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Abstract 

New efficient vaccines against cancers and infectious diseases are in demand. In 
1993 heat shock protein 70 (hsp70) purified from tumour was shown to elicit 
tumour protection in mice. It was also shown that the protection was not mediated 
by the hsp70 itself, but by tumour-specific peptides bound to the molecule. In this 
thesis I have studied hsp70 in two different tumour systems and in one viral system 
to find out if this chaperone has the capacity to act as a useful vector in cancer and 
viral vaccines. 
The first tumour system studied was the methylcholanthrene- (MC-) induced 
fibrosarcomas. These tumours express tumour specific antigens that have not been 
characterised. T cell cultures from mice immunised with different MC tumours 
were tested for recognition of the tumours in vitro, as well as for recognition of 
peptides eluted from the different tumours. The recognition in vitro correlated with 
the tumour protection in vivo and was specific for each tumour. The recognition 
was mediated by CD8+ T cells, as depletion of CD4+ T cells or using T cells from 
CD4-/- mice showed the same pattern of tumour recognition.  
Hsp70 was purified from MC tumours or from liver tissue and used to immunise 
mice. Upon challenge with live tumour cells it was clear that mice immunised with 
hsp70 from tumours were significantly protected from tumour outgrowth. Mice 
immunised with hsp70 from liver tissue were not significantly protected, but the 
tumours in these mice grew slower than in the buffer control mice. This delay can 
at least in part be explained by the ability of hsp70 to activate macrophages as 
shown here. T cells from the tumour-purified hsp70-immunised mice were 
stimulated in vitro by the cognate tumour, but not by other MC tumours, to 
produce TNF-α. Three hsp70-immunisations failed to elicit antibodies to hsp70.  
 
Hsp70 was also purified from two human melanoma tumours and pulsed on 
monocytes. Specific T cell clones were incubated with the pulsed monocytes to 
study if tumour specific peptides could be presented by the MHC class I or II of the 
hsp70-pulsed monocytes. Four out of five clones were stimulated by the pulsed 
monocytes in a manner that was dependent both on the presence of antigenic 
peptides bound to hsp70 and on the expression of the restricting HLA molecule by 
the monocytes. It was not necessary however to have the hsp70 purified from a 
tumour expressing the T cell restricting HLA molecule, clearly indicating that 
hsp70 is mediating cross-priming. 
The last study was performed in the Lymphocytic Choriomeningitis Virus (LCMV) 
system, using recombinant hsp70. A known LCMV specific CTL epitope was 
mixed with hsp70 in vitro under peptide binding conditions. Mice immunised with 
this mixture and challenged with virus had 10-100-fold lower viral titres after 
infection, and CTLs from these mice could kill peptide-pulsed target cells as well 
as LCMV-infected cells. As hsp70 was effective in eliciting protection in vivo and 
CTLs in vitro, has in itself adjuvant effects and at the same time does not elicit 
neutralising antibodies, hsp70 proves to be a promising candidate as a vector in 
future vaccines. 
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KALAMA SUTRA 
 

Do not believe in anything (simply) because you have 
heard it; 

 
Do not believe in traditions because they have been 

handed down for many generations; 
 
Do not believe in anything because it is spoken and 

rumoured by many; 
 
Do not believe in anything simply because it is found 

written in your religious books; 
 
Do not believe in anything merely on the authority of 

your teachers and elders; 
 
But after observation and analysis, when you find that 

anything agrees with reason and is conductive to the 
good and benefit of one and all, then accept it and live 
up to it.” 

 
    LORD BUDDHA 
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Abbreviations 
 
aa Amino acid 
ADP Adenosine diphosphate 
APC Antigen presenting cell 
ATP Adenosine triphosphate 
β2m β2-microglobulin 
BSA Bovine serum albumin 
CD Cluster of differentiation 
CTL Cytotoxic T lymphocyte 
DC Dendritic cell 
ELISA Enzyme-linked immunosorbent assay 
ER Endoplasmic reticulum 
FCS Fetal Calf Serum 
GM-CSF Granulocyte-macrophage colony stimulating 

factor  
gp96 Glycoprotein 96 kDa 
HLA Human leukocytes antigen 
HPLC High pressure liquid chromatography 
hrhsp70 Human recombinant inducible hsp70 
hsc73 Heat shock cognate protein 73 
hsp72 Heat shock inducible protein 72 
hsp70 Heat shock protein 70  
ICAM Intercellular adhesion molecule 
IFN Interferon 
i.p. Intraperitoneal 
LCL Lymphoblastoid cell line 
LCMV Lymphocytic Choriomeningitis Virus 
Ig Immunoglobulin 
IL Interleukin 
kDa kilo Dalton 
mAb Monoclonal antibody 
MC Methylcholanthrene (a carcinogen) 
MHC Major histocompatibility complex 
MØ Macrophage  
NK cell Natural killer cell 
s.c. Subcutaneous 
TAA Tumour associated antigen 
TAP Transporter associated with antigen 

presentation 
TCR T-cell receptor 
Th T helper cell 
TNF Tumour necrosis factor 
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Sammanfattning på svenska för icke-immunologer 
 
 
Man bör gripa sig an en lätt sak som om den vore svår och en svår 
sak som om den vore lätt. 
 Baltasar Gracián 
 
 
Denna avhandling handlar om ett protein kallat hsp70 och dess användning i 
vaccin mot cancer och virussjukdomar. För att kunna ta fram ett vaccin måste man 
veta hur kroppens immunsystem fungerar och hur man kan styra dess reaktioner. 
Som tur är känner man idag till en hel del om vårt immunsystem och vilka aktörer 
som är viktiga i olika sammanhang. I denna sammanfattning kommer jag lyfta 
fram några av dessa aktörer. 
 
Immunsystemet är kroppens försvar mot inkräktare, och det liknar på många sätt 
en arme utrustad med olika vapen. Det har också olika soldater med olika uppgifter 
att ta hand om. För att du lättare ska kunna få en inblick i vad som händer i 
immunsystemet tänker vi oss en väktare som får en ovälkommen inkräktare, säg en 
bakterie. Inkräktaren lyckas ta sig genom grinden, huden, genom en skråma. 
Dessutom är inkräktaren inte ensam utan har hundratals till med sig, och alla väller 
de in. Det de vill är att äta gott och de tar för sig av allt de hittar.  
Men snart kommer den förste väktaren. Den är en typ av vit blodkropp, en 
makrofag, som kan känna igen en inkräktare. Den märker att nykomlingarna inte 
hör hemma här, och den kommer att försöka äta upp, ja äta upp faktiskt, så många 
som möjligt av inkräktarna. Den lyckas äta upp ett flertal och tuggar sönder dem i 
små bitar.  
Som alla väktare har makrofagen också som uppgift att slå larm när inkräktare 
kommer. Den utsöndrar därför kemiska substanser som kallas cytokiner. Dessa 
kommer att locka andra celler till platsen och aktivera dem så de är redo att slåss 
mot inkräktarna. En del cytokiner kan också döda inkräktare direkt. Alla dessa 
reaktioner gör att det börjar bli svullet, varmt och ömt på platsen. En inflammation 
uppstår. 
 
Hittills har försvaret förts så som det alltid förs när inkräktare först anländer, 
snabbt men med ospecifika vapen. Men immunförsvaret har också specifika vapen. 
Dessa kan känna igen en specific inkräktare och är mycket effektivare än de 
ospecifika vapnen. Dessa vapen måste först aktiveras, och därför vandrar du till ett 
av vapenförråden, lymforganen.  
I lymforganen sitter nya soldater i försvaret. Den ena typen är B-cellen. Denna 
soldat är bra på att tillverka missiler, antikroppar, som kan känna igen in viss typ 
av bakterie eller andra inkräktare. Men den makrofagen söker är en annan typ av 
soldat. Den söker en T-cell.  
Det finns två typer av T-celler. Den ena, kallad CD8+ T-cell eller CTL, är en 
mycket farlig sodat. När han aktiveras går han från cell till cell och letar efter bitar 
av främlingars proteiner, så kallade peptider. En del inkräktare så som virus, men 
också en del bakterier och parasiter, försöker gömma sig för immunförsvaret 
genom att ta sig in i celler. För att kunna upptäcka inkräktare måste alla celler visa 
upp ett passerkort, en bit av sig själva med en peptid, på sin yta. Om CTL-soldaten 
hittar en främmande peptid på någon cell kommer han att tro att cellen har blivit 
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infiltrerad av inkräktaren och ha ihjäl denna cell genom att utsöndra toxiska 
ämnen. På så sätt förhindras att inkräktaren hinner sprida sig till andra celler i 
kroppen.  
För att inte riskera att CTL-soldater ska löpa amok och orsaka autoimmunitet (ha 
ihjäl kroppens egna, friska celler) förblir de inaktiva tills de aktiveras av t.ex. en 
makrofag. Makrofagen kommer till en lymfknut där oaktiverade CTL-soldater 
sitter och väntar. Här visar den upp peptider från de inkräktare den ätit upp. Om 
någon CTL känner igen någon bit av en inkräktare kommer den att binda till 
makrofagen, och det är dess uppgift att nu aktivera denna CTL. Med hjälp av flera 
molekyler på dess cellyta ger den CTL-soldaten signal att bli aktiv och ge sig ut att 
leta efter inkräktare.  
 
