. L. Wolfe, Auburn University). Interestingly, the three
dogs with post-vaccinal anti-HuTyr humoral responses are
dogs with unexpected long-term tumer control. Additional
studies are ongoing investigating the humoral responses from
dogs on the other xenogeneic DNA vaccines as well as T-cell
based assays utilizing ELISPOT and intracellular cytokine
staining assays.

5. Conclusions

The results of these trials demonstrate that xenogeneic
DNA vaccination in CMM is: (1) safe, (2) develops spe-
cific anti-tyrosinase humoral immune responses, (3) poten-
tially therapeutic with particularly exciting results in stage
I/MIT local-regional controlled disease and dogs receiving
muTyr/HuGM-CSF combination, and (4) an atiractive can-
didate for further evaluation in an adjuvant, minimal resid-

val disease Phase II setting for CMM., In addition, CMM
is a more clinically faithful therapeutic model for HM
when compared to more traditional mouse systems as both
human and canine diseases are chemoresistant, radioresis-
tant, share similar metastatic phenotypes/site selectivity, and
occur spontaneousty in an outbred, immuno-competent sce-
nario. Similarly, this work shows that veterinary cancer cen-
ters and human cancer centers can work productively together
to benefit veterinary and human patients afflicted with cancer.
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Melanoma is the most common oral malignancy in the dog. Oral and/or mucosal melanoma has
been routinely considered an extremely malignant tumor with a high degree of local invasive-
ness and high metastatic propensity. Primary tumor size has been found to be extremely
prognostic. The World Health Organization staging scheme for dogs with oral melanoma is
based on size, with stage | = <2.cm-diameter tumor, stage Il = 2- to <4-cm-diameter tumor,
stage Ill = =4-cm tumor and/or lymph node metastasis, and stage IV = distant metastasis.
Median survival times for dogs with oral melanoma treated with surgery are approximately 17
to 18, 5 to 6, and 3 months with stage |, ll, and lll disease, respectively. Significant negative
prognostic factors include stage, size, evidence of metastasis, and a variety of histologic
criteria. Standardized treatments such as surgery, coarse-fractionation radiation therapy, and
chemotherapy have afforded minimal to modest stage-dependent clinical benefits and death is
usually due to systemic metastasis. Numerous immunotherapeutic strategies have been em-
ployed to date with limited clinical efficacy; however, the use of xenogeneic DNA vaccines may
represent a leap forward in clinical efficacy. Oral melanoma is a spontaneous syngeneic cancer
occurring in outbred, immunocompetent dogs and appears to be a more clinically faithful
therapeutic model for human melanoma; further use of canine melancma as a therapeutic
model for human melanoma is strongly encouraged. In addition, the development of an
expanded but clinically relevant staging system incorporating the aforementioned prognostic
factors is also strongly encouraged.

Clin Tech Small Anim Pract 22:55-60 © 2007 Elsevier Inc. All rights reserved.

KEYWORDS melanoma, oral melanoma, malignant melanoma, surgery, radiation therapy,
chemotherapy, immunotherapy, xenogeneic DNA vaccination

he most common oral malignancy in the dog is

melanoma.* Oral melanoma is most commonly seen
in Scottish terriers, golden retrievers, poodles, and dachs-
hunds.?? Oral melanoma is primarily a disease of older dogs
without gender predilection but may be seen in younger
dogs.*7 Melanomas in dogs have extremely diverse biologic
behaviors depending on a variety of factors. A greater under-
standing of these factors significantly helps the clinician to
delineate in advance the appropriate staging, prognosis, and
treatments. The primary factors that determine the biologic
behavior of an oral melanoma in a dog are site, size, stage, and
histelogic parameters.>® Unfortunately, even with an under-
standing of all of these factors, there are melanomas that have
an unreliable biologic behavior, hence, the desperate need for
additional research into this relatively common, heteroge-
neous, but frequently extremely malignant, tumor. Molecu-
lar biological aspects of melanoma have been previously re-
viewed 1911 This article will assume the diagnosis of
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melanoma has already been made, which in of itself can be
fraught with difficulty, and will focus on the aforementioned
biologic behavior parameters, the staging, and the treatment
of canine oral melanoma.

Biologic Behavior

The biologic behavior of canine oral melanoma is extremely
variable and best characterized on the basis of anatomic site,
size, stage, and histelogic parameters. On divergent ends of
the spectrum would be a 0.5-cm haired-skin melanoma with
an extremely low grade and likely to be cured with simple
surgical extirpation, in comparison to a 5.0-cm high-grade
malignant oral melanoma with a poor to grave prognosis.
Similar to the development of a raticnal staging, prognostic,
and therapeutic plan for any tumor, two primary questions
must be answered: what is the local invasiveness of the tumor
and what is the metastaric propensity? The answers to these
questions will determine the prognosis, and to be discussed
later, the treatment.

Site

The anatomic site of melanoma ts highly, though not com-
pletely, predictive of local invasiveness and metastatic propen-
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sity. Melanomas involving the haired-skin, which are not in
proximity to mucosal margins, often behave in a benign man-
ner.112 Surgical extirpation through a lumpectomy is often cur-
ative, but histopathological examination is imperative for delin-
eation of margins as well as a description of cytologic features, In
haired-skin melanomas exhibiting histopathologic criteria of
malignancy, the reader is referred to the grade discussion below.
Oral and/or mucosal melanoma have been routinely considered
an extremely malignant tumor with a high degree of local inva-
siveness and high metastatic propensity.2># This biologic be-
havior is extremely similar to human oral and/or mucosal mel-
anoma.!!? Melanoma is the most commnon oral turnor in the
dog; additional neoplastic differentials include squamous cell
carcinoma, fibrosarcoma, epulidesfodontogenic tumors, and
others.!241416 Melanomas in the oral cavities of dogs are found
in the following locations by order of decreasing frequency:
gingiva, lips, tongue, and hard palate. While most melanomas
are pigmented, amelanotic oral melanomas are noted clinically
and have been previously reported.!” In canine oral/mucosal
melanomas with histological reporting suggestive of a benign
lesion, the reader is referred to the grade discussion below.

The anatomic sites that split the opposite ends of the prog-
nostic spectrum are of generally benign-acting haired-skin
versus typically malignant and metastatic oral/mucosal mel-
anomas include melanomas of the digit and foot pad. While
these anatomic sites are not the primary focus of this discus-
sion, dogs with melanoma of the digits without lymph node
or further metastasis treated with digit amputation are re-
ported to have median survival times of ~12 months, with
47 to 57% alive at 1 year and 11 to 13% alive at 2 years.18.19
Unfortunately, metastasis from digit melanoma ar presenta-
tion is reported to be ~30 to 40%, and the aforementioned
outcomes with surgery suggest that subsequent distant me-
tastasis is common even when no metastasis is found at pre-
sentation/digit amputation. The prognosis for dogs with mel-
anoma of the foot pad has not been previcusly significantly
reported; this author has found this anatomic site to be sim-
ilar in metastatic propensity and prognosis to digit mela-
noma. Interestingly, human acral lentiginous melanoma
{plantar surface of the foot, palms of the hand, and digit) has
an increased propensity for metastasis. 20

Size and Stage

For dogs with oral melanoma, primary tumor size has been
found to be extremely prognostic. The World Health Orga-
nization staging scheme for dogs with oral melanoma is based
on size, with stage | = <2-cm-diameter tumor, stage II =
2-cm- to <4-cm-diameter tumor, stage [11 = 4 cm or greater
tumor and/or lymph node metastasis, and stage IV = distant
metastasis (Table 1). Macewen and colleagues reported me-
dian survival times for dogs with oral melanoma treated with
surgery to be approximately 17 to 18, 5 to 6, and 3 months
with stage 1, II, and Il disease, respectively.® More recent
reports suggest stage I oral melanoma treated with standard-
ized therapies including surgery, radiation, and/or chemo-
therapy has a median survival time of approximately 12 to 14
months, with most dogs dying of distant metastatic disease,
not local recurrence. 222 Other investigators have found dogs
with stage [ oral melanoma to have median progression-free
survival times of 19 months.??

Table 1 Traditional World Health Organization TNM-based
Staging Scheme for Dogs with Oral Melanoma

T: Primary tumor
T1 Tumor <2 em in diameter
T2 Tumor 2-4 cm in diameter
T3 Tumor >4 cm in diameter
N: Regional tymph nodes
NO No evidence of regional node involvement
N1 Histologic/cytologic evidence of regional node
invelvement
N2 Fixed nodes
M: Distant metastasis
MO No evidence of distant metastasis
M1 Evidence of distant metastasis
Stage | = T1 NO MO
Stage Il = T2 No Mo
Stage Il = T2 N1 MO or T3 NO MO
Stage IV = Any T, any N and M1

A variety of limitations exist with the present WHO staging
scheme for canine oral melanoma. First, the size of the tumor is
not standardized to the size of the patient. Therefore, a 1.8-cm
oral melanoma without lymph node metastasis is a stage 1 mel-
anoma in a Rottweiler as well as a Chihuahua, Further investi-
gations with standardization to patient size are hereby encour-
aged. In addition, the histologic appearance and other
histologically based indices of melanomas are not accounted for
in the present WHO staging scheme, and proposed alternate
schemes incorporating histologic criteria have unfortunately not
gained widespread use for canine melanoma. For these reasons
and others, various investigators have pursued other prognostic
factors in canine oral melanoma to possibly develop alternative
staging systems. These investigations have continued to find size -
to be extremely prognostic but have also found the following
negative prognostic factors: lesser degree of extirpation and in-
complete surgical margins; location (candal mandibular and
rostral maxillary do tnore pootly); tumor mitotic index >3; and
bone invasion/lysis.>* Prospective investigations including
these variables into an expanded WHO staging system are
herehy encouraged and ongoing at this author's institution.

The staging system for canine nonoral melanoma is less well
defined to date. Henry and colleagues utilized the WHO TNM
system for canine digital tumors, which defines T1 = wmor <2
cm and superficial, T2 = tumor 2 to 5 cm and minimum inva-
sion; T3 = tumor >>5 ¢m orinvading subcutis; and T4 = tumor
invading fascia or bone."™ They reported that metastasis-free
interval was significantly inversely associated with T-stage
across all digit tumors. When specifically examining dogs with
digit melanoma, there was one dog with T2, five dogs with T3,
and four dogs with T4 tumors. Further studies defining staging
schemmes for canine nonoral melanoma with clinical variables
and outcomes are also encouraged. '

Grade and

Histologic Parameters

Histopathologic grading of a tumor by the pathologist delin-
eates degree of malignancy and grading systems vary across

turnor types. The histological grade is commonly predictive
of survival, metastatic rate, and other clinical variables in a
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wide variety of tumors across species, including canine mel-
anoma. 12328 For example, in haired-skin melanomas exhib-
iting multiple histopatholegic criteria of malignancy, such as
increased mitotic rate, invasiveness, and/or poor differentia-
tion, metastatic propensity is increased and the prognosis is
reduced due to variability in outcomes postoperatively. Bos-
tock reported that 45% of dogs with malignant skin melanc-
mas died within 1 year, whereas 8% of dogs with “benign”
skin melanomas died from their disease.® Furthermore, 10%
of dogs with haired-skin melanoma with a mitotic index of 2
or less died from their tumor 2 years after surgery compared
with >70% dogs dying from a tumor with a mitotic index of
3 or more. Dogs with haired-skin melanomas within 1 ¢cm of
mucosal margins have been minimally investigated to date;
this author has had multiple patients with histologically be-
nign, haired-skin melanoma within 1 cm of a mucosal margin
develop subsequent distant metastatic disease. Additional in-
vestigation into patients with peri-mucosal melanoma is
therefore encouraged.

The most exhaustive review of histologic findings in
canine melanocytic neoplasms was recently published by
Spangler and Kass.® In this article, 384 dogs with mela-
nema or melanocytoma (IDEXX submissions) had their
tumors comprehensively histologically examined and statis-
tically tested for association with malignant behavior (recur-
rence and/or metastasis) and median survival time via fol-
low-up provided by the veterinarians submitting the
samples. Significant negative prognostic factors included me-
tastasis (ie, stage as discussed above), size/tumor volume, and
a variety of histologic criteria such as mitotic index, nuclear
atypia, tumor score, presence of deep inflammation, intrale-
sional necrosis, and junctional activity. As expected, these
investigators also found three primary anatomic-location
mortality groups: (1) oral (19% of samples); (2) {eet and
mucosal surface of lips (19% of samples}; and (3) cutaneous
{59% of samples). Too few ocular melanomas were investi-
gated to make recommendations. An unexpected finding
from this investigation was the presence of 32% of dogs with
oral melanoma without malignant behavior according to
their criteria (no recurrence, no metastasis, and alive at the
end of study or dead due to competing causes). This author
sees no reason oral melanomas may not occasionally behave
in a benign fashion; however, 32% is a significantly different
frequency from all previcus reports (which report a very
small proportion to no benign oral melanomas), thereby war-
ranting further study. Similarly, the number of benign-acting
oral melanomas was relatively small (n = 22) and a variety of
factors such as lack of necropsy, type of follow-up, lack of
reporting of number of lost to follow-up cases, and last, the
large mumber of cases disqualified for inclusion because of
poor differentiation may have led to an increased frequency
of benign-acting cases. Similarly, this author has seen in ex-
cess of 10 dogs in the last 4 years with a previous histopatho-
logic diagnosis of benign oral melanoma present with florid
distant metastasis. This is consistent with Bostock reporting
three of seven dogs with “benign” oral melanoma going on to
die of their disease

Spangler and Kass also reported that 38 and 12% of feet/
mucosal surface of lips and cutaneous melanocytic tumers,
respectively, behaved in a malignant fashien.® Four percent
and 27% of those dogs that died of a footlip and cutaneous

melanoma, respectively, had a tumor score that would have
predicted benign behavior. On further review of those cases,
there were no attributes found thar would allow for predic-
tion of malignant behavior. This suggests that additional test-
ing is needed beyond routine light microscopy for delineation of
malignant versus benign behavior for canine cutaneous mela-
noma. Laprie and coworkers reported the use of Ki-67 expres-
sion via immunchistochemistry in 68 canine cutaneous mela-
nomas.?” This group found that the predictive value of Ki-67
proliferative index (97%) was greater than the predictive value
of classical histology (919%) for biologic behavior in canine cu-
taneous melanoma. This strongly suggests that the use of
Ki-67 immunohistochemistry and possibly other prolifera-
tive markers (eg, AgNOR and others) in canine cutaneous
melanoma should be commonly performed after the his-
topathologic diagnosis is made. The routine use of horserad-
ish-peroxidase (HRP) -based immunchistochemistry (THC)
to characterize Ki-67 and other proliferative marker expres-
sions is further complicated in melanoma due to strong base-
line melanin pigmentation; investigations in this author’s lab-
oratory are ongoing to develop reliable methodologies
through melanin bleaching and/or non-HRP-based THC de-
tection methodologies.

Staging

The staging of dogs with melanoma is relatively straightfor-
ward. A minimum database should include a thorough his-
tory and physical examination, complete bloed count and
platelet count, biochemical profile, vrinalysis, three-view
chest films, and local lymph node aspiration (ipsilateral and
contralateral nodes for oral melanoma due to variability in
draining patterns) with cytology whether lymphadeno-
megaly is present or not. Williams and Packer reported in
dogs with oral melanoma that ~70% had metastasis when
Iymphadenomegaly was present, but more importantly
~40% had metastasis when no lymphadenomegaly was
present.?® Additional considerations should be made for ab-
dominal compartment testing (eg, abdominal ultrasound) in
all cases of canine melanoma, especially in cases with poten-
tially moderately to highly metastatic anatomic sites such as
the oral cavity, feet, or mucosal surface of the lips, as mela-
noma may metastasize to the abdominal lymph nodes, liver,
adrenal glands, and other sites. The use of sentinel lymph
node mapping and lvmphadenectomy has been proven to be
of diagnostic, prognostic, and clinical benefit in human mel-
anoma.?® Relatively few investigations have been reported to
date for sentinel lymph node mapping and/or excision for
dogs with malignancies®®-33 and this author strongly encour-
ages additional investigation in this area and specifically with
canine melanoma.

Treatment

The treatment for dogs with melanoma without distant met-
astatic disease on staging starts with local tumor control. This
is generally best completed through surgical extirpation due
Lo its speed, increased curative intent, and reduced cost com-
pared with other modalities. The dose of surgery is generally
based on the anatomic site of the melanoma, with cutaneous
melanomas usuvally requiring lumpectomy and all other sites




* KOPIE *

P.J. Beryman

requiring more aggressive and wide excision. While large
resections such as partial maridibulectomy or maxillectomy
carry an inherent level of morbidity, owner satisfaction rates
are routinely considered high. It cannot be overstated the
importance of complete staging when contemplating larger
resections; the presence of distant metastatic disease would
attenuate the use of more radical surgical procedures and
convert the patient to medical and/or palliative care options.

Radiation therapy (RT) plays a role in the treatment of
canine melanoma when the tumor is not surgically resect-
able, the tumor has been removed with incomplete margins,
and/or the melanoma has metastasized to local lymph nodes
without further distant metastasis. The use of smaller frac-
tions of RT (eg, 3 to 4 Gy) given daily to every other day can
allow for a greater total dose and fewer chronic RT reactions;
however, melanoma appears comparatively resistant to these
types of fractionation schemes.2*** Coarse fractionation
schemes for canine melanoma utilizing 6 to 9 Gy weekly to
every other week to a total dose of 24 to 36 Gy have been
reported by a variety of investigators with complete remis-
sion rates of 53 to 69% and partial remission rates of 25 to
30%.21-2333.36 Unfortunately, recurrence and/or distant me-
tastasis were common in all of these studies. Other modalities
reported for local tumor control as case reports and/or case
series have included intralesional cisplatin implants, intrale-
sional bleomycin with electronic pulsing, and many others,
but widespread use has not been reported to date 332

In dogs with melanoma in the aforementioned anatomic
sites predicted to have a moderate to high metastatic propen-
sity, or dogs with cutaneous melanoma with a high tumor
score and/or increased proliferation index through increased
Ki-67 expression, the use of systemic therapies is warranted.
Rassnick and colleagues reported an overall response rate of
28% using carboplatin for dogs with malignant melanoma. ¥
Unfortunately, only one dog had a minimally durable com-
plete response, and the rest were nondurable partial re-
sponses. Similarly, Boria and coworkers reported an 18%
response rate and median survival time of 119 days with
cisplatin and piroxicam in canine oral melanoma * Other
reports using single-agent dacarbazine, melphalan, or doxo-
rubicin suggest poor to dismal activity *2-* More recently and
importantly, two studies suggest that chemotherapy plays an
insignificant role in the adjuvant treatment of canine mela-
noma,?2% It can be argued that the studies performed to date
to evaluate the activity of chemotherapy in an adjuvant set-
ting for canine melanoma have been suboptimal due to a
variety of reasons; however, the extensive human literature in
this specific setting suggests melanoma is an extremely che-
motherapy-resistant tumor.* It is clear that new approaches
to the systemic treatment of this disesse arve desperately
needed. )

Immunotherapy represents one potential systemic thera-
peutic strategy for melanoma. A variety of immunotherapeutic
strategies for the treatment of human melanoma have been re-
ported previously, with typically poor outcornes due 1o a lack
of breaking tolerance. Immunotherapy strategies to'date in
canine melanoma have used autologous:tumor cell vaccines
(with or without transfection with immunostimulatory cyto-
kines and/or melanosomal differentiation antigens), alloge-
neic tumor.cell vaccines transfected with interleukin-2 or
GM-CSF, liposomal-encapsulated nonspecific immunos-

timulators (eg, L-MTP-PE), intralesional Fas ligand DNA,
bacterial superantigen approaches with granulocyte macro-
phage colony-stimulating factor or interleukin 2 as immune
adjuvants, and last, canine dendritic cell vaccines loaded
with melanosomal differentiation antigens.547-53 Although
these approaches have produced some clinical antitumor re-
sponses, the methodologies for the generation of these prod-
ucts are expensive, time-consuming, sometimes dependent
on patient rumor samples being established into cell lines,
and fraught with the difficulties of consistenicy, reproducibil-
ity, and other quality-control issues.

The advent of DNA vaccination circumvents some of the
previously encountered hurdles in vaccine- development.
DNA is relatively inexpensive and simple to purify in large
quantities. The antigen of interest is cloned into a bacterial
expression plasmid with a constitutively active promoter.
The plasmid is introduced into the skin or muscle with an
intradermal or intramuscular injection. Once in the skin or
muscle, professional antigen-presenting cells, particularly
dendritic cells, are able to present the transcribed and trans-
lated antigen in the proper context of major histocompatibil-
ity complex and costimulatory molecules. Although DNA
vacciries have induced immune responses to viral proteins,
vaccinating . against tissue-specific self-proteins on cancer
cells is clearly a more difficult problem. One way to induce
immunity against a tissue-specific differentiation antigen on
cancer cells is to vaccinate with xenogeneic (different species)
antigen or DNA that is homologous to the cancer antigen, Tt
has been shown that vaccination of mice with DNA encoding

- cancer differentiation antigens is ineffective when self-DNA is

used, but tumor immunity can be induced by orthologous
DNA from another species.>*

At the Animal Medical Center in collaboration with human
melanoma investigators at Memorial Sloan-Kettering Cancer
Center (MSKCC), we have chosen to target defined mela-
noma differentiation antigens of the tyrosinase family. Ty-
Tosinase is a melanosomal glycoprotein, esseitial in melanin
synthesis. Immunization with xenogeneic human DNA en-
coding tyrosinase family proteins induced’antibodies and
cytotoxic T-cells against syngeneic B16 melanoma cells in
C57BL/6 mice, but immunization with mouse tyrosinase-
related DNA did not induce detectable immunity.® In
particular, xenogeneic DNA vaccination induced tumor
protection from syngeneic melanoma challenge and auto-
immune hypopigmentation. Thus, xenogeneic DNA vac-
cination could break tolerance against a self-tumor differ-
entiation antigen, inducing antibody, T-cell, and
antitumor responses. We have investigated the use of hu-
marn tyrosinase, murine gp7 3, murine tyrosinase, and mu-
rine tyrosinase * human GM-CSF in dogs with advanced
malighant melanoma.7 The results of these trials dem-
onstrate that xenogeneic DNA vaccination in canine ma-
lignant melanoma (1) is safe, (2) leads to the development
of antityrosinase antibodies,”® (3) is potentially therapeu-
tic, and (4) is an attractive candidate for further evaluation
in an‘adjtivant, minimal residual disease Fhase 11 setting.
To this end, we and our industrial sponser;Merial Inc., are
presently completing a multi-site USDA safetyr trial of human
tyrosinase DNA vaccination in dogs with locoregionally con-
trolled stage 1/111 malignant melanoma in the hopes of re-
ceiving a conditional license for widespread commercial use
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with subsequent efficacy trials for full licensure. Human clin-
ical trials at MSKCC utilizing murine and human tyrosinase
DNA vaccination have recently initiated.

At the time this article was being formulated {October,
2006), there were three known sites with active immunother-
apy trials for canine melanoma: The Animal Medical Center
as discussed above, the University of Wisconsin—-Madison
(UW-Madison), and the University of Florida. While a num-
ber of immunotherapy approaches for melanoma and other
tumors have been investigated and published by Macewen
and colleagues, the present UW-Madison approach for ca-
nine melanoma immunotherapy is with a whole cell alloge-
neic tumor cell vaccine (ATCV). The canine melanoma cell
line 17CM98 developed by Hogge and coworkers® is elec-
troporated with human GM-CSF ¢DNA. Each ATCV aliquot
is 2 X 107 transfected cells given 1D once weekly X4 and then
every other week X2 and monthly X3. The primary contact
at UW-Madison is Dr. llene Kurzman (kurzmani@svm,
vetmed wisc.edu), The present approach at the University of
Florida is a GD3 ganglioside {tumor-associated carbohydrate
antigen expressed on tumors of neuro-ectodermal origin
such as melanoma and small-cell lung carcinoma) vaccine
with MPL adjuvant and CpG motifs. There were no side
effects with this vaceine in normal dogs, and no side effects
to date in the 13 dogs accrued with resectable gross mel-
anoma receiving three monthly vaccines. The primary
contact at the University of Florida is Dr. Rowan Milner
(milnerr@mail. vetmed. uil.edu).

In summary, the future is looking brighter for canine mel-
anoma on multiple fronts. We have a greater understanding
of the prognostic aspects of this disease and it appears we are
on the cusp of having a commercially available vaccine for
treatmnent. It is hoped in the future that this same vaccine
may also play a role in the treatment of melanoma in other
species (eg, horses, cats, humans, etc.) due to its xenoge-
neic origing, and in melanoma prevention once the genetic
determinants of melanoma risk in dogs are further de-
fined. Tt is easy to see how the veterinary onccelogy profes-
sion is unigquely able to greatly contribute to advances for
both canine as well as human melanoma, in addition to
many other cancers with similar comparative aspects
across species. This author and the fields of veterinary
tumor immunotherapy and veterinary oncolegy are
greatly indebted to the tireless work and seeds laid by the
late Dr. Greg Macewen, he is greatly missed and this article
is dedicated in his honor.
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Although the immune system is normally thought of as providing protec-
tion agamst infectious disease, the immune system’s ability to recognize and
eliminate cancer is the fundamental rationale for the immunotherapy of cancer.
Multiple lines of evidence support a role for the immune system in managing
cancer, including (1) spontaneous remissions in patients who have cancer and
do not have treament; (2) the presence of tumor-specific cytotoxic T cells
within tumor or draining lymph nodes; (3) the presence of monocytic, lympho-
cytic, and plasmacytic cellular infiltrates in tumors; (4) the increased incidence
of some types of cancer in immunosuppressed patients; and (5) documentation
of cancer remissions with the use of immunomodulators [1]. With the tools of
molecular biology and a greater understanding of mechanisms to harness the
immune system, effective tumor immunotherapy is becoming a reality. This
new class of therapeutics offers a more targeted, and therefore precise,
approach to the treatment of cancer. The recent conditional licensure of a xeno-
geneic DNA vaccine for advanced canine malignant melanoma (CMM)
strongly suggests that immunotherapy can play an extremely important role
alongside the classic cancer treatment triad components of surgery, radiation
therapy, and chemotherapy; we ardenty look forward to immunotherapy
playing a larger and larger role in the treatment of cancer in the future.