När makrofagen är i lymfknuten kan den också aktivera den andra typen av T-
cellssoldat. Detta är den s.k. CD4+ T-cellen, officieraren. Den aktive officieraren 
har viktiga kontrolluppgifter, men han kan också döda själv. Detta gör han genom 
att utsöndra vissa cytokiner, varav en del är sådana som makrofager också kan 
utsöndra. Officeraren utsöndrar också andra typer av cytokiner och kan på så sätt 
styra vilken typ av försvar som det är lämpligt att rikta in sig på: CTL-soldater som 
letar efter inkräktare inuti celler eller B-cellssoldater som producerar antikroppar 
mot inkräktare som finns utanför celler. Både CTL-soldaten och speciellt B-
cellssoldaten behöver hjälp av officieraren för att kunna agera så effektivt som 
möjligt.  
 
Aktiverade T-cells- och B-celler lämnar alltså lymfknuten och ger sig ut i blod, 
lymfa och in i olika organ för att leta efter inkräktare. De cytokiner som 
makrofager och andra celler utsöndrar kan leda dem till rätt plats snabbt. Men bara 
några få celler blev aktiverade av de peptider från inkräktarna som makrofagen 
visade upp. Innan de kan angripa fienden måste de bli fler, och därför kommer de 
först att dela sig ett flertal gånger. Resultatet blir ett stort antal T- och B-celler som 
känner igen just den inkräktare som just nu måste bekämpas. Denna process tar 
några dagar, och först 7 dagar efter första tecken på infektion är försvaret som allra 
bäst.  
Om en inkräktare, t.ex. ett visst virus, har tagit sig in flera gånger tidigare kommer 
en del av immunsystemets B- och T-celler att komma ihåg detta och vara bättre 
förberedda på den inkräktaren. Den tredje gången kommer därför inkräktaren att 
slås tillbaka betydligt snabbare än första gången han lyckades ta sig in, och denna 
gång hinner det kanske inte ens bryta ut några sjukdomssymptom.  
Syftet med att ge ett vaccin är att härma en infektion och därmed få 
immunförsvaret förberett på en viss inkräktare. Detta kan man utnyttja inte bara för 
att framställa vaccin mot mikroorganismer, utan också för vacciner mot tumörer. 
En tumörcell är i jämförelse med en bakterie mycket lik alla våra andra celler i 
kroppen, men det finns en del skillnader som kan utmärka en tumörcell. Dessa 
skillnader kan vara tillräckliga för att en CTL ska känna igen skillnaden på cellytan 
som främmande och döda tumörcellen.  
De flesta cancerpatienter behandlas idag med strålnings- och kemoterapi samt 
kirurgi, och oftast lyckas man komma åt den ursprungliga tumören på detta sätt. 
Problemet är att man inte brukar lyckas döda riktigt alla tumörceller i patienten. 
Ofta kommer några celler undan, och det är tillräckligt för att nya tumörer ska växa 
ut. Därför vill man be immunsystemet att rycka in och hjälpa till. En del kliniska 
försök som pågår nu går ut på att ge immunsystemet peptider från tumörceller 
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(dessa kan tillverkas syntetiskt) och på så sätt lära immunsystemet att se 
tumörceller som främmande. Eftersom tumörceller är så lika vanliga celler blir ofta 
immunsystemets reaktion svagt. Därför försöker man hitta nya sätt att mer effektivt 
aktivera och förstärka immunsystemets reaktion mot tumörceller.  
 
Ett sätt att stärka immunsystemets reaktioner kan är att använda proteinet hsp70. 
Hsp70 står för heat shock protein 70 och är en gammal del av cellen, så gammal att 
den finns i alla organismer från bakterier till människor. Den är mycket viktig och 
utan den skulle cellen inte överleva. Hsp70 har till uppgift att hjälpa nya proteiner 
att bildas rätt och transporteras in i cellens olika delar, samt att hjälpa proteinerna i 
cellen att försöka lagas när de utsätts för stress och blir uppbrutna, denaturerade.  
För att kunna göra allt detta har hsp70 en viktig egenskap: den kan binda till delar 
av andra proteiner, till peptider. Hsp70 som finns i en viss cell kommer att binda 
till peptider som är typiska för just den cellen, även då den cellen är infekterad eller 
har utvecklats till tumörcell. Hsp70 binder då även till peptider som är specifika för 
just den infektionen eller tumören. Denna egenskap hos hsp70 är viktig för de 
effekter som jag har studerat. 
 
1993 visade en grupp amerikanska forskare att man kan utnyttja hsp70 för att få 
skydd mot tumörutväxt i möss. De hade renat fram hsp70 från en mustumör och 
vaccinerat möss med denna hsp70. Därefter hade mössen fått tumörceller av 
samma typ som man hade använt vid renandet av hsp70. Man kunde konstatera att 
de vaccinerade mössen inte fick några tumörer, till skillnad från ovaccinerade 
möss. Dessutom var det viktigt att hsp70 fortfarande band till de tumörspecifika 
peptider som den hade från tumörcellen. Om dessa peptider togs bort blev mössen 
inte längre skyddade. Men hur och varför fungerade det skydd som man kunde se? 
Och kan man föra över denna effekt till att fungera på människor? Det fanns 
många frågor att besvara. Jag har, genom flera samarbeten, försökt besvara några 
av dessa frågor. 
 
Mina försök visar att hsp70 kan fungera mycket effektivt i vacciner mot tumörer 
och virusinfektioner, och att den har åtminstone tre egenskaper som är viktiga i 
dess roll som komponent i ett vaccin.  
Den första egenskapen är att hsp70 binder till peptider som kan kännas igen av T-
celler som tumör- eller virusspecifika. Möss fick skydd både mot tumörer och mot 
virusinfektion med olika hsp70-vacciner. För att få det specifika skyddet var det 
avgörande att de specifika tumör- eller viruspeptiderna fanns med. Peptiderna 
kunde fås fram tillsammans med hsp70 när detta renas från celler, men de kunde 
också tillverkas syntetiskt och blandas i provröret med industriellt tillverkad hsp70. 
I båda fallen såg jag ett bra skydd så länge både hsp70 och peptider fanns med i 
vaccinet. Om man lätt och billigt ska kunna tillverka hsp70-vacciner i stor skala är 
det viktigt att de går att framställa  syntetiskt, så dessa  resultat är viktiga för 
vaccin-utvecklingen. 
Den skyddande effekten jag såg beror delvis på att hsp70 skyddar peptiderna från 
att brytas ner för snabbt, men också på att hsp70 hjälper till att få peptiderna på 
antigenpresenterande celler, sådana som vår maktrofag tidigare. 
Antigenpresenterande celler visade upp peptiden för specifika T-celler som i sin tur 
reagerade med att bl.a. producera cytokiner, något vi också såg tydligt med T-
celler från cancerpatienter. 
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Den andra viktiga egenskapen som hsp70 har är att kunna aktivera 
antigenpresenterande celler. Jag kunde tydligt se att makrofager från möss som fick 
hsp70 började producera cytokiner, och det kunde också ses med mänskliga celler. 
Cytokinproduktionen kan till viss del härma reaktionen vid en infektion och göra 
att T-celler lättare aktiveras. Det sätter immunsystemet på en mer alert nivå. För 
denna aktivering behövs inga peptider, utan det verkar vara en egenskap som 
hsp70 har i sig själv.  
 
Jag kunde notera en tredje viktig egenskap hos hsp70. Jag kunde använda det för 
minst 3 vaccinationer utan att immunsystemet verkade reagera på själva hsp70. 
Detta är viktigt ur två askpekter. Dels innebär det att det går att använda hsp70 med 
peptid flera gånger i samma individ och att immunsystemet hela tiden kommer 
kunna reagera på peptiderna. En del ämnen som man har provat att använda i 
vacciner ger mycket starka reaktioner mot sig själva och immunsystemet kommer 
då inte se de specifika peptiderna. Detta problem verkar inte hsp70 ha. 
Den andra aspekten är risken för auto-reaktivitet. Hsp70 är ett protein som vi alla 
har i alla våra celler. Det är viktigt att försäkra sig om att man inte startar generella 
reaktioner mot vävnader i kroppen. I mina försök kunde jag inte upptäcka några 
tecken på autoreaktivitet.  
 
Mina försök har visat att hsp70 är en bra kandidat att använda i vacciner. Den 
uppfyller de flesta viktiga krav, och den kan också användas på olika sätt i olika 
vaccinationsstrategier. Nu är det dags att se om dessa löften uppfylls i kliniska 
försök.  
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Summary in English for non-immunologists 
 
 
When that passage was written only God and Robert Browning 
understood it. Now only God understands it.  
 Rudolf Besier 
 
 
This thesis deals with a protein called hsp70 and the potential to use it in cancer 
and viral vaccines. To be able to make a good vaccine it is important to understand 
how our immune system is working and how one can direct its reactions. Luckily, 
today we know rather much about the immune system and which of its players are 
important in different situations. In this summary I will first present some of its 
players. 
 