Any discussion about the potential usefulness of cancer immunotherapeutics
predicates a more complete understanding of the principal players in the immune
system, which is subsequently briefly reviewed here, before a further discussion
on anticancer vaccines and other anticancer immunotherapy strategies.

T he term immunity is derived from the Latin word smmunttas, which refers

TUMOR IMMUNOLOGY

The immune system is generally divided into two primary components: the
innate immune response and the highly specific but more slowly developmg
adaptive or acquired immune response. Innate immunity is rapidly acting

0195.5616/07/% — see front matier @ 2007 Elsevier Inc. All rights reserved.
doi: 10.1016/j.cvsm,2007.06.005 vetsmall.theclinics.com
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but typically not extremely specific and includes physicochemical barriers (eg,
skin, mucosa); blood proteins, such as complement; phagocytic cells (macro-
phages, neutrophils, dendritic cefls [DCs], and naturai kifler [NK] cells); and cy-
tokines, which coordinate and regulate the cells involved in innate immunity.
Adaptive immunity is thought of as the acquired arm of immunity that allows
for exquisite specificity, an ability to remember the previous existence of the
pathogen and to differentiate self from nonself, and, importandy, the ability
to respond more vigorously on repeat exposure to the pathogen. Adaptive
immunity consists of T and B lymphocytes. The T cells are further divided
by cluster of differentiation (CD) and major histocompatibility complex
(MHC) class into T helper cells (CD4 positive and MHC II), and T cytotoxic
cells (CD8 positive and MHC I). B lymphocytes produce antibodies (humoral
system) that may activate complement, enhance phagocytosis of opsonized tar-
get cells, and induce antibody-dependent cellular cytotoxicity (ADCQC). B-cell
responses to tumors are thought by many investigators to be less important
than the development of T-cell-mediated immunity, but there is little evidence
to support this notion fully [2]. The innate and adaptive arms of i lmmumty are
not mutually exclusive; they are linked by (1) the innate response’s ability to
stimulate and influence the nature of the adaptive response and (2) the sharing
of effector mechanisms between innate and adaptive immune responses.

Immune responses can be further separated by whether they are induced by
exposure to a foreign antigen (an “active” response) or if they are transferred
through serum or lymphocytes from an immunized individual (a “passive”
response). Although both approaches have the abih'ty to be extremely speciﬁc
for an antigen of interest, one important difference is the inability of passive
approaches to confer memory. The principal components of the active/adaptive
immune system are lymphocytes, antigen-presenting cells, and effector cells.
Furthermore, responses can be subdivided by whether they are specific for
a certain antigen or a nonspecific response whereby immunity is attemnpted
to be conferred by upregulating the immune system without a specific target.
These definitions are helpful because they allow methodologies to be more
completely characterized, such as active specific and passive nonspecific, for
example.

The idea that the immune system may actively prevent the development of
neoplasia is termed cancer tmmunosurveillance. Sound scientific evidence supports
some aspects of this hypothesis [3,4], including the following: (1} interferon
(IFN)-y protects mice against the growth of tumors; (2) mice lacking TFNy
receptor were more sensitive to chemically induced sarcomas than normal
mice and were more likely to develop tumors spontaneously; (3) mice lacking
major components of the adaptive immune response (T and B cells) have
a high rate of spontaneous tumors; and {4) mice that lack IFNy and B/T cells
develop tumors, especially at a young age.

There are significant barriers to the generation of effective antitumor
immunity by the host. Many tumors evade surveillance mechanisms and
grow in immunocompetent hosts, as easily illustrated by the overwhelming
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numbers of people and animals succumbing to cancer. There are multiple ways
in which tumors evade the immune response, including the following: (1) im-
munosuppressive cytokine production (eg, transforming growth factor [TGF]-
B, interleukin [IL]-10) [5,6]; (2} impaired DC function by means of inactivation
{“anergy”) or poor DC maturation through changes in IL-6/IL-10/vascular en-
dothelial growth factor (VEGF)/granulocyte macrophage colony-stimulating
factor (GM-CSF) [7]; (3) induction of cells called regulatory T cells (Treg), which
were initially called suppressor T cells (CD4/CD25/CTLA-4/GITR/Foxp3-
positive cells, which can suppress tumor-specific CD4/CD8+ T cells) [8,9]; (4)
MHC I loss through structural defects, changes in B2-microglobulin synthesis,
defects in transporter-associated antigen processing, or actual MHC I gene loss
(ie, allelic, locus loss); and (5) MHC I antigen presentation loss through B7-1
attenuation (B7-1 is an important costimulatory molecule for CD28-mediated
T-cell receptor and MHC engagement) when the MHC system m MHC I loss
remains intact.

NONSPECIFIC TUMOR IMMUNOTHERAPY

Dr. William Coley, 2 New York surgeon in the early 1900s, noted that some
patients who had cancer and developed incidental bacterial infections survived
longer than those without infection [10]. Coley developed a bacterial “vaccine”
(killed cultures of Serratia marcescens and Streptococcus pyogenes {“Coley’s toxins’])
to treat people with sarcomas, which provided complete response rates of ap-
proximately 15%. Unfortunately, high failure rates and significant side effects
led to discontinuation of this approach. His seminal work laid the foundation
for nonspecific modulation of the immune response in the treatment of cancer.
Nonspecific tumor immunotherapy approaches are numerous, and relevant
examples are listed in Table 1 {11-34].

CANCER VACCINES

The ultimate goal for a cancer vaccine is elicitation of an antitumor immune
response that results in clinical regression of a tumor or its metastases.
Responses to cancer vaccines may take several months or more to appear
because of the slower speed of induction of the adaptive arm of the immune
gystem, as outlined in Table 2.

There are numerous types of tumor vaccines in phase I through I human
trials across a wide range of tumor types. The immune system detects tumors
through specific tumor-associated antigens (TAAs) that are recognized by
cytotoxic T Iymphocytes (CTLs) and antibodies. TAAs may be common to
a particular tumor type; may be unique to an individual tumor; or may arise
from mutated gene products, such as ras, p53, p21, or others. Although unique
TAAs may be more immunogenic than the other aforementioned shared
tumor antigens, they are not practical targets because of their narrow
specificity. Most shared tumor antigens are normal cellular antigens that are
overexpressed in tumors. The first group to be identified was termed cancer festes
antigens because of expression in normal testes, but they are also found in
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Table 2

¢

melanoma and various other solid tumors, such as the MAGE/BAGE gene
family. This article highlights those tumor vaccine approaches that seem to
hold particular promise in human clinical trials and some that have been tested
to date in veterinary medicine.

A variety of approaches have been taken to focus the immune system on the
aforementioned targets, including (1} whole cell or tumor cell lysate vaccines
(autologous, or made from a patient’s own tumor tissue; allogeneic, or made
from individuals within a species bearing the same type of cancer; or whole
cell vaccines from y-irradiated tumor cell lines with or without immunostimu-
latory cytokines) [35-38]; (2) DNA vaccines that immunize with syngeneic or
xenogeneic (different species than the recipient) plasmid DNA designed to elicit
antigen-specific humoral and cellular immunity (to be discussed in more detail
elsewhere in this article); (3) viral vector-based or other methodologies
designed to deliver genes encoding TAAs or immunostimulatory cytokines
[39,40]; (4) DC vaccines that are commonly loaded or transfected with
TAAs, DNA or RNA from TAAs, or tumor lysates [41]; (5) adoptive cell
transfer (the “wransfer” of specific populations of immune effector cells to
generate a more powerful and focused antiturnor immune response); (6)
cytokine approaches {42]; and (7) antibody approaches, such as monoclonal
antibodies [43], antiidiotype antibodies (an idiotype is an immunoglobulin
sequence unique to each B lymphocyte; therefore, antibodies directed against
these idiotypes are referred to as anti-idiotype), or conjugated antibodies.
The ideal cancer immunotherapy agent would be able to discriminate between
cancer and normal cells (ie, specificity), be potent enough to kill small or large
numbers of tumor cells (ie, sensitvity) and, fmally, be able to prevent
recurrence of the tumor (ie, durability).

This author has developed a xenogeneic DNA vaccine program for mela-
noma at the Animal Medical Center in collaboration with human investigators
from Memorial Sloan-Kettering Cancer Center and industrial partner Merial
[44,45]. Preclinical and clinical studies by this author’s laboratory and others
have shown that xenogeneic DNA vaccination with tyrosinase family members
(eg, tyrosinase, GP100, GP75, others) can produce immune responses resulting
in tumor rejection or protection and prolongation of survival, whereas synge-
neic vaccination with orthologous DNA does not induce immune responses
[46]. These studies provided the impetus for development of a xenogeneic
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DNA vaccine program in CMM. Gohorts of dogs received increasing doses of
xenogencic plasmid DNA encoding human tyrosinase (huTyr), murine GP75
{muGP75), murine tyrosinase (muTyr), muTyr with or without human
GM-CSF (both administered as plasmid DNA), or muTyr “off study”
administered intramuscularly hiweekly for a total of four vaccinations. Minimal
to mild pain was noted on vaccination, and one dog experienced vitiligo. The
authors and his colleagues have recently investigated antibody responses in
dogs vaccinated with HuTyr and found two- to fivefold inereases in circulating
antibodies to huTyr, which can cross react to canine tyrosinase, suggesting the
breaking of tolerance [47]. The clinical results with prolongation in survival
have been reported previously [44,45). The results of these trials demonstrate
that xenogeneic DNA vaccination in CMM (1) is safe, (2) leads to the
development of antityrosinase antibodies, (3) is potentially therapeutic, and
{4) is an attractive candidate for further evaluation in an adjuvant minimal
residual disease phase I setting for CMM. A US Department of Agriculture
(USDA) licensure study of huTyr in dogs with advanced malignant melanoma
was initiated in April 2006, which led to USDA conditional licensure in March
2007. This is the first approved vaccine for the treatment of cancer across
species in the United States. The xenogeneic DNA vaccine platform represents
an interesting mechanism for exploration of immune responses and anticancer
responses for other malignancies. To this end, the author and his colleagues
have recently initiated a phase I trial of murine CD20 for dogs and cats with
B-cell lymphoma [48).

Tumor immunology and immunotherapy is one of the most exciting and
rapidly expanding fields at present. Significant resources are focused on
mechanisms to stimulate an antitumor immune response maximally while
minimizing the immunosuppressive aspects of the tumor microenvironment
simultaneously. The recent elucidation and blockade of immunosuppressive
cytokines (eg, TGFp, IL-10, IL-13) or the negative costimulatory molecule
CTLA-4 [49] may dramatically improve cell-mediated immunity to aumors.
Immunotherapy is unfikely to become a sole modality in the treatment of
cancer; the traditional modalities of surgery, radiation, and- chemothcrapy
are extremely likely to be used in combination with immunotherapy in the
future. Like any form of anticancer treatment, immunotherapy seems to work
best in a minimal residual disease setting, suggesting that its most appropriate
usc is likely to be in an adjuvant setting with local tumor therapies, such as sur-
gery or radiation. Similarly, the long held belief that chemotherapy attenuates
immune responses from cancer vaccines is beginning to be disproved through
investigations on a variety of levels {50,51]. In fact, mechanisms to induce cancer
celllysis through chemotherapy or other means after anticancer vaccination may
induce increased cancer antigen presentation to an already primed immune
system, thereby leading to a boosting of the immune response.