The immune system is our body’s defence against intruders, and it is in many ways 
like an army, equipped with different weapons. It also has different soldiers in 
charge of different tasks. To make it easier for you to visualise what is happening 
in the immune system, we will visualise a guard that discovers an unwelcome 
intruder, say a bacterium. The intruder manages to get through the gate, the skin, 
via a cut. In addition, the intruder is not alone, but has hundreds of others with him. 
They all rush forth to help themselves with as much food as they can find.  
But soon the first guard comes out. He is a kind of white blood cell, a macrophage, 
who can recognise an intruder. He notices that the intruders don’t belong here, and 
he will try to engulf, yes engulf, as many of the intruders as he can. The 
macrophage manages to engulf several of the intruders, and he chews them into 
small pieces.  
As all guards the macrophage also has as his duty to sound the alarm when 
intruders are coming. He does this by secreting chemical molecules called 
cytokines. They will call other cells to the site and activate them so they are ready 
to fight the intruders. Some cytokines can also kill intruders directly. All these 
reactions cause the site to become swollen, tender and warm. An inflammation is 
started. 
 
Until now the defence has been executed the way it always is when an intruder first 
arrives, fast but with non-specific weapons. But the immune system has also 
specific weapons. These can recognise a specific intruder and are much more 
efficient than the non-specific weapons. These weapons must first be activated, and 
this is why the macrophage sets out for one of the weapon deposits, a lymph organ.  
In the lymph organs there are new defending soldiers. One type is the B cell. This 
soldier is good at producing missiles, antibodies, which can recognise bacteria or 
other intruder. But the macrophage is looking for the other type of soldier. He is 
looking for a T cell.  
There are two kinds of T cells. One of them, the CD8+ T cell also called CTL, is a 
very dangerous soldier. When he becomes activated he goes from cell to cell 
looking for pieces of proteins, called peptides, from strangers. Some intruders, like 
viruses but also some bacteria and parasites, are trying to hide from the immune 
system by entering cells. To be able to discover such intruders all cells must show 
a pass, a part of them selves with a peptide, on their cell surface. If the CTL soldier 
finds a strange peptide on any cell, he will think that the cell has been taken over 
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by intruders and he will kill this cell by producing toxic compounds. In this way 
the intruders will be prevented from spreading to other cells. 
CTL soldiers could kill cells without discernment and cause autoimmunity 
(destroying healthy cells in the body). To prevent this from happening they remain 
inactive until they are activated by a macrophage. The macrophage enters a lymph 
node where inactive CTL soldiers are waiting. He shows them peptides from the 
intruders that he engulfed. If a CTL recognises the peptide the macrophage is 
showing then the CTL will bind to him, and it is his task to activate the CTL at this 
point. By using several molecules on the cell surface the macrophage signals the 
CTL to become activated and to go and look for intruders.  
While the macrophage is in the lymph node he can also activate the other type of T 
cell soldier. This is the CD4+ T cell-soldier, the officer. The activated officer has 
important supervising duties, but he can kill by himself as well. He does this by 
secreting certain cytokines, of which some are those that the macrophage is also 
able to secrete. The officer secretes other kinds of cytokines as well, and in this 
way he can control which kind of defence that is suitable to use: CTL soldiers who 
are looking for intruders inside cells, or B cell soldiers who produce antibodies 
against intruders that are outside cells. Both the CTL soldier and especially the B 
cell soldier need help from the officer to be as effective as possible.  
 
Activated T and B cells leave the lymph node and go to the blood, the lymph and 
into different organs to look for intruders. The cytokines that macrophages and 
other cells produce can lead them to the right place fast. But only a few cells were 
activated by the peptides from the intruders that the macrophage presented. Before 
they can attack the enemy they must become many more, so first they will divide 
several times. The result will be a large number of B and T cells that can recognise 
exactly this intruder that must be defeated right now. This process takes a few 
days, and only 7 days after the start of infection will the defence be at its best.  
If an intruder, e.g. a virus, has entered several times before, some of the B and T 
cells will remember this and they will be better prepared for the intruder. The third 
time the intruder will be defeated much faster than the first time it managed to 
enter, and this time maybe there won’t even be any symptoms of disease.  
The purpose of a vaccine is to mimic an infection and in this way prepare the 
immune system for a certain intruder. One can take advantage of this not only 
when making vaccines against microorganisms, but also for vaccines against 
tumours. In comparison to a bacterium, a tumour cell is much more like our normal 
cells throughout the body, but there are differences that can be specific for a 
tumour cell. These differences may be enough for a CTL to recognise the 
difference on the cell surface as strange and kill the tumour cell. 
Most cancer patients today are treated with radio- and chemotherapy and surgery, 
and usually the primary tumour is depleted this way. The problem is that usually 
this will not get rid of quite all tumour cells in the patient. Most of the time some 
cells escape, and this can be enough to get metastases, outgrowth of new tumours. 
This is why one would like the immune system to help out. In some clinical trials 
that are now ongoing, peptides from tumour cells (the peptides can be 
manufactured synthetically) are given to the immune system to recognise and learn 
to see the tumour cells as strange. As the tumour cells are very similar to normal 
cells the response of the immune system is often weak. Much effort is therefore 
now put into finding new, more efficient ways of activating and enhancing the 
reactions of the immune system against tumour cells  
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One way of enhancing the immune reactions is to use protein hsp70. Hsp70 stands 
for heat shock protein 70 and is an old part of the cell, so old that it exists in all 
organisms from bacteria to humans. Hsp70 is very important, and without it the 
cell would not survive. The role of hsp70 it to help new proteins to form correctly, 
to help transporting them into different parts of the cell, and to help the mending of 
the proteins in the cell when they are exposed to stresses and get unfolded, 
denatured. To be able to do all this, hsp70 has an important property: it can bind to 
parts of other proteins, to peptides. The hsp70 in a cell will bind to peptides that are 
characteristic for that particular cell, also when that cell is infected or has 
developed into a tumour cell. Hsp70 will then also bind to peptides that are specific 
for that infection or that tumour. This property of hsp70 is important for the effects 
that I have studied. 
 
In 1993 an American group showed that one could use hsp70 to get protection 
from tumour outgrowth in mice. They had purified hsp70 from a murine tumour 
and had vaccinated mice with this hsp70. The mice then received tumour cells of 
the same tumour as the hsp70 had been purified from. The mice receiving the 
hsp70 vaccine didn’t get any tumours, in contrast to non-vaccinated mice. In 
addition they showed that it was crucial for hsp70 to still bind to the tumour 
specific peptides it had from the tumour cell. If these peptides were taken away the 
mice would no longer be protected. But how and why did one get the observed 
protection? And can one get the same effect in humans? There were many 
questions to answer. I have, through several collaborations, tried to answer some of 
these questions. 
 
My experiments show that hsp70 can function very effectively in vaccines to 
tumours and viruses, and that it has at least three properties that are important in its 
role as a part of a vaccine. 
The first property is that hsp70 binds to peptides that can be recognised by T cells 
as tumour or virus-specific peptides. Mice were protected both against tumours and 
against a viral infection using different hsp70 vaccines. To achieve the specific 
protection it was crucial that the tumour- or virus-specific peptides were included. 
The peptides could be purified together with hsp70 when it was purified from cells, 
but they could also be produced synthetically and be mixed in a tube with 
industrially produced hsp70. In both cases I saw a good protection as long as both 
hsp70 and the peptides were included in the vaccine. To be able to manufacture 
easily produced and cheap hsp70-vaccines it is important that they can be produced 
synthetically, so these results are important for the development of vaccines. 
The protective effect I saw is in part explained by hsp70 protecting the peptides 
from being destroyed, but also by hsp70 helping the peptides to get on antigen 
presenting cells, such as our macrophage earlier. Antigen presenting cells showed 
the peptides to specific T cells, which in turn reacted by producing cytokines, 
something we also saw clearly with T cells from cancer patients.  
 
The second important property of hsp70 is to activate antigen presenting cells. I 
could clearly observe that murine macrophages that were mixed with hsp70 started 
to produce cytokines, and this could also be observed with human cells. The 
cytokine production can, to some extent, mimic the reaction of an infection and 
facilitate activation of T cells. This will make the immune system more alert. No 
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peptides are necessary for this activation, and it seems to be a property of the hsp70 
molecule itself. 
 
I noted a third important property of hsp70. I could use it in at least 3 
immunisations without the immune system reacting to the hsp70 itself. This is 
important from two points of view. First, this means that it is possible to use hsp70 
with peptides in an individual several times and the immune system will each time 
be able to react to the peptides. Some substances that have been tried out in 
vaccines elicit strong responses towards themselves, and the immune system may 
then not see the specific peptides. Hsp70 doesn’t seem to have this problem.  
The second point is the risk of auto-reactivity. Hsp70 is a protein that we all have 
in all our cells. It is important to make sure that one doesn’t generate any general 
autoimmune reactions against tissues in the body. In my experiments I couldn’t 
observe any signs of autoreactivity.  
 
My experiments have shown that hsp70 is a good candidate to use in vaccines. It 
fulfils most of the important requirements, and it can also be used in different ways 
with different vaccination strategies. It is now time to see if its promises are 
fulfilled in clinical trials.  
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…”He stared at the students. It was a 
worrying sight, and not just because of the 
natural look of students. Here were some 
people who, while this damn music was 
making everyone tap their feet, had 
stayed indoors all night – working... ” 
 
 From Soul Music by Terry Pratchett 
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Background 
 
Introduction 
Immunologists are today faced with more to do than ever. There are many elusive 
disease-causing microorganisms that we have no cure for or that are developing 
resistance to the medication we have available, such as HIV and tuberculosis. In 
addition, cancer is a major health problem, with one third of the population 
developing cancer in the Western world, and existing treatments having important 
limitations and side effects. Much effort is now invested in finding new treatments 
for cancers by using immune modulating molecules, such as IL-2 or tumour-
specific vaccines (Chowdhury et al., 1999; Rosenberg, 1999; Slingluff, 1999; 
Wang, 1999; Wang and Rosenberg, 1999).  
One major challenge in making effective vaccines towards tumours or 
microorganisms is to create a vaccine that can induce effective immune responses 
to the desired antigen with no or very limited side effects. Such vaccines require 
not only a known protective antigen, but also an adjuvant that increases the 
immune response to elicit an effective response without side effects. All these 
requirements can be difficult to solve in one single vaccine. Often the antigen that 
one wants to elicit a response to is not known, as in many tumours. Vector 
candidates, such as vaccinia and adenoviruses, can elicit vector specific immune 
responses (Dolin, 1995; Smith and Vanderplasschen, 1998), which will only allow 
the use of that vector one single time in one individual. Most adjuvants used in 
animal models are not safe to use in humans, and moreover are designed only for 
activating antibody responses. These problems need to be solved in order to 
achieve new efficient vaccines against cancer and infectious diseases.  
In this thesis I have concentrated on studying one vector candidate, the heat shock 
protein 70, both in tumour models and in a viral model. To understand the studies 
presented I will first give a short background to the parts of the immune system 
that one is trying to affect with this kind of vaccines. 
 
The innate and the adaptive parts of the immune system 
The immune system is divided into two parts: the innate immune system and the 
adaptive immune system. The first line of immunity of an organism is offered by 
the innate immune system. This part is made up of cells and proteins that attack 
intruders “on the spot” as these are detected in the body. Antigen presenting cells 
and granulocytes can react to damage on the body surface (skin or mucosa) or to 
“danger signals” (Borregaard et al., 2000; Janeway et al., 1999; Matzinger, 1998; 
Matzinger, 1994). Activation of these cells usually leads to inflammation at the 
affected site. They can also recognise bacterial molecules (Flo et al., 2000; Means 
et al., 1999; Sester et al., 1999) that will trigger them to engulf the bacteria. NK 
cells on the other hand can recognise that a certain cell lacks the “self” MHC class 
I molecule (see below) and kills therefore that cell (Brutkiewicz and Welsh, 1995; 
Hoglund et al., 1997; Karre et al., 1986). This is a useful ability, not the least in the 
fight against viruses that try to escape the immune system by becoming invisible 
inside host cells by down-regulating MHC class I molecules.  
The adaptive part of the immune system is made up of the T cells and the B cells. 
In contrast to the innate immunity, primary T and B cell responses require several 
days before a full activation has taken place. If a pathogen is infecting the body for 
the first time it will take 7 days before the peak of response is achieved, which 



Anne-Marie T. Ciupitu 

20 

illustrates the need for a first line of defence that would restrict the infection 
meanwhile.  
B cells have the production antibodies as their main role. Antibodies can recognise 
bacteria, parasites and viruses as well as toxins, and neutralise them. Binding of 
antibodies to a particle or an organism will induce granulocytes, macrophages, 
dendritic cells and B cells to engulf the antibody with its target, thereby killing the 
organism and presenting parts of it to T cells. 
T cells recognise parts of proteins, peptides, when these are bound to MHC 
molecules and are shown on the surface of cells. If a T cell recognises a peptide-
MHC complex on the surface of an infected cell or a cancer cell it will be activated 
and either start killing other cells that show the same peptide (cytotoxic T 
lymphocyte) or it will activate B and T cells (helper T lymphocyte). Activated T 
cells also produce cytokines that can directly (e.g. TNF-α) or indirectly (e.g. IFN-
γ) lead to the killing of pathogens.  
There are several strong connections between the innate and the adaptive parts of 
the immune response. Antigen presenting cells (APCs), such as dendritic cells 
(DC) and macrophages, get activated by many bacteria and start to produce 
cytokines (Seder and Gazzinelli, 1999). These cytokines can stimulate activated 
lymphocytes and attract them to the site of infection. APCs also present antigenic 
peptides on MHC molecules to naïve T cells, leading to their activation. The cells 
of innate immunity are therefore not only necessary for protection until the cells of 
the adaptive part of the immune system have been activated, but they are also 
needed for this activation to take place. 
The cells of the immune system that have a memory are B and T cells. After an 
infection has been combated most of the activated B and T cells will die, but a 
small portion of them will remain in the body. When a second infection with the 
same pathogen occurs these remaining memory cells will be activated fast and the 
infection will be combated faster and with better precision than the previous time.  
Vaccines aim at inducing memory cells of the immune system. When a vaccine is 
given the immune system will react as if this is a first infection, T cells and/or B 
cells will be activated and a memory will build up. If the immunised individual 
will later be infected with the pathogen that the vaccine was oriented against, the 
body will react as if this is a second infection (McHeyzer-Williams and Davis, 
1995).  
The memory cells will be activated to elicit a full response to the pathogen within 
4-5 days, a response that in addition will be stronger and more specific than the 
primary one. The pathogen will not have the chance to replicate for as long and 
will be cleared faster from the body compared to the first time infection.  
Most vaccines today are prophylactic, that is they are given to people when they 
are healthy to prevent future disease. In cancer and persistent infections therapeutic 
vaccines are instead required. Such vaccines are often given during the course of 
disease when the antigen load is relatively small, for example after surgical 
removal of the tumour in cancer patients. To prevent outgrowth of metastases a 
vaccine with tumour antigens can then be given to the patient to induce an 
immunological response to that tumour (Herlyn and Birebent, 1999; Sinkovics and 
Horvath, 2000). 
 
To be prepared for War is one of the most effectual means of 
preserving the peace. 
 George Washington 
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Figure 1a. Schematic picture showing the stages of immune responses 
initiated by an infection. (Adapted from (Janeway et al., 1999)) 

 
 

 

Figure 1b. The course of a typical acute infection. (Adapted from (Janeway 
et al., 1999)) 
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MHC molecules 
The major histocompatibility complex (MHC) molecules are the most polymorphic 
molecules in the body (Janeway et al., 1999). They are expressed on the surface of 
cells and are recognised by T cells. In organ transplantation these molecules are the 
most important to match between donor and recipient. In humans these molecules 
are called human leukocytes antigen (HLA). 
The MHC molecules are divided into two groups called MHC class I and MHC 
class II. We express six MHC class I and six MHC class II complexes on our cells, 
inheriting three allels of each from either parent. MHC class I is expressed on all 
nucleated cells in the body, while MHC class II is only expressed by professional 
APCs, such as DCs and macrophages.  
MHC class I is a heterodimer made up of two unequally sized chains: the α-chain 
and the β2m (figure 2) (Pedersen et al., 1994). The α-chain consists of three 
domains called α1, α2 and α3. The α1 and α2 domains make up a groove where 
peptides can bind. This groove is closed at both ends, only allowing peptides of 8-
10 aa to bind to MHC class molecules (Engelhard, 1994; Falk et al., 1991; Madden 
et al., 1993; Rammensee, 1995; Rammensee et al., 1995). The α 3 domain is 
anchored to the cell membrane and is non-covalently bound to the small β2m 
chain.  
 
 

 
 
Figure 2. Molecular structure of MHC class I seen from the side (left) and 
the peptide-binding site seen from above (right). (Adapted from (Janeway 
et.al. 1999)) 

 
 
MHC class II is also a heterodimer, made up of two approximately equally sized 
chains: the α and the β chains (figure 3) (Schmid and Jackson, 1994). Each chain is 
anchored to the cell membrane via the α2 or β2 domain. The upper domains called 
α1 and β1 build up the groove to which peptides can bind. In the case of MHC 
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class II complexes the groove is open at the ends, allowing longer peptides to bind 
to the molecule. In most cases the bound peptides are 13-17 aa long (Rammensee, 
1995; Sant et al., 1999).  
 