In summary, the future looks . cxtremely bright for immunotherapy.
Similarly, the veterinary oncology profcssmn is uniquely able to contribute
greatly to the many advances to come in this field. Unfortunately, what works
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in a mouse often does not reflect the outcome in human patients who have
cancer. Therefore, comparative immunotherapy studies using veterinary
patents may be better able to “bridge” murine and human studies. To this
end, a large number of cancers in dogs and cats scem to be remarkably stronger
models for counterpart human tumors than presently available murine model
systems. This is likely attributable to a variety of reasons, including but not lim-
ited to extreme sirmilarities in the biology of the tumors (eg, chemoresistance,
radioresistance, sharing metastatic phenotypes, site selectivity), spontancous
syngeneic cancer (typically versus an induced or xenogeneic cancer in murine
models), and, finally, the fact that the dogs and cats spontancously developing
these tumors are outbred and immune competent and live in the same environ-
ment as human beings. The field of veterinary tumor immunotherapy is
greatly indebted to the tireless work and seeds laid by MacEwen [52]. This au-
thor ardently looks forward to the time when immunotherapy plays a signifi-
cant role in the treatment or prevention of cancer in human and veterinary
patients.
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Antitumor immune responses can be elicited in preclinical mouse
melanoma models using plasmid DNA vaccines encoding xenogeneic
melanosomal differentiation antigens. We previously reported on a
phase I clinical trial of human tyrosinase (huTyr) DNA vaccination
of ¢ dogs with advanced malignant melanoma (World Health
Organization stages II-IV), in which we demonstrated the safety
of the treatment and the prolongation of the expected survival
time (ST) of subjects as compared to historical, stage-matched
controls. As a secondary goal of the same study, we report here on
the indnction of tyrosinase-specific antibody responses in three of
the nine dogs vaccinated with huTyr DNA. The antibodies in two of
the three responders cross-react with syngeneic canine tyrosinase,
demonstrating the ability of this vaccine to overcome host immune
tolerance and/or ignorance to or of “self " antigens. Most interestingly,
the onset of antibody induction in these three dogs coincides with
observed clinical responses and may suggest a means to account for
their long-term tumor control and survival.

Introduction

Canine malignant melanoma (CMM) of the oral cavity, nait
bed, foot pad, and mucocutanecus junction is a spontaneous,
highly aggressive neoplasm that can readily metastasize to the
lymph nodes, liver, lung, and kidney (1, 2, 3, 4, 5, 6). Prognosis
is often dependent on the clinical staging of the tumeor; canine
patients diagnosed with World Health Organization stage I
oral CMM have a reported median ST of 1 yr with carboplatin
chemotherapy and hypofractionated radiation (1, 7). Patients
with advanced disease {World Health Organization stages 11, I11,
or IV} have a reported median ST of less than 5 mo with surgical
resection of the local tumor (2, 3, 4). Overall response rates of
canine melanoma patients to chemotherapy are low, with little
evidence that treatment improves ST (8). This is likely due to
subsequent metastasis and resistance of residual tumor cells,
despite aggressive therapies. Targeted treatment of microscopic
disease should be considered a critical component in the overall
management of CMM, in conjunction with current modalities
for local/regional disease control.

Numerous immunologic strategies in preclinical models and
clinical settings have been described as eliciting antitumor
responses capable of tumor regression and rejection (9). Previous
attempts in both human and veterinary oncology include the use
of autologous tumor cells and/or cell extracts (with or without

bacterial adjuvant) (10, 11, 12, 13}, gene-modified tumor cells
(14, 15, 16, 17, 18, 19, 20, 21), heat-shock proteins {22, 23), or
tumor-specific peptides (24) as vaccines to activate humoral
and/or T-cell immunity. Other approaches involve the induction
of apoptosis by intratumoral Fas ligand (FasL) DNA injection
(25) or vaccination with autologous DCs expressing xenogeneic
tumor antigens in order to elicit antitumor responses (26). The
utility of autologous mmor vaccines 15 ofien limited by the
availability of tumor cell lines specifically established for each
patient. Similarly, peptide-based vaccines can only be applied to
discrete patient populations due to MHC haplotype restrictions.
The main challenge in active immunization against malignant
melanoma, nevertheless, is to selectively activate the immune
repertoire that can recognize and target antigens on melanoma.
The best-characterized antigens on melanoma include the
melanosomal membrane proteins, which are also expressed on
normal melanocytes.

Preclinical mouse models of melanoma demonstrate that mice
vaccinated with xenogeneic (human) <DNAs encoding different
melanosomal differentiation antigens (that is, TRP1/gp75,
TRP2/DCT, pMel17/gpl00, or tyrosinase) can generate specific
antibody and T-cell responses against syngeneic tumor cells that
protect against subsequent tumor challenge, whereas plasmid
DNA encoding mouse antigens induces no tumor immunity
(27, 28, 28, 30, 31). Hence, effective antitumor immunity can be
induced in vive when host immune tolerance/ignorance to/of
the “self” differentiation antigens is overcome,

We have chosen to investigate xenogeneic DNA vaccines
encoding tyrosinase as a means to induce immune responses in
CMM patients. Tyrosinase is normally expressed in melanocytes
to catalyze the rate-limiting step of melanin biosynthesis
from tyrosine (32, 33). Tyrosinase, as well as other related
glycoproteins, is a suitable target for CMM immunotherapy
because of its restricted, tissue-specific expression. Full-
length canine tyrosinase (NCBI protein database accession
no. AAQ17535) also shares significant homology with that of
human (NCBI accession no. AAA61242) and mouse {NCBI
accession no. BAA00341) tyrosinase at 87.5% and 84.4% amino
acid identity, respectively {Figure 1). Injections of xenogeneic
tyrosinase DNA may therefore be a means to overcome canine

© 2006 by Philip J. Bergman

WWCANCELITIMUNItY.oTg tof 10




* KOPIE *

Cancer Immunity, Vol. 6, p. 8 (21 April 2006)

Tymmmwmmervedﬁvmdngmmommman Sequemecompmunoftymsumseﬁbmdog,mpus:.andhummshuwsahlgh

540
-L i xlx-

P LLEM. .I:)VHE!.LY

dqmeufhomhgyatthc

amino acid level The calculated sequence identity by Vector N'T between canine tyrosinase and that of mouse and human is 84.4% and 37.5%, respec!ivdy indicating
evolutionary conservation of this protein, Dark gray highlights 1denhul residues and light gray ]'nghlights conservative aming acid changes.

immune tolerance to the self-tyrosinase because of differences
in the sequence that improve epitepe recognition by MHC class
I or the T-cell receptor. Sequence differences may also create
class' [-restricted helper epitopes and induce antityrosinase
immune responses when expressed in vive in dogs with CMM.
We previously reported on the safety and prolonged survival of
CMM patients immunized with xenogeneic huTyr DNA in a
phase I, single-arm clinical trial (34),

To validate the observed clinical efficacy of xenogeneic DNA
vaccination as a therapeutic modality for CMM, the present
study examines the humoral immune responses of the same
three cohorts of dogs vaccinated with escalating doses (100
pgs 500 ug, and 1500 pg) of huTyr cDNA. Three of nine dogs
have tyrosinase-specific antibodies induced after vaccination,
with antibody titers as high as 1:1280 for one of the three dogs,
compared to its preimmune serum and to the sera of normal,
healthy dogs, The specificity of the antibodies generated is
confirmed by the ability of the canine- postimumune sera to
detect both endogenous human and, mote importantly, canine
tyrosinase in cultured melanoma cell lines derived from both
species. Temporal measures of the serum antibody level further
indicate that the induced antibody response to the human
antigeh cag be sustained for 3 to 9 months afier the 4 biweekly
immunizations. Most interestingly, these '3 dogs -exhibited
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clinical responses with long-term tumor control; 1 of these dogs
remains alive as of publication (for approximately 4 years) with

an unchanged, cytologically-confirmed pulmonary metastasis.

The induction of antibodies by the xenogeneic huTyr DNA
vaccine, concurrent with observed antitumor responses in
these CMM study subjects, supports the therapeutic feasibility
of this treatment in preventing tumor dissemination, possibly
through antibody-mediated immune responses.. Nevertheless,
further evaluation is warranted to fully elucidate its efficacy
and the immunologic mechanisms of its action I an outbred,

genetically heterogencous population of large apitals with
spontanésus cancer, Other related studies currently in progress
are investigating the potential activation of T-cell responses by
the huTyr vaccine, as well as other xenogeneic DNA: vaccines
that may contribute to the overall tumor regmssmnlcontrol of
CMM. -

Result$

Measurement of the humoral response induced by vaccination

To measure ‘the humoral immune response induced by the
xenogeneic DNA vaccine, we analyzed canine sera for tyrosinase-
specific antibodies by indirect ELISA. Of the 3 vaccinated dogs
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Detection of tyrosinase-specific antibodies by ELISA. Representative results
of three independent experiments for each patiens--canine sera from patients A
(panel a; 100 pg huTyr DNA dose), B {b; 100 pg huTyr DNA dose), and C (&
1500 pg huTyr DNA dose)--were serially diluted at 1:28, 1:40, 1:30, 1:160, and
1:320, 1:640, and 1:1280. Each serum dilution was added in triplicate to individual
wells (50 plfwell) containing recombinant huTyr (a-c} or myelin-basic protein, a
nonspecific substrate {data not shown). The peak increase in tyrosinase-specific
titer, cornpared to the preimmune serwm, was detected for all patients at recheck 2:
patient A at 1:1280, patient B at 1:640, and patient C at 1:320.

in the study, 3 had a measurable increase in postvaccine serum
antibody binding to the mammalian-expressed, recombinant
huTyr (PFigure 2), but not to a nonspecific substrate, myelin-
basic protein {(data not shown). The level of antibody response,
measured spectrophatometrically to reflect tyrosinase-specific
antibody binding to the target substrate, ranged from two-
to four-fold higher in the postvaccination sera than in the
preimmune sera (Figure 2) or in the serum of a normal, heaithy
dog used as a control (data not shown). For dog A, initially
diagnosed at stage IV with visible pulmonary metastases on
thoracic radiographs, the onset of the antibody response was
after the second vaccination {data not shown) with the 100-
pg dose regimen. The induction of response, however, was

Liao et al.

not maintained by subsequent vaccinations, consistent with
dog Ks poor clinical prognosis and with the progression of
pulmonary metastases. Interestingly, 2 weeks after the fourth
vaccination, at a time when antibodies to tyrosinase were again
detected in the sera (Figure 2a), this patient experienced a long-
term remission with complete disappearance of the existing
pulmonary metastases. As previously reported, dog A had a 8T
of 389 days and was euthanized due to complications from an
acute septic episode. Subsequent gross and histopathological
necropsy revealed a recurrent 2-cm malignant melanoma caudal
to the site of the original oral primary malignant melanoma,
but with no evidence of the previously documented pulmonary
metastases {34). Evaluations of postvaccination sera taken at 2
weeks (recheck 1) and at 9 months (recheck 2) after the final
vaccination indicated an antibody titer of 1:320 at recheck 1 and
1:1280 at recheck 2 {Figure 2a), which correlate with the positive
clinical outcome after the completion of the vaccination series.

A similar induction of antibody response was detected for dog
B, diagnosed with stage III melanoma, which had a reported
ST of 496 d with no evidence of any gross or histopathological
melanoma on necropsy (34). Consistent with the immune
response in dog A, immunization of dog B at the same dose
was sufficient to elicit tyrosinase-specific antibody production
(Figure 2b), although the initial onset of the immune response
occurred subsequent to the third vaccination. Despite this initial
two-fold increase in antibody binding to the substrate, the
highest level of response was not detected until 9 months after
the final vaccination at recheck 2, with a titer of 1:640.

Although some of the dogs in the other cohorts (500 pg and
1500 ug doses} clearly experienced prolonged survival (34}, we
did not detect any measurable difference in tyrosinase-specific
antibody titers between their pre- and postvaccination sera
(data not shown). Of particular interest was dog C, initially
diagnosed at stage IV with a solitary, cytologically confirmed 4
cm pulmonary metastasis (34). This dog developed an antibody
response to the 1500 pg dose of DNA vaccine. Consistent with
dogs A and B, the antityrosinase antibody response was detected
for dog C after the third vaccination, and reached a maximum
level 3 months after the final boost, at recheck 2 (Figure 2¢).
The measured antibody titer, however, was comparatively lower
at 1:320, and gradually decreased to a level comparable to that
of the preimmune and normal canine sera (Figure 2c and data
not shown); this suggests that further vaccine boosts may be
needed in order to maintain, if not increase, tyrosinase-specific
antibodies. After the completion of the huTyr DNA vaccination
program, dog C experienced minor progression of disease and
received additional xenogeneic DNA vaccines (mousetyrosinase-
related protein 1/gp75 and, later, mouse tyrosinase). Studies to
determine the immunologic response(s) to the multiple DNA
vaccine regimens encoding different xenogeneic melanoma-
associated antigens are ongoing, as dog C remains alive as of this
publication, with a minimally changed pulmonary lesion since
trial entry in 2000.