 

 
Figure 3. Molecular structure of MHC class II seen from the side (left) and 
the peptide-binding site seen from above (right). (Adapted from (Janeway et 
al., 1999)) 

 
 
Antigen processing and presentation 
The purpose of having MHC molecules is to present antigenic peptides to T cells. 
The two classes of MHC molecules differ in their source of peptides as well as in 
the mechanism of peptide loading.  
MHC class I complexes receive their peptides from endogenous proteins. The 
proteins in the cell are degraded with the aid of the proteosome and other proteases 
into short peptides (Baumeister et al., 1998; Gileadi et al., 1999; Mo et al., 1999; 
Niedermann et al., 1999; Peters, 1994; York et al., 1999). These peptides are then 
transported into the ER by the transporter associated with antigen presentation 
(TAP) (Cromme et al., 1994; Momburg et al., 1994). In the ER the α chain of the 
MHC class I complex is bound to the chaperone calreticulin, waiting for a peptide 
and β2m to associate with it (figure 4). When all three molecules have been 
associated the complex is released from the chaperone and can be transported to 
the cell surface (Jensen et al., 1999; Rammensee, 1996).  
The mechanism for presentation of endogenous peptides has evolved as a way to 
screen the body for intracellular parasites like viruses and intracellular bacteria 
such as Mycobacterium tuberculosis (causing tuberculoses). It is also possible for 
the immune system to recognise tumour specific peptides presented via this 
pathway by tumour cells or by APCs.  
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Figure 4. Antigen processing and presentation of endogenous peptides onto 
MHC class I. The MHC class I heavy chain is chaperoned by calnexin, 
calreticulin and tapasin while waiting for β2m and peptide. Peptides are 
provided after degradation in the cytosol and transportation into the ER via 
TAP. (Adapted from (Janeway et al., 1999)) 

 
 
It is necessary to activate T cells not only to intracellular parasites, but also to 
microorganisms and toxins that don’t enter cells. Most bacteria as well as bacterial 
toxins remain extracellular. They can be neutralised by antibodies, but as 
mentioned above B cells need to be activated by T cells to be able to produce 
antibodies. A mechanism has therefore evolved for the presentation of exogenous 
antigens to T cells (Janeway et al., 1999; Jensen et al., 1999; van Bergen et al., 
1999). 
The source of peptides for the MHC class II complex is exogenous proteins taken 
up by APCs. DCs and macrophages have a number of mechanisms of taking up 
antigens from the surrounding environment. Proteins in the surroundings are taken 
up into intracellular vesicles that fuse with endosomes. The pH in these fused 
vesicles is low, which activates proteases that can then cut the engulfed proteins 
into peptides. Meanwhile MHC class II molecules are assembled in the ER 
together with a chain called the invariant chain (Rammensee, 1996; Wubbolts and 
Neefjes, 1999). This complex is transported to endosomes where peptides have 
been digested. At this stage the invariant chain is degraded and the peptide-binding 
cleft becomes assessable for peptides to bind to MHC II (Nakagawa and Rudensky, 
1999; Villadangos et al., 1999). A peptide is loaded onto the MHC class II 
heterodimer and the whole complex is then transported to the cell surface (Jensen 
et al., 1999; Kropshofer et al., 1999).  
 
In recent years it has become obvious that exogenous antigens can reach MHC 
class I molecules as well and be presented to T cells as a part of the MHC class I 
complex (Reimann and Kaufmann, 1997; Rock et al., 1990; Wick and Ljunggren, 
1999; Yewdell et al., 1999). There are different possible ways to how the 
exogenous peptides can be loaded onto MHC class I molecules. One way is that 
the peptides gain access to the cytosol and are then transported to the ER and 
loaded just like endogenous peptides.  
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Figure 5. Antigen processing and presentation of exogenous peptide onto 
MHC class II. Antigen is taken up by an APC and lysed in the endosomes. 
The endosome will merge with MHC class II containing vesicles and lysed 
antigenic peptides will bind to the MHC class II molecule before being 
transported to the cell surface. (Adapted from (Janeway et al., 1999)) 

 
 
Another possibility is that the peptides meet up with MHC class I molecules 
outside the ER. The MHC class I complex is on the cell surface during a limited 
time span, after which the complex is internalised. When the complex is in an 
endosome it can be sent on to degradation, but it can also be reloaded with new 
peptides and recycled to the cell surface (Abdel Motal et al., 1993; Yewdell et al., 
1999). The reloading in the endosome can be done with new, exogenous peptides. 
All MHC class I molecules that reach the cell surface are not loaded with peptide. 
These “empty” molecules are however not stable and will be degraded much faster 
than the complete complex. It is possible that peptides that are short enough could 
bind to MHC class I molecules directly on the cell surface. If a peptide is just a 
little too long proteases on the cell surface can trim it down to the optimal size. 
This mechanism can also be used for loading of peptides on MHC class II 
molecules.  
It is not known if loading of MHC class I complexes outside the ER is important in 
vivo. Yet these mechanisms should be taken into consideration when studying 
presentation of exogenous antigens on MHC class I molecules. 
 
 
Antigen presenting cells 
In a sense all nucleated cells are antigen presenting cells as they express MHC 
class I complexes. However, the term is usually used more stringent for cells that 
can take up exogenous antigens and present them on MHC class II complexes, and 
these cells are sometimes specified as professional APCs. They are dendritic cells, 
macrophages and B cells. These cells have more in common than the expression of 
MHC class II complexes on the cell surface, e.g. that they express co-stimulatory 
molecules required for the activation of naïve T cells (Fuchs and Matzinger, 1992; 
MacPherson et al., 1999; Matsue et al., 1999; Mazzarella et al., 1998; Mintern et 
al., 1999; Overath and Aebischer, 1999; Robinson et al., 1998).  
 
 



Anne-Marie T. Ciupitu 

26 

  A) DC    B) MΦ          C) B cell  

 

Figure 6. Antigen presenting cells shown by transmission electron 
microscopy (above) and by scanninc electron microscopy (below). A) 
Dendritic cell. B) Macrophage. C) B cell. (Adapted from N. Rooney and 
S.Knight, (Janeway et al., 1999)) 

 

For a naïve T cell to be activated there are two signals that the APC must provide 
(Croft and Dubey, 1997; Greenfield et al., 1998; Janeway et al., 1999). First there 
is the antigen specific signal, mediated by the MHC molecule with its bound 
antigen specific peptide. This complex is recognised by the T cell receptor. If no 
additional signal is provided the T cell becomes anergic or tolerant to the peptide 
presented (Chatenoud et al., 1995; Fuchs and Matzinger, 1992). This is believed to 
be important in making T cells tolerant to self-peptides in the periphery (outside 
the thymus). If a second signal is provided, however, the T cell will be activated, 
proliferate and react to all cells in the body presenting the same antigen. The 
second signal is mediated by the co-stimulatory molecules CD80 (B7-1), CD86 
(B7-2) or CD40, and recognised by the molecules CD28 and CTLA-4 for CD80 
and CD86 or by CD40L for CD40 (Chambers and Allison, 1999; Edmead et al., 
1997; Slavik et al., 1999; van Kooten and Banchereau, 2000) on the T cell (figure 
7). The requirement for the second signal ensures that the naïve T cells are not 
triggered by mistake, as MHC class I complexes are expressed on most cells and 
the triggered T cells can cause irreparable damage.  
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Figure 7. Stimulation of a naïve T cell requires two signals. The first signal 
is provided by the MHC complex and the second signal by co-stimulatory 
molecules like B7.1 (CD80). (Adapted from (Janeway et al., 1999)) 

 
 
T cells and the T cell receptor 
T cells mature in the thymus where T cells that recognise self-peptides presented 
on self MHC molecules are eliminated (Allen, 1994; Ashton-Rickardt et al., 1994; 
Hogquist et al., 1994). T cells express a unique receptor, the T cell receptor (TCR). 
This receptor is used to recognise the antigenic peptides bound to MHC molecules 
on antigen presenting cells. T cells are divided into two types: αβT cells and γδT 
cells. I will not discuss the γδT cells, as they have not been addressed in my work 
presented in this thesis. The αβT cells are also divided into two groups: the CD4+ 
T cells have a TCR that recognises peptides presented on MHC class II complexes, 
and CD8+ T cells recognise peptides presented on MHC class I complexes (figure 
8) (Chien and Davis, 1993; Corr et al., 1994; Davis and Chien, 1993; Karjalainen, 
1994).  
CD8+ T cells are in general cytotoxic T cells (CTLs). They can produce granules 
that are released onto a target cell upon activation (Henkart, 1994; Sad et al., 1996; 
Stenger et al., 1999). The granules contain perforin, a protein that causes holes in 
the target cell membrane, and granzymes, proteases that induce apoptosis. This 
action will lead to the direct killing of the target cell. CD8+ T cells can also 
produce cytokines [Mosmann, 1997 #152; Janeway, 1999 #144]. The actions of 
these cytokines are described below. 
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Figure 8. The T cell receptor (TCR) and how it binds to MHC class I. C = 
constant region. V = variable region. (Adapted from (Janeway et al., 1999)) 

 
 
CD4+ T cells recognise peptides presented on MHC class II molecules. They are 
important producers of cytokines, and they are also the cells that stimulate B cells 
to produce antibodies (MacPherson et al., 1999). As T cells that recognise self-
peptides are eliminated, B cells that are autoreactive are in general not activated 
either, as the T cell that could activate such a B cell has been deleted. Depending 
on their action CD4+ T cells are divided into two groups: TH1 and T H2 cells 
(Infante-Duarte and Kamradt, 1999; Kelso, 1999; Syrbe et al., 1999).  
TH1 cells are important in activating macrophages, and aid the macrophages to 
destroy intracellular bacteria. TH1 are also producers of the cytokines IFN-γ, TNF-
α, IL-2 and GM-CSF. These cytokines are important in mediating help to CD8+ 
cells and in increasing the expression of MHC class I molecules on the surface of 
cells. TH1 cells can also mediate help to B cells to switch idiotype to produce 
certain classes of antibodies (IgG2a and IgG2b in mice and IgG1 and IgG3 in 
humans).  
TH2 cells are the cells that activate naïve B cells to produce antibodies. TH2 cells 
produce another group of cytokines, including IL-4 and IL-5, which plays an 
important role in many bacterial and parasite infections. Apart from these 
cytokines TH cells also produce IL-10, an anti-inflammatory cytokine that down-
regulates the immune system. These T cells have therefore an important regulatory 
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role, including preventing the immune system to become autoreactive and destroy 
its host (Falcone and Sarvetnick, 1999; Fowler and Powrie, 1999). 
 