Confirmation of antityresinase antibodies by flow cytometry

To confirm the induction of tyrosinase-specific antibodies
capable of recognizing native tyrosinase in response to the DNA
vaccination, a flow cytometry-based assay with cultured human
SK-MEL-188 melanoma cells was used. Cells were incubated
with diluted postvaccination or preimmune sera after cellular
permeabilization and fixation and analyzed for recognition
of endogenous intracellular tyrosinase by flow cytometry.
Consistent with the detection of the tyrosinase substrate
by ELISA, the postvaccination sera from dogs A, B, and C
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Figure 3
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‘Reactivity of canine postvaccinate sera to endogenous human and canine tyrosinase. Cultured hitrnan melanofna cells SK-MEL-188, canine mehnom cells CML
83-2, and canine MDCK cells were permeabilized and incubated with sera (diluted 1:500) from patients A (panel a; 100 g huTyr DNA dose), B-(bs 1008 bwTyr DNA
dose), and C (¢; 1500 pg huTyr DNA dose). Elow cytometry analysis showed an increase in mean fluorescence intensity for melanoma cells {but not canine MDCK cells)
stained by the postvaccinate and recheck sera, and not by preimmune sera-or secondary antibodies: This indicates specific recognition of cells expreseing haman or canine
tyrosinase by the antibadies induced in the postvaccinate canine sera. Data shown are representative of two independent flow analyses for each patient.
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Figure 4
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Human and canine mRNA expression evaluated by RT-PCR, Expression of tyrosinase mRNA by human (SK-MEL-188) and canine (CML 83-2) melanoma cell lines
was examined by RT-PCR. Conserved, tyrosinase-specific primer sets, 3/4 and 3/5 (schematic diagram), were used to amplify a 528 bp and an overlapping 518 bp cDNA
fragment, respectively, indicating the expression of tyrosinase genes in both cell lines.

contained specific antibodies capable of binding endogenous
huTyr, as shown by the increase in mean fluorescence intensity
of the stained SK-MEL-188 cells (Figure 3 a-c, top panels) as
compared to cells incubated with either preimmune sera or
FITC-conjugated rabbit antidog secondary antibodies. Given the
different experimental conditions and biological context of this
methodology in detecting protein-protein interactions, serum
samples from the other vaccinated patients were also analyzed
for antityrosinase antibodies. There was no detectable difference
in SK-MEL-188 binding between the pre- and postvaccination
scra from dogs with no response by ELISA {data not shown),
thereby demonstrating concordance between the ELISA and the
flow cytoretry assays.

Detection of vaccination-induced autoantibodies to canine tyrosi-
nase

Since the prior assays utilized xenogeneic (human) tyrosinase
as a target, we were interested in determining whether the
antibodies induced by DNA immunization could also recognize
syngeneic canine tyrosinase. Canine melanoma cells CML 83-2,
which express levels of tyrosinase mRNA comparable to those
expressed by human SK-MEL-188 cells {Figure 4), were treated
and analyzed by flow cytometry to assess the ability of vaccine-
induced antibodies in dogs A, B, and C to bind endogenous
canine tyrosinase. Consistent with the stained SK-MEL-188,
we observed a modest increase in mean fluorescence intensity
for CML 83-2 cells incubated with the same postvaccination
sera from dogs A and B as compared to their preimmune sera
(Figure 3 a and b, middle panels). In contrast, we did not detect
any measurable difference in mean fluorescence intensity when
CML 83-2 cells were incubated with either preimmune or
postvaccinationsera from dog C{Figure 3¢, middle panel), despite
the development and presence of antibodies that recognized
the huTyr in this patient {Figure 3c, top pancl), To further
ensure that the antibody responses detected in these dogs are
tyrosinase-specific, we included a canine MDCK kidney-derived
epithelial cell line (a kind gift from Dr. A. Reilein) that does not
express tyrosinase as a negative control for the flow-cytometric
analyses. For dogs A and C (Figure 3 a and ¢, bottom panels), we
did not observe any measurable change in fluorescence between
MDCK cells stained with preimmune and postvaccinate serum

www.cancerimmunity.org

samples. However, we detected a very slight increase in the mean
fluorescence intensity for MDCK cells incubated with recheck
serum 2 from dog B {Figure 3b, bottom panel). Taken together,
these data demonstrate that xenogeneic huTyr DNA vaccination
can induce antibodies capable of recognizing both xenogeneic
and syngeneic tyrosinase.

Association of vaccine-induced humoral responses with patient ST

Kaplan-Meier survival analysis for patients A, B, and C (rn=3),
when compared to the remaining population (n = 6) of humoral
nonresponders (Figure 5), suggested an association between
long-term survival (measured in days) and positive antibody
responses. Given the small sample size, however, the association
and/or effect of antibody production with overall survival did
not reach statistical significance {log-rank P = 0.148 and Cox
Proportional Hazards P = 0.183),

Figure 5
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Kaplan-Meier survival curves for canine patients with (» = 3; haTyr Ab+) and
without {» = 6; huTyr Ab-} positive bumoral resp to the ic huTyr
DNA vaccination, Dots denote patients that were censored from the analysis. The
difference in ST between the two groups was not statistically significant (P = {.148;
log-rank analysis), possibly due te the small patient group size,
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Discussion

In our previously published single-arm clinical trial, 9 dogs
with advanced CMM (World Health Organization stages
II-IV} were vaccinated with a xenogeneic DNA plasmid
expressing huTyr, a melanosomal differentiation antigen, The

trial demonstrated that the DNA vaccine is safe and efficacious-

for the vaccinated dogs, which had an increased median ST of
389 d (34), compared to historical controls of 1-5 months with
conventional therapies (3, 4, 35). The results of the present
study document an induction of antibody responses in 3/9 of
the vaccinated CMM patients, a response rate comparable to
other human DNA vaccine programs for malaria (36} and HIV
(37). Consistent with preclinical mouse models, the induction
of canine humoral responses by the orthelogous human antigen
to recognize self tyrosinase suggests the overcoming of canine
immune ignorance or tolerance, as the tyrosinase-specific
antibodies developed in response to the huTyr DNA vaccine
are capable of cross-reacting with canine tyrosinase. Unlike
some of the mouse melanoma models in which autoimmune
coat hypopigmentation associated with xenogeneic DNA
vaccines encoding various melanosomal differentiation antigens
was seen (25, 26, 27, 28, 26), we did not observe any clinical
signs of hypopigmentation in any of the dogs tnder current
study. However, we have a single documented case of foot pad
depigmentation in a dog vaccinated with DNA vaccisie encoding
murine tyrosinase (unpublished observation). The generation of
caning tyrosinase, unavailable at present, would ultimately allow
us to test the potential cross-reactivity of induced antibodies
by the human antigen to recognize and target the specific self
protein in vitro, as opposed to the xenogeneic antigen evaluated
in the ELISA here.

With the initial priming followed by 3 biweekly boosts of
DNA vaccine, the induced humoral responses were sustained
for a relatively long period after the final vaccination. Positive
responiders had increased levels of antibody 3-9 months after the
completion of the vaccination program at recheck 2 (Figure 2),
which was associated with long-term tumor control. This stady
demonstrates the immunogenicity of huTyr DNA and suggests
that the resulting humoral responses may persist long-term in
some patients. Moreover, our findings are consistent with the
temporal model of response for other cancer vaccines, which can
take approximately 4 to 8 weeks, if not longer, to elicit specific
humoral andfor cellular immune responses, and months for
clinical antitumor responses (38, 39).

Current models suggest that xenogenecic DNA vaccines may
exploit a preexisting repertoire of autoreactive B and T cells
typically not responsive to tumor cells, which arise from self
tissues and express self antigens. These autoreactive cells have
the potential to target the same tumor cells when activated
appropriately by orthologous antigens expressing subtle but
distinct epitopes (40, 41, 42). The utility of this therapeutic
modality in mounting antibody andfor T-cell-mediated
immunity to tumor antigens has been clearly demonstrated in
numerous preclinical mouse tumor models of the skin {25, 26,
27, 28, 29), lung (43), breast (43), and prostate (44, 45, 46, 47).
Our findings are consistent with these models in that antitumor
autoimmunity can be elicited in CMM patients in response to
an orthologous antigen expressed in vivo from a plasmid DNA
expression construct. We speculate that existing differences in
protein sequences between human and canine tyrosinase may
provide higher-affinity MHC class II-restricted peptides from the
human protein to activate autoreactive CB4+ T helper cells with
intermediate- or low-affinity receptors for this otherwise poorly
immunogenic self antigen and may help generate antibodies
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against self tyrosinase. For our study, fulldlength cDNA
encoding the huTyr was subcloned into a bacterial expression
vector, pING, and constitutively expressed under the control
of a CMV promoter (34). Insertion of the antigen encoding
sequence in a bacterial expression vector provides the vaccine
with an endogenous adjuvant in the form of unmethylated CpG
nucieotide sequences, which activate APCs through toil-like
receptor 9 (TLRS) (48, 49, 50, 51, 52, 53).

While the autoantibodies generated in dogs A-C are likely
to have induced tumor regression and/or inhibited further
metastases, the exact mechanism(s) of antibody-mediated
tumor rejection in the canine system will require further
elucidation. In particular, it remains unclear how tyrosinase,
an intracellular melanosomal glycoprotein, can be recognized
and targeted by antibodies in intact tumor cells. We speculate
that a low-level, cell-surface expression of canine tyrosinase is
the target for the autoantibodies, as detection and modulation
of gp75/Trpl {a tyrosinase-related melanosomal glycoprotein
and a well-characterized melanoma antigen) expression in the
presence of IFN-y (54) has previously been described on the
wmor ¢ell surface of mouse melanoma models. The involvement
of gp75-specific antibodies, transferred passively {54, 55, 56) or
induced by active vaccination (27, 56), in mediating antitumor
responses is directly linked to the host effectors (that is, NX1.1+
or macrophages) expressing activating Fc receptors (FcyR type
I and IIT), Activated NK1.1+ cells may be directly involved in
antibody-dependent cellular cytotoxicity or may modulate the
activities of other effector-cell components {that is, macrophages
or monocytes) for tumor cytotoxicity. Given the critical
role for FcRs (and the inflammatory effecters) for- effective
antibody-dependent tumer cytotoxicity in wivo, a similar
cascade of antibody-mediated FcyR engagement afd activation
of host effectors is Iikely conserved in the dog to mediate the
observed clinical outcomes in response to the huTyr-induced
autoantibodies.

Based on our studies, xenogeneic DNA vaccination should
be considered as an adjunctive therapy for CMM patients
with minimal residual disease and/or low tumor burden.
Ultimately, long-term clinical efficacy with complete control,
if not elimination, of microscopic tumor dissemination can
only be achieved when the following have been optimized: (i}
efficient uptake of the antigen, (ii) efficient antigen processing
by APCs with migration to draining lymph nodes, (iii) precise
antigen presentation by the APCs (that is, DCs), (iv) induction
of appropriate helperand cytotoxic T cells systemically to target
tumor cells,. and (v) a persistent pool of memory helper and/
or effector cells capable of challenging any subsequent tumor
growth over time (40). We demonstrate here that xenogeneic
DNA vaccine targeting tyrosinase can fulfill some of the above
prerequisites to induce antigen-specific antibody responses in
large, outbred animals with spontaneously occurring malignant
melanoma.

The variability in the measured antibody responses among the
vaccinated dogs likely reflects the need for further optimization
of all the critical steps involved in vaccine-induced antitumor
responses, as dogs A and B clearly developed cross-reactive
autoantibodies to tyrosinase while the same humeoral response
fo syngeneic tyrosinase was absent in dog C. It is equally
plausible that the absence of detectable antityrosinase humorat
responses in the other vaccinated patients with and/or without
positive-clinical outcomes may be attributable to the challenges
we have discussed. It would be more informative if sutologous
melanoma tumer cells from each patient were readily available
and accessible for us to determine the individusl expression
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level/profile of endogenous tyrosinase and to conduct similar
comparative analyses, as discussed earlier. Likewise, functional
measures of antibody-mediated cytotoxicity would better
substantiate our observations and should be incorporated into
future studies of DNA vaccine programs.

Equally important, although the present study demonstrates
that induction of specific {autoYantibodies to an intracelular
tumor antigen correlates with positive clinical outcome in some
patients, we recognize that other components of the immune
system, such as CD8+ CTLs, may become activated and
contribute to the overall antitumor responses against CMM. To
address this, we are currently engaged in the development of
an assay to measure antigen-specific T-cell responses in these
outbred dogs. Quantitative measures of potential cytotoxic
T-cell responses should provide an additional, or alternative,
mechanism to explain the positive antitumor effects in the CMM
patients lacking detectable antibody response to the vaccine.

Abbreviations
CMM, canine malignant melanoma; huTyr, human tyrosinase;
ST, survival time
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Materials and methods

Patient characteristics, vaccination protocols, vaccine
development, and clinical outcomes of the canine patients in the
xenogeneic huTyr DNA vaccine trial have been described in an
earlier work (34).