 
Cytokines 
Cytokines are small, soluble proteins that are important signal molecules for the 
immune system. They are usually secreted and affecting cells that are in the local 
environment, including the secreting cell itself, as well as cells at a nearby 
distance. Different kinds of infections will induce the production of different 
cytokines, which will influence which parts of the immune system that will be 
activated. Cytokines can also have a direct effect on the infections, as for example 
IFN-γ that can interfere with viral infection (Jouanguy et al., 1999; Paludan, 2000), 
and TNF-α that can have a cytotoxic effect directly on target cells (Rath and 
Aggarwal, 1999; Szatmary, 1999). 
The cytokines studied in this thesis and their effects are listed in table 1. 
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Table 1. Selected cytokines and their characteristics (adapted from 
(Charo, 1999; Janeway et al., 1999)) 
 
Cytokine Major 

cell 
source 

Target cell Main effect Effect of gene 
knock-out 

IL-2 T cells Mainly T cells 
and NK cells 
but also B cells 

Growth, 
proliferation and 
activation 

Decreased T cell 
responses 

IL-4 TH2 cells B cells, T cells Growth, isotype 
switch, TH1 and 
MΦ inhibition 

No TH2 responses 

IL-5 TH2 cells B cells, other 
cells 

Differentiation, 
isotype switch 

IgG1 synthesis, 
decreased IL-10 
and IgE 

IL-10 MΦ, TH2 
cells and 
B cells 

MΦ and TH1 
cells 

Suppression of TH1 
cells and MΦ 
function 

Reduced growth, 
anemia and 
inflammatory 
bowel disease 

IFN-γ TH1 cells 
CTL, 
NK cells 

MΦ, NK cells, 
B cells, other 
cells 

Activates MΦ and 
NK cells, isotype 
switch to IgG2a, 
upregulates MHC I 
and II expression 

Decreased 
resistance to 
bacterial 
infections and 
certain viruses 

TNF-α T cells, 
MΦ,  
NK cells 

T cells, MΦ, 
other cells 

Activation of T 
cells and MΦ, local 
inflammation, 
cytotoxicity 

Reduced 
resistance to 
intracellular 
bacteria, 
resistance to 
Gram- sepsis 

GM-CSF T cells, 
MΦ 

MΦ, DC, 
granulocytes 

Growth and 
differentiation 

Pulmonary 
alveolar 
proteinosis 
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Tumour associated antigens 
Part of the efforts of creating effective cancer vaccines has been concentrated on 
identifying tumour associated antigens (TAA) that can be presented to and activate T 
cells. Along the years more and more antigens have been identified (Boon and van 
der Bruggen, 1996; Castelli et al., 2000; Kawakami et al., 1998; Kawakami and 
Rosenberg, 1997; Kawakami and Rosenberg, 1996; Kirkin et al., 1998; Parmiani, 
1998), and they can be divided into patient specific antigens and shared tumour 
antigens (Boon et al., 1997; Gilboa, 1999). The shared antigens can be classified into 
tissue specific antigens, oncofetal gene products, antigens induced by the oncogenic 
process, and viral antigens. 

• = Patient specific antigens are antigens that are specific for one individual 
tumour, and have usually resulted from a mutation. Because of their limited 
existence in only one tumour/patient, these antigens are the most laborious to 
identify, but maybe also the safest to use in tumour therapy. Examples of tumour 
specific antigens are the antigens expressed by different MC-induced tumours in the 
MC57 murine model (see papers I and II).  

• = Tissue specific antigens are expressed by most tumours differentiating from a 
certain tissue. These antigens are also expressed by normal cells from the tissue that 
the tumour originates from. These antigens can be used in cancer therapy if the cells 
expressing the antigens are not of vital importance, as for example melanocytes for 
patients with melanoma. In melanoma several antigens have been identified that 
classify as tissue specific antigens, such as peptides from the gp100, MART-
1/Melan-A, Tyrosinase and MC1R proteins.  

• = Because of the nature of tumours it is not surprising that some of these products 
antigens have been discovered to be reactivated embryonic (oncofetal) gene 
products. As these gene products are only in a certain stage in the development of an 
individual, they would be largely ignored by the immune system. This would make 
them potent of inducing strong immune responses and at the same time safe to use in 
tumour therapy. Examples of these gene products are the MAGE, BAGE and GAGE 
antigens.  

• = During the oncogenic process mutations occur that induce antigens that are 
expressed on tumour cells but not on normal cells. These antigens are shared 
between tumours in different patients, and should be able to induce a potent anti-
tumour immune response. Examples of proteins that can mutate during the 
oncogenic process are Ras and p53. 

• = Some viruses, such as human papilloma virus and human T cell leukaemia 
virus, can cause cancers. Tumours caused by these viruses usually express viral 
specific antigens. As the virus proteins are usually known it is relatively easy to 
identify what viral antigens the tumour expresses. These can safely be used in cancer 
vaccines, as only virus-infected cells will express these antigens.  
 
When vaccinating with different tumour antigens one would expect to induce strong 
immune responses with the antigens that are derived from mutated proteins (patient 
specific and tumour specific antigens) or from viral proteins, and strong to 
intermediate responses to antigens that are in large ignored by the immune response 
(oncofetal gene products). The tissue specific antigens would instead be expected to 
elicit intermediate to poor responses, as high affinity T cells to these antigens can be 
expected to have been eliminated. Yet, with powerful vaccination protocols it should 
be possible to enhance such responses (Irvine and Restifo, 1995; McElrath, 1995). 
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LCMV 
Lymphocytic choriomeningitis virus (LCMV) is an RNA virus of the family 
Arenaviridae. This virus can cause meningitis in mice, and can also infect humans. 
LCMV has been studied extensively in relation to CTL responses in mice (Lewicki 
et al., 1995; Lewicki et al., 1995; Oldstone et al., 1995; Zinkernagel et al., 1993; 
Zinkernagel and Welsh, 1976).  
In B6 mice the CTL response is directed towards three peptide epitopes (Yanagi et 
al., 1992). One epitope, NP397-407, is from the nuclear protein (NP), and the two 
other epitopes, GP33-40 and GP278-286, are from of the two glycoproteins (GP) of the 
virus. The CTL response is diverse with regard to the TCR usage, indicating that 
there are not just a few CTLs expanding, but that many CTLs that recognise the 
three viral epitopes are activated in the infected mice (Yanagi et al., 1992).  
The peak of viral load in mice is at 5 days after infection, and can be observed in 
the spleen if given i.p.. The peak of a primary CTL response is later, at day 7-8. If 
mice have been effectively immunised against the virus or viral epitopes before 
viral challenge, the CTL activity can be observed already on day 5 (Zinkernagel et 
al., 1993). This property can be used to investigate if an immunisation has been 
successful.  
 
 
 
 
 
 

 
Figure 9. Electron microscopy photo of LCMV budding off from BHK-21 cells. 
Each viron is ca 110 nm. (Adapted from (Burns and Buchmeier, 1993)) 
 



Hsp70 in immunotherapy: a potential vector in cancer and viral vaccines 

33 

Heat shock proteins 
Heat shock proteins were discovered as proteins that are induced by stresses such 
as heat shock, heavy metals, cytokines, reactive oxygen and inflammation (Feder 
and Hofmann, 1999; Hall, 1994; Jacquier-Sarlin et al., 1994; Moseley, 1998; Polla 
and Cossarizza, 1996). The proteins were therefore named heat shock proteins 
(HSPs), a name that later proved to be inadequate, as it was discovered that other 
stresses than heat shock induced the production of these proteins (Feder and 
Hofmann, 1999). The term “stress proteins” has also been used. It later became 
clear that most of these proteins are constitutively expressed in the cells, and are 
necessary for survival of the cell at normal conditions (Buchner, 1999; Bukau and 
Horwich, 1998; Fink, 1999).  
 
There are several groups of HSPs, and these have been divided into different 
families according to their molecular weight and homology: the hsp100 family, the 
hsp90 family, the hsp70 family, the hsp60 family, the hsp 40 family, and small heat 
shock proteins. Each family has several members, usually located in different 
compartments of the cell, and these members are highly homologous. The 
homology between the different families is not very high. Each family is however 
very conserved, and the homology of one HSP family between bacteria such as E. 
coli and humans is about 50%, making HSPs among the most conserved proteins 
known (Feder and Hofmann, 1999; Fink, 1999).  
 
 

 
Figure 10. Protein folding in the cell aided by hsp70 and hsp60 (called TriC 
in mammalians). 85% of the proteins in a cell are folded as shown in a). 
(Adapted from (Netzer and Hartl, 1998)) 

 
The most studied HSP families are hsp60, hsp70 and hsp90 (Argon and Simen, 
1999; Chen et al., 1994; Falk et al., 1991; Fink, 1999; Gething and Sambrook, 
1992; Hunt et al., 1996; Smith et al., 1998). These protein families have several 
common features. They are all protein-binding proteins, that is they can bind to 
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other proteins or peptides, and they are ubiquitous in their protein or peptide 
binding. All three families are ATPases, and they play different roles in protein 
binding and folding in the cell (Buchner, 1999; Bukau and Horwich, 1998; Fink, 
1999).  
 
 

 
Figure 11. Protein folding in the cell aided by hsp70 and hsp60. (Adapted 
from (Netzer and Hartl, 1998)) 

 
 
The hsp60, 70 and 90 families have also interested immunologists in different 
fields involving autoimmunity, immunity to infections and tumour immunology. 
The hsp60 and, to a lesser extend, the hsp70 families have been studied in relation 
to autoimmune diseases, both in relation to the causes of disease and for finding 
new methods of treatment (Gaston, 1998; Kaufmann, 1994; Kaufmann, 1990; 
Moseley, 1998; Schultz and Arnold, 1993; van der Zee et al., 1998; Wendling et 
al., 2000). The hsp70 family (the cytosolic members hsp72 and hsc73) and the 
hsp90 family (the cytosolic hsp90 and the ER- resident gp96) have been studied in 
relation to finding new treatments for cancer (Przepiorka and Srivastava, 1998; 
Srivastava et al., 1998; Wells and Malkovsky, 2000; Yewdell et al., 1999) and 
infectious diseases (Suzue and Young, 1996; Suzue et al., 1997), (paper IV).  
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HSP70 
Members of the hsp70 family are found in all cells from bacteria to mammalian 
cells. Their role in the cell is to chaperone proteins to their correct native folding, 
both when the protein is just being synthesised, when it is being translocated to a 
new compartment in the cell, and when it is losing its native folding because of 
different stresses such as heat or chemicals (Bukau and Horwich, 1998; Fink, 1999; 
Kiang and Tsokos, 1998; Netzer and Hartl, 1998; Pilon and Schekman, 1999; 
Wickner et al., 1999). Folding of most proteins to their correct native configuration 
would not occur fast and correct enough at physiological conditions without the aid 
of hsp70. For this reason it has been impossible to make complete deletion-mutants 
of hsp70, as no cell can survive without any members of the hsp70 family (Bukau 
and Horwich, 1998; Gething and Sambrook, 1992).  
The hsp70 family is in general made up of 4 different members at the protein level: 
the mitocondrial hsp74 or grp75, the ER-resident BiP or grp78, and the two 
cytosolic members the constitutive hsc73 and the stress inducible hsp72. The 
cytosolic members can also be found in endosomes and, during stress, in the 
nucleus. At the gene level there can be up to 8 different hsp70 genes, and the 
number varies substantially in different species and phyla, with bacteria only 
having one single hsp70 member (DnaK). The genes can be found on different 
chromosomes, but the inducible hsp72 has been located to the MHC class III area, 
in between the MHC class I and MHC class II clusters of genes (Trowsdale et al., 
1991) (figure 12).  
 
 

 
Figure 12. Gene cluster of the MHC class II, III and I genes. (Adapted from 
(Powis and Trowsdale, 1994)) 

 
 
The bacterial hsp70 DnaK has been crystallised, showing it to have an ATP 
binding part at the N-terminus and a peptide binding part at the C-terminus (figure 
13) (Bukau and Horwich, 1998; Gething and Sambrook, 1992; Zhu et al., 1996). 
ATP is required not for binding to peptide, but for release of peptide from hsp70. 
The peptides that hsp70 binds to are often parts of full-length polypeptide chains 
but can also be shorter peptides of 6 to 30 aa long (Blond-Elguindi et al., 1993; 
Bukau and Horwich, 1998; Fourie et al., 1994; Zhu et al., 1996).  
The hsp70 peptide-binding motif is not stringent. Preferences have been 
determined for at least 4 hydrophobic aa in a row at two aa distance, and in 
particular aromatic aa are favoured (Blond-Elguindi et al., 1993; Fourie et al., 

MHC class II region MHC class III region MHC class I region
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1994; Palleros et al., 1991). Charged aa are not favourable but rather disturb 
binding. It is believed that hsp70 recognises the difference between a native folded 
and an unfolded protein simply because the correctly folded protein will be 
adjusted to a hydrophilic environment and will only expose non-hydrophobic aa on 
its surface. If a hydrophobic amino acid is exposed it will automatically mean that 
the protein is not correctly folded and may therefore need the assistance of a 
chaperone. Hsp70 does not aid the folding process directly in the way of a catalytic 
enzyme. Instead hsp70 prevents incorrect folding and aggregation by its binding, 
and offers the polypeptide chain several trials at the correct folding. If the 
polypeptide chain fails to reach the correct folding it is instead directed to the 
degradation machinery (Gething and Sambrook, 1992; Wickner et al., 1999). 
In vivo hsp70 is not acting as a single molecule. Instead it is usually a homodimer 
that in many of its tasks is aided by the two other HSPs hsp40 and GrpE (a member 
of the small HSP family) (Bukau and Horwich, 1998; Hartl et al., 1994).  
 

 
 

Figure 13. Structure of DnaK with the crystal structures of the ATP binding 
site and the peptide binding site (with peptide). (Adapted from (Gething and 
Sambrook, 1992; Zhu et al., 1996)) 

 
 
The cytosolic members of the hsp70 family became interesting to tumour 
immunologists in 1993, when Udono and Srivastava showed that mice immunised 
with hsp70 purified from a tumour were protected from subsequent immunisation 
with the same tumour (Udono and Srivastava, 1993). The protection was not 
mediated by the hsp70 itself, but by the tumour specific peptides that were bound 
to the purified hsp70. When I started my studies in 1993 this tumour protective 
capacity of hsp70-bound peptides had just been published for the first time. Gp96, 
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the ER member of the hsp90 family, had been shown to protect mice against 
tumour outgrowth (Srivastava et al., 1986), but it had not been known how this 
protection is mediated. By 1993 the peptide binding properties of hsp70 were 
known, and immunologists had studied hsp70 together with hsp60 as proteins 
implicated in autoimmunity (Kaufmann, 1994; Kaufmann, 1990; Moseley, 1998; 
van der Zee et al., 1998). In spite of this the tumour protection achieved by the 
hsp70-bound peptides came as a surprise, and nothing was known about the 
mechanisms involved in the described phenomenon. 
 
Most of the studies with HSPs in tumour immunology have been continued with 
gp96 (Blachere and Srivastava, 1995; Blachere et al., 1993; Li, 1997; Przepiorka 
and Srivastava, 1998; Srivastava, 1994; Srivastava et al., 1998; Wells and 
Malkovsky, 2000), but in 1997 Tamura et.al. showed that tumour-purified hsp70 
can also reduce the number of lung metastasis when given as a therapeutic vaccine 
(Tamura et al., 1997). The same year Blachere et.al. showed that hsp70 as well as 
gp96 can be loaded with peptides in vitro and elicit peptide specific CTL response 
upon immunisation of mice (Blachere et al., 1997). The immunisation also 
protected the mice from outgrowth of a tumour transfected with a gene coding for 
the peptide used for binding to the chaperone. These studies all motivate continued 
studies of hsp70 in relation to cancer vaccines. 
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Aims of this thesis 

 
The specific aims of my studies were:  
 
1. To purify hsp70 from different tissues in such a way that peptides bound to it 

are not lost during the purification procedure.  
 
2. To establish tumour specific T cell lines from methylcholanthrene (MC) 

induced tumour-immunised mice for in vitro studies and to compare the tumour 
specificity of the MC tumours in vitro and in vivo.  

 
3. To investigate if it is possible to achieve tumour protection in vivo and tumour 

specific T cells in vitro by using tumour-purified hsp70 as a vaccine in the MC 
tumour model.  

 
4. To study the mechanisms involved in the observed tumour protection. The 

studies were concentrated on the following questions: 
• = Can peptides bound to hsp70 be presented on the MHC molecules of 

APCs and be recognised by T cells? 
• = Can hsp70 in itself act as an adjuvant and in this way aid the activation 

of specific T cells? 
 