Tissue culture

Human and canine melanoma cell lines SK-MEL-188 and CML
83-2 (kind gift of Dr. L.G. Wolfe, Auburn University, Auburn,
AL, USA), respectively, as well as canine MDCK cell line (kind
gift of Dr, A, Reilein, Weill Medical College, Cornell University,
New York, NY, USA) were grown in RPMI 1640 (Mediatech, Inc.,
Herndon, VA, USA) supplemented with 7.5% heat-inactivated
FCS, 1% nonessential amino acids, 1% L-glutamine, and 1%
penicillin/streptomycin and maintained at 37°C with 5% CO2
until harvested.

RNA extraction and RT-PCR

Total RNA from SK-MEL-188 and CML 83-2 were isolated
using the SV Total RNA [solation System {Promega, Madison,
WI, USA), following the manufacturer’s instructions, Tyrosinase
mRNA expression in each cell line was analyzed by RT-PCR.
Briefly, tyrosinase mRNAs from each cell line were reverse
transcribed from the isolated total RNA using the SuperScript
First-Strand Synthesis System for RT-PCR (Invitrogen,
Carlsbad, CA, USA), followed by amplification of the tyrosinase
cDNA from each first-strand ¢cDNA synthesis reaction using
conserved primer sets for both human and canine: Primer 3
(reverse): 5-TGGCAGCTTTATCCATG GAA-3) Primer 4
(forward): 5-AATGGATCAACACCCATGT'T-3, and Primer
5 (forward): 5-GGAGTCCCTGTGGCCAGCTT-3" For cDNA
amplification, the following thermal cycling conditions were
used: denaturation at 95°C for 3 min, 35 cycles of denaturation
at 95°C for 30 5, annealing at 55°C for 1 min, and elongation at
72°C for 30 s, and a final extension at 72°C for 10 min. Amplified
cDNA from each cell line was resolved and visualized on 1%
agarose gel stained with ethidium bromide.

Antibody response

Canine sera were collected before the start of trial and after
each vaccination. As previously described (34), approximately
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2-4 l of canine whole blood was collected in a VACUTAINER
SST Gel & Clot Activator tube (Becton Dickinson, Franklin
Lakes, NJ, USA) and spun for 15 min at 2000 rpm. Each serum
was afiquoted and cryopreserved at -70°C until analysis.

Sera were analyzed by solid phase ELISA for reactivity against
mammalian-expressed, recombinant huTyr protein as the
specific target substrate. Briefly, high-affinity binding, 96-well
plates (Sigma, St. Louis, MO, USA) were coated with recombinant
huTyr expressed as secreted (and soluble) protein in CHO-
easyC protein-free spinner culture (kind gift of C. Andreoni
and Dr. J-C. Audonnet, Merial, Inc., Lyon, France); or purified
myelin-basic protein (kind gift of Dr. R.P. Fisher, MSKCC) as
negative control, overnight at 4°C. Coated plates were washed
twice with 1x PBS (pH 7.4) and blocked with 3% BSA in 1x PBS
(pH 7.4) for at least 1 h at room temperature, Plates wete washed
twice with 1x PBS after blocking and incubated with canine sera
serially diluted in 1% BSA (in 1x PBS, pH 7.4) for 3 h at room
temperature, To remove any nonspecific antibody or excess
serum protein, plates were subsequently washed three times
with 1x PBS containing 0.05% TWEEN-20 (PBST) and three
times with 1x PBS. Alkaline phosphatase-conjugated antidog
IgG antibody (Sigma} was diluted in 1% BSA {1:2500) and added
to each well for 1 h incubation at room temperature. Plates were
washed as described above to remove any unbound secondary
antibody, followed by the addition/incubation of chromogenic
substrate, p-nitrophenyl phosphate (Sigma). The colorimetric
absorbance of each well was measured spectrophotometrically
at 405 nm on the VERSAmax microplate reader (Molecular
Devices, Sunnyvale, CA, USA).

Flow cytometry

Human SK-MEL-188 and canine CML 83-2 and MDCK cells
were trypsinized, counted, and resuspended in FACs® buffer (1x
PBS supplemented with 1% heat-inactivated serumy}. For each
staining and analysis, 1-3 x 105 cells were fixed with prechilted
methanol for 30 min on ice, washed once with FACs* buffer,
and then permeabilized with 0.1% triton X-100 (in 1x PBS) for
30 min at room temperature. Treated cells were washed twice
with FACs* buffer and incubated with 50 pt diluted (1:500)
canine sera for 1 h on ice. Stained cells were washed twice
with FACs* buffer, followed by incubation with 50 pl diluted
(1:500) FITC-conjugated rabbit antidog IgG antibody (Jackson
ImmunoResearch, West Grove, PA, USA) on ice for 45 min.
Stained cells were washed twice, resuspended in 120 pl FACs®
buffer, and 10,000 events were counted using a FACscan flow
cytometer {Becton Dickinson, San Jose, CA, USA). FloJo
software (Tree Star Inc., Ashland, OR, USA) was used to analyze
the changes in mean fluorescence intensity after vaccination.
An increase {or positive shift) was interpreted as a measure of
serum antibody-intracellular tyrosinase interaction.

Statistical analysis

ST, defined as the time from receiving the first xenogeneic
huTyr DNA vaccination until death, was calculated using
Kaplan-Meier life table analysis for patients with or without
detectable humoral responses. For delineation of statistical
significance between the two subgroups on survival, log-rank
{Mantel-Cox) test was used; P < 0.05 was considered statistically
significant. The Cox proportional hazards ratic was also
calculated to evaluate whether the variable (antibody response)
was associated with ST. Patients were censored wpon death
unrelated to melanoma or if still alive at the end of the study
period, as previously reported (34).
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Eavironmental Safety

oontrol, Eﬁ%?gﬁnﬁggggzg

wiggigégﬁggaﬁmggg
implementation of the propossl would not significantly affect the quality of the human
ggnﬁ?!ﬂﬂg of an Eavironmental Impact Statement is not
required (Finding of No Significant npact).
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Nuclslc Acid-Madisted (Ganatic) Vaccines Risk Analysis for
Nudiaic Acld-Mediated .mw.ﬂ..s-nnw,- 'accines Risk Analysis for :o_._m...v."_:- DNA <-nn_=o

Meianoma is & uanaazoas_go_.g Survival time Is dapendent upon
many factors some of which are not well defired, Existing treatments include

aggressiva surgical intervention, chamotherspy and radiation; however, thelr
effectiveness is guestionable.

Merial has prepared this document to provide information on the Melanoma DNA
Vaccine that is being devaloped for therapeutic Immunization of dogs diagnosed with
melanoma. The document provides a risk analysis consisting of the summary

effects on the tast subjects or the zsaaaoﬂsuﬁwmo:ognﬁ&.

Extonsive testing of DNA vaccines over the last 10 years in animals and humans has
demonstrated that the safety Issuas postulated during the early days of DNA vacdne
technology (Integration, autoimmunity, tolerance) have not materialized into real
concerns. Blodistribution studies have demonsiratad that after veccination, although
small amounts of plasmid are transiantly and passively distributed throughout the
body, accumuiation in specific iasues doas not occur. Plasmid levels in the tissues of
vaccinated animais fall below the range detactable by PCR within weeks to months
after vaccination, These facts in corjunction with the inabllity of the plasmid to
repiicate within the animal, Indicate that the rsk of piasmid shadding into the
environmant is axceadingly low.

In the event of an accidental spill into the environment, the risk to target and non-
target animals Is negligible as the plasmid Is not infectious, It is not stabla under
environmental conditions and It would be unlikely to enter an animal via mucosal
{oral) or desmal (skin) contact. The minute amount of plasmid, which might be
ingested by an animal, would ba degraded In the stomach and as such, be
Inconsaquential, Shmflarly, the risk of uptake and malntenance by sofl bacteria Is

Eﬁﬁ plasmid would not be maintained In the absance of

This product wili be produced on [ medium devold of
and will be extensively purified and formulated without # The risk of
contamination with adventitious agents of significance to mammals will be virtually
eliminated.
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Nucleic Acid-Madiated {Genetic) Vaccines Risk Anatysis for Nucielc Acid-Medisted (Ganetic) Vaccines Risk Analysis for
Molanoma DNA Vaccina Malanoma DNA Vaccine

CONFIDENTIAL -CONFIDENTIAL :

strain. Yo the bast of Merial’s
susceptibliity associated with the

i, thare Is no known bacteriophage

B. Purity c.2.

B.1. 9 CFR 113.27 Purity Test Results
The purity of the host bacteria In the MSB was established according to
SCFR 113.27(d). i

Genatically Enginseted Bacterial Rapiication Host

In addition, the genus and spacies |dentification (l.e. demonstrate that the
MS8 is an F, col) was established according bo 9CFR 113,160 using
metabolic markers specilic of E. cofl. The Gram staining results oltained
ﬁgégasggigﬂnsgogngiﬁixmwgm

The MSB was found to be pure when tasted in ace
prpeeduras descibed above.

bacteria, No receptor for bacteriophages has been descritedon the Il
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B gvgag.g

The plasmid iz a sukaryotic axprassion vector, which has been
oﬂu—:_uﬂaq:ﬁg_o:o»nniﬂn!.o?_qi:n&non Injection Into

?o&&?gigggg .
anhancer, _susgngi;imsgwiig
engineered Into this plasmid.

A.4. Known Hosts for Parental Plasmid
E. coli bacteria.

AL, Repiiostion and Expression Control Elements

A5 Prokaryotic

AS.al.__Origin of Replication
?!nﬁaaitzsnlza!&%aigssg;cﬁns
%.lﬁ-ﬁnﬂﬁsl t_gﬁn:ﬂ-n n moleculayr

A.sall U-n_!__n_taga ), nﬂ-u:oo.d-.:ngo..ogg

o ™
Nucleic ucid-Medisted (Ganstic) Vaccines Risk b___-iu far
Mslanoma DNA Vacoine .

CONPEDENTIAL
%%hﬁ

w.!ﬁg ininzﬁe_&a.o .

AS gﬂsﬂ.ﬁ%@i!ﬁnig;
(Immunostimulatory snd immunosuppressive)

Based on mouse data, un%g%é!ggnoo:
modulate the immumne gu&:ﬁn@ﬂgg%
Bnsed on data obtained In other spacies, it is likaly that the actual
immunomodulatory sequences s Soo.on.avaosn (i.e. sequences
Identified In the mouse ars nct activa In larger animais), Since sequences
active In vivo in cats and. dogs yet bean identified, the effect of
Immunomodulatory sequences in that could have an impact In the
target spacles of the contemplated DNA vaccine i not avallsble.

A7 gg—.eﬁg giﬂr
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Nucisic Acld-Maediated (Genetic) Vaccines Risk Analysis for
Melanoma DNA Vaceine

ALt §yﬂg!nl
Tha stabilization of the 5§Ew§aéisgu§§3§o
bovine growth hormone termination an: Uozwa nylation signal

L.h
The doas not contain knewn u-aca:nﬂno..o:oonﬂ_ potential
and does not contaln sequences of orgin,

A.2. Diagrammatic Repressntation of Plasmid DNA (Product size
and restriction map)

:alu.-su-?..%._ _ o
can only replicate In £, coff, It cannot replicate within the
vaccinated animal. _yoﬁaau_iﬂ__n-:o«._: other bacteria s unknown.

Eﬂ.ﬁo gﬂgcﬁwsggi
(because i Is under the con n.d.o__o:n:_ﬁiann!d:-og

however, occur within the calls of the vaccinated animal | Sos.._osss
plasmid _ﬁn__oﬂ. administered.

Purity of Plasmid DNA {Product)

B.1. SCFR 113.26
Purified plasmid z____uogn? r detection of viabte bacteria and fungl in
accordance with 9 CFR 113.26.

Nudiaic Acid-Madiatad (Genstic) Vaccines Risk Analysis for
Melanoma DNA Vacecine

B.2.b. Cellular Comiponents

B..bhi, Bxtraneous DNA
Tha presence of chromosomal DNA in the vaccine should not ba &

T

. _.umn_.s!ﬂ.!d :Si.n:onwﬁa:ng:ng

B.2bil. RNA

ananan

Based on the above, the likelthood of adverse reactions in the feld shouid
be minimal and protein contamination should have no impact on tha
vaceine safety. .
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Nuclelc Acld-Medinted (Ganetic) Vaccines Risk Analysis for Nuclelc Acld-Medisted (Genetic) Yaccinus Risk Analysis for

Meianoma DNA Vaccine Melanoma DNA Veccine
CONFIDENTIAL CONPFIDENTIAL
As such, ;?gigggiﬁg% _ : 8. .q-i:e-n; _ _
DNA vaccines, Ea:!%slu;z»ﬁngiqaiﬁs _
June 21, 2002) considars that the Induction of anti-DNA antibodies is B.1. !—s-..—-_.s)ao!igna?u:f : i
gﬁ?i&ﬁﬁvﬂ&ﬂ_ alﬁgaaqs-gg% This vaccine Is 383:26&8«3!&:&8&&9&:38&!&.
melanoma vaccine, 50__85-.:!6_ 35§§3§E§§§ﬂ§§a
to appear In mature animals and are not expected in neonatal or juvenile
D.1.¢ Tolerance _animals.
Anothar safety Issua related to auto-Immunity, which hag been raised for
DNA vaccines, is tolerance. It has bean hypothetized that due to the low B.2. Target Site of Administration
but long term expression of the transgene, DNA vaccination could induce The vaccine is o be Injected aseptically Into the proximal half of the
tolerance mora asslly than other vaccine technologles. madial thigh caudal to the femur. This sits of administration will target
Eﬁﬂ%.ﬂoiﬁiuﬁ-«g
Currently, there Is a single vc!&-nos i_uga..unﬁ_:n:&o: of tolerance )
with a 8&?3-_-;::53 newborn mice (Mor et al., 1 Clin. sin . 8.3. Shed and Spread of Plasmig
88, 2700-5, 1997). Since this concern has not baen 8.53..!_ :
euﬁ..aoaa_u this appéars to be a theoretical Issue wi n.._.o!.-&n._ A3 -sdni:eﬁ;?
_igggﬁﬁié This position I3 In oao.ans_aui_ﬂau!q:i_d_s Into vaccinated animals, plaemids have
gﬂiﬁcﬂg%g%gg% been shown to be transiently distribited thraughout the body (Hkely
minutes of the 7* NAVSaC meeting hald at MIBSC UK on june 21, 2002, through blood transpoit and not through specific uptake tissun
retention). They are subsequently lost from most tssues within saveral
In the case of melanoma, iﬂggﬁgoﬁsgg days, probably by degradation (endonucisasec). However, around the
an issue due to the preponderance of target antigen I Injection site {In the corresponding tymph node and in muscular tissues)
melanocytic cells assoclated with the tumor. . plasmid Uz>n._=o nerally still be am v= Svoz-a!unﬁ_d_tia
(Paricer et al =.E Gene Tharapy, 1 1-758, 1999; Manam et al,
D.2. ThZ: Allerglc Raaction Induction Potential (activation of Intervirology, 43; 273-281, 2000).
avsinophlls and mast calls)
Although activation of eosinophils iaﬁﬂ._—a__ei__a DNA Importantly, aven though the plasmid DNA was found to persist in the
vacchn; wco_.._.ﬁm:on_uoa:uvon.:nn__cgn there ie :ouﬂon_ananﬂeo muscle at tha site of injection, no aberrant muscle pathology, muscle
-5655 e induction of alfergic reactions following DNA vaccination In . gﬂ.ﬂggiigseﬂgagu&g
disense was obsarvad In tha injected muscles. After a period of weeks to &
few months, the plasmic will be cleared from the injection site area,
Furthermore, any risk of protein %ggeb anaphylactic- .

_soaus_o:ou associated with the melancma DNA vaccine is considered to Digtribution of plasmids to gonads has been Inconsistent between studies.
be very low for the following reasons: Although & trangient migration into gonads cannot be ruled out, thera is
. nﬁﬁon_:os__ wou_dncﬂno._ mediuny no substantive evidence to support any sighificant targeting and/or

. a!::.ﬁn.ng. persistenca In thesa organs.
33885__ w.:dnq__ Bl N Environmant
E According to the iiterature, the risk of dissemination of plasmids in the
» the product wilt be & INIEREEEEENN vaccine. environment from the vaccinated animal Is exceedingly low because the

plasmid cannot replicate within the vaccinated animal.
Furthermore, the accidentsl releasa of plasmids in nature should hava no

V. ADMINISTRATION

A. Proposed Mode of Administration adversa effect bacause the risk that plasmids could be taken up by soil
bacteria is vary remote. Should th lasmid will mm
Al. Characterization of Live 8 acterial Catriar (If applicable) maintained in the absence of As this Is not
Not applicable. used In nu_._ocE..B applications, the risk of having a plasmid disseminated
5382.. s exceadingly low. Minute :8::&0_._13:._&“ which could
A2, g?&&‘g; uugnag_insl:_:ﬁwi be degraded In their stomach and
#w!.ovon-as Sncﬁ_alizggusgua)g;uSuE be of no consequance,

transdermal routs using & naedie fres device,
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Nuclaic Aclid-Medlated (Genetic) Vaceinas Risk Analysis for
Malanoma DNA Vaccine

A% Range of Time Piasmid Expressed and Consequances (n Target

Hoet Specles

)u!.zocnz_nﬂﬁwun n Section V.B.4., the actual duration of piasmid *

axpression in vivo is ggg&.ﬁéﬁiiﬁ depanding
g:.-uﬂcog_uunn_ﬁ&.agoi -ansovieg discussed,
the duration of plasmid expression s Hkely to be on _80-_13_-8@3

the durstion of immunity.

20

Ruclelc acid-Maediated (Genetic) s_nnsl Risk !.-_ir for
M |

Itis Cop in
Bnd!dsoﬁgﬂ__ﬁis-gsgoﬂ?zem&ﬁgﬁnanﬂ

the antigen Is axpected. Passive spreading related to the lysis of
transfected ﬂfgsgwuafnocvcﬁg_wwcsz_igﬂgga

cells will w.dun&?Qo.cnS! Ean%g!ggai Itis
an

immunity induced by DNA vactination is poorly understood.
>E§ﬁ..z$ Induction of specific antibodies (by DNA vaccines in genaral)
icogss:zrﬂsing. inactivated-adjuvanted vaccine, .

Immunol. 28: 4138-48, 1998)

ndesirable .s...-.ﬂo-_uas-o.
Ne specific undesirable Immune response is expected, &5 per Section Iv.D.




* KOPIE *

*5a]GOj0ULDES SUPILA JBYI0 UBYE AlISER BIOW SOURIRI
S0NPU| PINC UCHRURORA VNG ‘Duabsurl) Sy Jo uoissaadxs uu) Buoj Ing
MO] L33 03 9NP 1V PAZRAYIOUAY USDQ SRY I "SIURID|0] 5] *SAU[D0RA YNQ
JOJ PES|RI UBRQ SRY YIIUM ‘AJjuntuwiiogne ¢} pejeiad anss| AJajes JaLIoUY

soumeioL T e

"BUITIRA RIIOURISLL SUIULD & JO JusuKdopnap
a3 10j suoneondus] [23poed JNOYIIM TSNSSt [EO1IAI0IL © S) SIPOGIIVE YNA
-13UR JO UORINPU| BYY 38U} S13PISU0D (ZOOZ 'TZ SUNC UO N ISAIN 1@ PIRY

oﬁ Lu_po .UEBEoE 53 9_5: n!conﬁ..i <za _a_._n n...ﬁ-voE uRuInY E

*Apmys paysiiqnd s[4y U] pesn [@pow e5nol B o1 peeied Ajeoypeds

80 03 Aj9X|) puR |IOPOSUR S| UOPRAIREQO S|U) JRY) JAPISUCD DM "[RO
8SNOW F[Y} U] USRASIP W43 JO AILBARS DY L0 JO/PUR JRSUC SUF Uo JPRduy

oU pey SISR APOqAUR PRNW|; ISRyl ‘JRARMOH "(S66T ‘TOYI-B6ET 'S6
SYSBAUL "D '[ ‘@ 38 UosSaY[19) 33w auasd-sndn] uo pauuopad auem YNQ
piwseid Jo suoposful AdRMU UM SIHIE APOGRUR YNC-RUE JO 2SI
3yBiis @ suiodsy uojeaignd B|6u)s @ ‘SIPLUIUR AIJRIOIE] ISOW U] PRI
ussq suy 5e|pPOqRUL YN(-AUR Jo 8UIPAS ou YEnowpy uswdojeasp
ABOIOULDSS DY) JO SABP ALRD B U SNSE] (RORLD (RO)38I08Y) € S¢ pajuesasd
SEM UORRUIXORA YNG UBNAIL) SAIpogRUe YNO-IIUE #0nDul 03 AUIISSod awL

S9|poqavyY YNG-RUY "9° 19" 8

*RUWOURIILU WO
Ayjeprow YBIy pug SRR [QAIAINS UCYS B JO UOHRIEP)ISUOD U| [BW|W
£ 1AL 3PS S| YHM PRIRDOSER 3514 Y)Y ‘dojaasp saop uop@uatubidap
31 *{uip pue se9) vopRumwbidep P pARIgrxe sBop omg ‘Jersmoy
9SO MM S9[1D|X03 JuRdyjubls oN "RwourB

150y ay) mo u_._o:an
SIWR U "pegelur] aq

soriptly )

Bﬁ! xgﬂgg GH4H gg&ﬂg

<80y Y3 uo Pedw djbojoisAyd Jo INUISAS asiaApe Jofell
& Lj NS5 30U S0P 16y} UsIosd v 3abuy o) QISP 61 11 ‘95 SIYI AT

TVLLNAAYINOD
FUDIVA YNA RRIOURIOMN
404 S)FAjRUY 3=ry sRuRaRA (JRSUSD) _.-ou_no:.vﬂw a|eppnN

£

*(asuodsay aumuwi-03ne
ue) Jew|ue 350Y Y3 Aq J19S, 9G 0F PRSPISULS BSIMIBI0 uel0sd @ Jsuiele
@suodsa) BUNLILY UR JO UOHSNPUL SAJOAU} ABW SHY), "uolssauBal Jowing
BJE[JiU| JO IEROSIP BGMS AONPUL 0] JAPJO Ul 9|GRISIP S| SUILd 3FI] Jo
310w 1o suo Jsujebe asuodsad FUNWIWY UR JO UORINPUL *|RLUIUR JSOY 83 03
ulbjouo] SR s|jas Jueud|Ru 8y uo pessisdxa sueIond SZIUBOIRL O) WIISAS
SUNMLWY Sy JO BN||Y) ©] ANP SINI00 SWOURIAL JO JuWLORARD BYL
Isuen u AQiunuwnnjoiny ‘e 1'q9'1°'g

uoRsUERRA TY'T'E
Awps jewuy etiel  'q'T'd
"UORRUPOEA VNG UM pS1a[sossy ussy
BARY UIIUM ‘Sanss] 3y199dS SSapPPR 0} SPRW BIR UOHIOS SIS U SIUBLLILLIGD
Bl "S{EILJUR S}jUIAN puRr |MEUCDY U] INSS) UR PRISPISUOD J0U 5}
Jasugd IsNedaq sbop JInpe ) uopeindod 18iiE] BUL 1BUY PAICU 24 PINOYS AT

‘(u

pue J#d) uopeuawBidap puw PINQIYXe sBOP om) “anamoy Jsbop
U3 Ut PSAJRSGO 2U8M SPIDIX0) JUEIYIUBIS ON "BWOURPW Yilm sBop

Ajejus [rwijuy ‘3@

*SUORA VNG Y3 JO I5N PIPUILILIOIN
21 03 PARRIN ABjRS [UBLIUCHALG puR ‘Alajae (Ivay Jliand ‘Aees e
03 PRSI KIUNAD SRIBAPR BIgissod || BUIARLAP] JO SISISUCO UOREIYRUIP! PINZEH

UOREOYRUDPY PIRZRH *

. ‘ "
Uo|PesS Ui pepjackd S| uoRLLIOJU| SIUL TPRZLAPWIRYD Auadoid s tusurBiooudiw
SUPORA  OU3 JRY) SSUIhDAL  JUMUSSISSR HSH & JO uopepdwioo aug 'SRl
JYHUPRS PaysGIse pue Nep |eMdwe Uo peseq e SpsuewIRYY Alajes eyl
‘aujoorA ay3 Jo SHISHAPRIRYD AYaJes UO DASRA POINDUOS $1 JUMLSSISSe NsU aul

sunpecold Y

TWRAS PARIPAIAUN 1O PIIIdXe UR 1O {JUIAD U UM paRosse Ayjiqerdpausd
Jo maussqe ‘jued Jo “ysy ‘Jebuep v 5@ PAUYEP S| PIRZEY ANSjUS ¥ JUILUUCIIAUD
aw 1o ‘yjeay jiqnd ‘siewijue 03 SpIZRY AJ3jRS SR PAUYSP B4 SIUBAD FSIBADY
‘SINDD0 JUBAD ISIDAPR JRY} J) SIOUSNDOSUD Syl pue BULNNOOO JUSAD SSIOAPR
ue Jo poarjdy Wy Buynuap) Jo ssenoxd i) S PAuUyYap a4 AQu JUIISSISSR NSIY

JANTNSSIASSVY NSIY "IXIA

IVIINAGIINGD
FUPIVA YNQ HUouLR|oN
4o} sisAjruy 381y SPUINA (DRSUSD) PRIRIPEW-PIIY JSIINM

St b




* KOPIE *

Nuclsic Acld-Madiatad (Genetic) Vaccines Risk Analysis for
Melanoma DNA Vaccine
CONPFIDENTIAL

In the case of melanoma, we consider development of tolerance to not be
S_wsoa e to the auoiun..ﬂo..sas antigan [N \»

celis associated with the tumeor.

B,A.b,1.4. Th2: Alle| Induction Potentini (activation of

sosinophiis and mast calls)
Although activation of eosinophils and mast ceils following DNA

- vaccination has not been spacifically assessed, there is no specific data to

!vuons_:n:&e:o..__-a i-ouo_.sa_oisuu:)ﬁon:&a:_:

Furthermore, any risk of protein related adverse effects (i.e. anaphylactic-
ke ragctions) associated to tha melanoms DNA vaccine s considared to
be very low for the following reasens:
= the vaccine will be produced on [ medium
. gg?ég_sggizgnggg E Colf

. En!ﬁ_.._ni_ be » I vaccine.

B.1.b.1.a ._.na-o:no._.o-_- by inssrtional mutsganesis

Congequences of 8 recombinant event Involving the chromosomai DNA are
subjact to spaculation. Preblems associated with such events have not
heen reported, likely due to the ggggﬁ!.ﬁo«oﬁi«:ﬂ
Safety evaluations of injection sites have bean performed. Plasmid D

was found to persist in cﬁacnn-unn.ou_io_.io&oa:oiga:o

al

Gene Therapy, 1 et al, u_.s!.sa_onm. 43; 273-
281, 2000). In nn__ao... n._ doses not contain known
ﬂo:oonos_ovogu_ and does not contain saquences of

origin.
B.L.b.A.f. Risk for gno_-igu-i%
...:o:. [anoma DNA vaccine Is unique compared o conventional vaccines

In that the targeted class is noa with melanoma. These a :..u_u enerally
represent older individuals in the canine population. Proulx, et.al
Bvo..eonuﬁ_.:on_a age qo.. 140 dogs diagnosed with mela 33930»
years with a range of 2-19 years, ngg Ultrasound,
44(3):352- monoomu._._..n_.&o?:oo:uﬂ and juvenile dogs are not the
targst class for this vaccine.

4

o-o-o)n_.-ul&—-o.n n@‘—-ﬂﬂﬂu Vaccines Risk Analysis for

933833%38&03_652.:5558_! aa&onwg:g?n
least 3000x lower than the natural mutstion rate In an organ _a!nn artin
et al. Human On_..o._.:o_ds‘ 10; 759-68, 1999; _b&sn..cn
Intervirology, 43; 258-72, Noooﬁ :n»_._ nnE risk of | :ﬂoiao:_.so
fatal tissuas or Bu&nc&ﬁgwco_oisgnxosné_oﬁ

Some experimental data indicates that, occastonaRy, when the plasmid
wag detected in gonads, it dissipated rapidly and was siways
sﬂ_ﬁ:ga-o!n_ 8.5..::3 low risk of germiine ansmission (Manam
et al, Intervirology, 43; 273-261, 2000).

Egﬁeg Sggg n the literature
{Gerdts et al,, J. Immunol., 168; 1877-85, 2002). ns!n..u_sﬁazu
iaiwigaiﬂ:g%.gﬂgsgﬁoi
cavity of famb fetus during surgery, It Is unreiated to the transmission of

.9._-._:5:.2: & pregnant anbmal to its (¥spring and is not relevant to the )

vertice! transfer.

B.1.b.2. Vaccination/Challenge
This vaccine Is utilized as a zos.u:.vw_&n animais that already exhibit
Mﬁiﬁﬂann _u-nan 903 ._.on_.i_ ._.__u...—.ﬂ.-uo:angoa _u3< Q.__

Ve d NENArERDN 1D YIEUNAE

Since the melanoma DNA vaccing Is not infectious and cannot replicats in
eukaryotic cells, Merial I3 of the opinjon that reversion to virulence Is not a
[ SiEve] sl S 18 neanoms v.,r PR AR IS

8.1.5.4. Purity Testing

B.1.D.4.8. M5B Puitty Tasting
._._.nvc_._..«eqcﬁ host bacteria In the MSB has been established according
to SCFR 113.27(d).

;nzmwsamgsvov:«o;?ﬂnn accordance with the

.—. NRIB N R0
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Nucteic Acid-Madiated (Ganatic) Vaccines Risk Analysis for
Melanoma DNA Vaccine
E

1n addion, Meriel (in agrésrant With the 2002 revised WHO Guidolines

Su;g%nﬁciusgﬁungglzﬁncx
on June 21, 2002) considers that the Induction of antl-DNA antibodiss is
theoretical Issus, without practical implications for the developme: 302.5
canina melanoma vaccine.

B.2. Public Health and Safety

B.2.a. Summary
Public health concarns associated with the use of the melan .....-az>
vaccine are not expected.

B.2.b. Probabiiity of c.s!.usso-:.l
ﬂ!!!E:E axpogure is tow, Tha vactine containing the
plasmid is for animat usé only (under the prescription and
suparvision of qualified vetarinary personnal). Adminjstration of the
Injection by a qualified vetsrinarian further reduces the Hkelihood of
accidentat spread. The mibst Hkely exposure is through accidental self-
injection and therafors limited to personnel administering the veceine

{veterinarian or vaterinary technical personnel).
B.2.c. Eﬁnag Parent EEI..I-_-:..E!‘
._...u_un_dﬂ_u_s_.: is not pathogenic In humans bacause It Is not

infectious and it contains no sequance E.oi: 8 cw _=<o_<mn In ::3!..
pethoiogy.

B.2d. Virulence of tha Vaccine Microorganism in Humans
Since the melanoma DNA vaccine Is not infectious and it containg no
n!_:-:o-_ﬂe! " to be Involved in human pathalogy, Marial Is of the :
opinion that the vinilence of the ﬁﬂig_naoanws n humans Is not
a relevant issue for this vaccine,

B.3. Environmental Safety

B.3a Summary
Eaassﬁggnsaaw&g n of plasmids in the

nation of
anvironment from the vaocinated animal is exceadingly low because the
{ he

plasmid cannot replicate within tha vaccinated animal. Furthermore,

-on.nnzﬂ.%o«i-!:&a nature should have nn advarse affect

because the risk that plasmids could be taken up by soil bacteria Is very
i be maintained In the

ahmanca ot SRR

Nucieic Acid-Madiatad (G -:.nnugghuni s for
Melanoma DNA Vacein
821"0-2._."_’_.

B.3.b. Enviranmental _wgﬁ-ao:
‘The existence and extent of an environmental distribution of tha
melanoma DNA vaccin m:ﬁigoac_;&o_.avog.

B.3.C. Shed/Spread Capabliities
Marlal Is of the opinton that the malanoma DNA vacting s assoclabed with
BB-&:E low rigk of envirommental _.-_oﬂ-?qq.oa__oizn FRRSONS:

have been shown to be transiently distributed throughout the uo&
gui%ﬁ:&!ﬂgiﬁnnﬁ:ﬂ_&g*%ﬁ
.. :

_..
and in muscular tissues), for several waeks.
Importantly, even though the plasmid DNA was found to persist in
%3:—&-2?%%3&8: no abarrant muscle pathology,
muscle toxicity, or immune-mediated pathology Indicative of an
autc-immiine disense was obsarved in tha Injected muscies, After a
iiiﬁsaig%,gi_gnig
So_aoﬁgzﬂuiag#! Human Genea Tharapy, 10;
741-758, 1999; Manam et al, =§3_3< A3; 273-281, Nooeu

Based on tha above Mertal is of the opinion that the risk of plasmid
!&gg a vaccinated animal into the environment is axcesdingly

In the avent of & uonausﬂ_nvs_ there is 3:%3..93!3::?833
!:._s coo!_a-u..!-aia (a) not infactious, (b) unstable In the
environment and {c) extramely Smang:n_!iaﬂn_i:ao organism
aftar mucosal (e.g _.ucoo_._nuﬂ Minute amounts that might be ingasted
Eunau_aio:_nwonnagon n the stomach and be of no consequenca.

B.3.d. o._-ue-u-ﬁ!-.._.-d nsmission / Recombination Potential
Horizontal gene transmission or recombination events would require that
9_..._-3@:220 ?5533-335.%90!:85-%
risk Is excesdingly low due to the remote likellhood that the plasmid will
survive In the snvironment (Section VIIL.B.3. v
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Mucisic Acki-Mediated (Genetic) Vaccines Risk Analysis for
Malznoma DNA Vaccing

A detailed trial protocol will be submitted to CVB for approvat prior to the
conduct of the eMcacy trial.

C.2.0.1, Tha Numbaer of An
Efficacy: it is anticipated thet
reqguired to demonstrate efficacy of the vaccine.

C.2.8.2. Description of Animais:
Efficacy: client cwned dogs diagnosed with malenoma.

non-nﬂo:iiu.am_n:oaa!d

thigh region using & needle free vaccination device.

mute In the medial

* KOPIE *

C.2.a,7, Msthod of disposing waste:

Empty and used vaccine viais will ba returned to Merial Lid, Athens, GA
for disposal by autoclaving. The needle free device disposables will be
disposed of acconding o guidelines used in each vaterinary clinic {l.e.,
autodaving or incineration). All unised vials will be raturned to Merial Ltd.
Athans, GA., where thoy will be archived until licensure.

C.2.4.8, Decontaminntion of test sita:
All materials used In the clinic that have had direct contact with vaccine
fluid (needie frea disposables, trays, etc.) should be discarded, autoctaved
or disinfected with a disinfecting sojution.

~ .. ~
Nuclelc actd-Madiated (Ganstic) Vaccinas Risk Analysis for
Melanoma DNA Vaccine
CONFIDENTIAL

1_.,,.1.....|.'IL.G¢.

: a
W8 minimize any rigk
%Sagnczazii: Sm.._n_ _..6-33:3%:5
_qu!__ ure will guarantee that no vaccine Is left on the skin of
imal

. 4.538.:»8::23 amplified In the vaccinated animal because

it Is basad on a highly purified plasmid that has no eukaryotic

origin 220__95:

« Amount of injected plasmid is very low I
=  Low likelthood of Shed/spraad of DNA from v Sn.:uﬂna imals

Basad on the sbove Merfal is of the opinfon uﬁu.n:uxo_.u.-uzﬁ
ascape and dispersal from a vaocinated animal into tha environment Is
exceedingly smali,

In dﬁu_ﬂsﬂg;‘a;gs—_ggggg

:S.:?&!s.@:iﬂctiasgéﬁsgﬁni:%ﬂ?

inafficient for penatration into an organism sfter mucosal (¢.g., oral)

contact. Minute amounts that cou _neoﬁgo&n_&a:_:swi__vo
no 5

Based on the above Merial s of the opinion that the risk of plasmid
escape and dispersal from an accidental spiii into tha environment is
exceedingly smail.

C.2.g. Potentinl for establishmant in the savironmants
Possible establishment In Sos_sa::.o::i

chemical or physical treatment,

Furthermare, should such =n avent occur It wouid be without
uoﬂig!g_ni__:ggaurﬁiiﬂiga
. 25 this antiblotic s not used In agriculturs! applications,

of having a plasmid nsooa_aoggo:s%nﬁgﬁisa
low,

€.2.g.1. The bioiogical organisms found on the test site:
‘Fhera will not ba intantional intreduction of known animal or human
pathogens Into the test sites, Non-pathogenic environmental organisms
may be found and pathogenic organisms typlcal of veterinary clinics and
places of residence of domestic animal species may be found.

C.2.9.2. Nutrient status: _ _
There Is no known nutrient{s) at the test site that will allow or promote
the growth of plasmid DNA.

33
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Conciusion and discussion of rigk:
~ Tha risk to & iﬂsgéggﬂgzﬂi

: and safely studies in dogs with the melanoma DNA vaccine, is low. The )

meianome DNA vaccine cannot replicate In eukeryotic calls. It is 5353
. eﬂo&oﬁﬁvggéiig and {c) extremely

ineficent for penetration into an organism after mucosal {e.g., oral)
contact, Egg;ggisggig
gsggifﬁigg .

D.5.b. - Risk to Public Health and Safety
Likslthood Rating: Low (LL)
Degree of Certalnty Rating: Certain (C)

oﬂﬂgig%i
g-ﬂ%%f&.ﬁ:ﬂ:ﬁﬁ&ii&cﬁgsg?
melanoma DNA vaccine, Human axposure will be limited to the qualified
giagaggigiigﬂg
w

D.5.c. !-_.355333!8_5
Likelthood Rating: Low (L)
Uai&nm.ﬂ_sﬁgan Cartain (C)

Nuctsic Acld-Mediated aoosacn. Vaccines Risk Analysis for
Malanoma DNA Vaccine
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The ety ricle to environment are low. The vaccine wil be Kapt in single
o i.l.l_;nriﬁsswi&u&ansﬂaiai

év&iﬂ!igg?ﬂ:uﬁgg .

Into the environment, the :n_u___a.o:_. vaccine to
infect and replicate any eukaryotic spacies should eliminate any risk of
persistence In the anvironment.

IX. Risk Management
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