5. To investigate if hsp70 can be used in a broader context as a vaccine vector. 

The studies were concentrated to the following questions: 
• = Is it possible to achieve in vivo protection and specific T cells in vitro 

with recombinant hsp70 protein and synthetic peptides? 
• = Can this effect be achieved in an infectious model as well, or is it 

restricted to tumour models? 
• = Do hsp70 immunisations elicit hsp70 specific antibodies that could 

prevent its usage for subsequent immunisations or could induce 
autoimmunity? 
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Results and Discussion 

 
The MC57 tumour model 
Methylcholanthrene- (MC-) induced mouse sarcomas in C57B/6 (B6) mice are 
usually immunogenic, but they don’t as a rule cross-protect in vivo against other 
such sarcomas even when they are induced in the same mouse (Klein G., 1962; 
Klein G., 1960). This phenomenon, discovered in the 1960s, has still not been 
explained at the molecular level, as very little is known about the chemical nature 
of the antigenic epitopes of these tumours (Arancia et al., 1990; Melief and Kast, 
1991; Mosmann et al., 1997). To study this tumour model more at depth it was 
necessary to set up an in vitro assay. MC tumours are resistant to cytotoxicity, and 
the well-established 51Cr release assay could therefore not be used.  
The tumour rejection in vivo is however not necessarily mediated by cytotoxicity. 
IFN-γ and TNF-α have both been implicated in the regression of tumours in vivo 
mediated by CD8+ lymphocytes. To study if the release of TNF-α in vitro 
correlates with the tumour rejection seen in vivo short-term T cell cultures were set 
up from the draining lymph nodes of tumour immunised mice. T cell cultures from 
mice immunised with MC57 tumours were set up with the different MC57 tumours 
in the TNF-α release assay. In general, the only tumour that activated the T cell 
line to produce TNF-α was the tumour that had been used to immunise the mouse 
from which the T cell line originated (paper I, figure 2). Only one of the tested T 
cell lines cross-reacted with another tumour.  
The nature of the responding T cells was investigated both with antibody depletion 
and with CD4 and CD8 knockout mice. When CD8+ cells were depleted only a 
fraction of the TNF-α production remained, while depleting the CD4+ cells had 
very little effect on the TNF-α production. The specific TNF-α response in these T 
cell lines was therefore mainly mediated by CD8+ T cells.  
The results were similar using T cell lines from CD4 or CD8 knockout mice. The 
TNF-α production by T cells from CD4-/- mice was highly specific for each tumour 
similarly as for T cells from normal B6 mice (paper I, figure 4). In contrary, the T 
cell line responses from CD8-/- mice were instead broadly cross-reactive between 
the different tumours.  
 
The tumour specific peptides of 3 of the MC57 tumours were also studied. Peptides 
were eluted from the MHC molecules of the tumour cell surface with a mild acidic 
solution. The peptide eluates were then fractionated by reverse phase HPLC and 
the different fractions were pulsed onto RMA-S cells. Short-term T cell lines were 
set up as before and tested for recognition of the peptide fractions of their MC57 
tumour when pulsed on RMA-S cells. As RMA-S cells are sensitive to cytotoxicity 
the responses of the different T cell lines were tested both in the TNF-α release 
assay and the 51Cr release assay. Each T cell line was tested for recognition of 
peptides eluted from the same tumour as the T cell line had been induced by.  
 
The T cell lines of each MC57 tumour recognised one peptide fraction each, but 
this fraction was different between the different tumours (paper I, figures 6 and 9). 
When the peptides are fractionated on the HPLC they are eluted according to their 
hydrophobicity. Based on these findings the peptides recognised by the different T 
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cell lines must be different, as the fractions recognised are different for each T cell 
line. If they had been the same peptide their hydrophobicity would have been the 
same and the fraction stimulating the T cell lines would have been the same for all 
three T cell lines.  
The results obtained in vitro correlate well with the in vivo observations. The 
different MC57 tumours present tumour specific peptides with different chemical 
properties. The T cell responses to these tumours are mainly mediated by CD8+ T 
cells, and are specific for each tumour both in vivo and in vitro. I used this tumour 
model in my continued studies, asking if hsp70 purified from an MC57 tumour can 
protect mice from outgrowth of that tumour.  
 
 
Purification of hsp70 
The purification procedures described below all purify both cytosolic members of 
the hsp70 family, the constitutive and the inducible members. The methods do not 
distinguish between these two molecules. When diluting the fractions and running 
them on silver stained gels two bands can be seen very close to each other at about 
70 kDa. Both these bands are recognised by the commercial anti hsp70 antibody 
used (SPA-820 from StressGen, Victoria, Canada). It is therefore probable that 
both proteins are present in the fractions used for the experiments described below, 
except in paper IV, where inducible recombinant human hsp70 was used. Keeping 
this in mind, I will from now on for simplicity call the purified proteins hsp70. 
 
The known procedures to purify hsp70 in 1993 were to use affinity 
chromatography with ATP-beads (figure 15a), and combining this step with ion 
exchange chromatography. This protocol gives very pure hsp70, but any peptides 
non-covalently bound to hsp70 are lost in the purification process (Palleros et al., 
1991; Udono and Srivastava, 1993).  
To be able to keep the peptides binding to hsp70 during the whole purification 
procedure I set up a different purification method with the purpose of using the 
purified hsp70 for in vivo tumour protection assays. This purification method, 
adapted from previously published methods (Denis, 1988; Udono and Srivastava, 
1993) had two major steps: ion exchange chromatography and ammonium sulphate 
precipitation (figure 13).  
 
I first tried to purify the cytosolic members of the hsp70 family from the RMA 
tumour (Karre et al., 1986), a T cell lymphoma induced by the Raucher virus. This 
tumour seemed however to have a very low yield of hsp70, and not even heat 
shock could induce hsp70 enough to yield the necessary amounts for in vivo 
experiments. I therefore turned to the MC-induced tumours MC57X and MC57S. 
This tumour system worked out very well, and I could successfully purify enough 
protein for immunisation of mice to perform experiments in vivo as well as in vitro.  
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Figure 13. Scheme for the purification of hsp70 using ion exchange 
chromatography and ammonium sulphate precipitation. 

 
 
This purification method was however not perfect, as the purity of the protein was 
not 100%. The purity was at its best 65% of the total protein content after the last 
purification step (figure 15c), the ammonium sulphate precipitation, and the purity 
also varied quite a lot from one purification to another. Meanwhile I found out 
about a new purification method set up by Ping Peng in the laboratory of professor 
Pramod Srivastava, and went to this lab to learn the new method, later published in 
J.Imm.Meth. (Peng et al., 1997). It was already known that hsp70 is an ATPase, 
and that the step that requires ATP is the release of peptides from hsp70. The 
novelty was to use affinity chromatography with ADP instead of ATP in the 
purification, and in this way get very pure hsp70 that has not released the peptides 
it binds to (figure 14).  
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Figure 14. Scheme for the purification of hsp70 using affinity 
chromatography and ion exchange chromatography. 

 
 
Back in Stockholm I set up the ADP affinity chromatography method, followed by 
the usual ion exchange chromatography, purifying hsp70 from tumour tissue. I 
could already after the first purification see that this method yielded much cleaner 
protein, as I now only saw one single protein band on my silver stained gels (figure 
15b). This band was recognised by hsp70 specific antibodies on a Western blot.  
I knew that the hsp70 was >95 % pure, but I had to find out if the protein still 
bound tumour specific peptides. For this purpose I repeated the in vivo experiments 
I had done with hsp70 purified by precipitation. 
 

 
 
 

Figure 15. Purification of hsp70. Silver stained gel and Western blot of 
hsp70 purified with a) ATP b) ADP and c) ammonium sulphate. (For details 
see paper II.) 
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In vivo and in vitro effects of hsp70 in the MC57 tumour model 

The purified hsp70 from tumour tissue was used to immunise mice s.c. once a 
week during three weeks. As controls I used irradiated MC57 tumour (positive 
control) and precipitation buffer or elution buffer (negative control). In three 
experiments I included hsp70 purified from liver tissue of healthy mice. One week 
after the last immunisation the mice were challenged with live MC57 tumour and 
the tumour growth was monitored for at least two months.  
 
 

Figure 16. Scheme of the immunisation protocol used in the MC57 project. 
The tumour palpation continued for at least 2 months. (For details see paper 
II.) 

 
 
In these experiments I used either the MC57X or the MC57S tumour to purify the 
hsp70, to have as a positive immunisation control or to give as live challenge to the 
mice. Regardless of which tumour was used I could see the same results: mice 
immunised with hsp70 purified from either of the MC57 tumours had a 
significantly (P<0.001) lower incidence of developing tumour when challenged 
with the same MC57 tumour as the hsp70 originates from, compared to the buffer 
control group (paper II, table 1). This effect was seen in each experiment, both with 
the hsp70 purified using the precipitation method, and similar with the hsp70 
purified using the ADP affinity chromatography method (paper II, figure 2).  
 
I performed the in vivo experiments 5 times, and statistical analyses (Student’s T-
test) were done after combining the results of each group in the different 
experiments (paper II, table 1). The experiments showed that 64 % of mice 
immunised with hsp70 purified from tumour were protected from tumour 
outgrowth. This protection was highly significant (P<0.005), compared to the 
buffer control group (two-tailed T-test). The mice immunised with hsp70 purified 
from liver tissue did not show significant increase in protection from tumour 
outgrowth compared to the buffer control group (P=0.27, two-tailed T-test). When 
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asking if hsp70 from tumour tissue protects the mice better than hsp70 from liver 
tissue (1-tailed T-test), it was clear that hsp70 from tumour tissue gave 
significantly better protection (P<0.05) from tumour outgrowth. The group of mice 
immunised with hsp70 from liver was only included in three of the five 
experiments, and there is therefore less data for this group. It is worth while 
remembering this, even if the trend of protection seems clear. 
 
The mice I immunised with hsp70 purified from liver showed, however, a 
somewhat surprising delay of tumour outgrowth in two out of the three 
experiments where liver hsp70 was included (paper II, table 2). In the buffer 
immunised group the tumour usually grows to the diameter size of 12 mm or the 
volume of 2000 mm3 within 3 weeks. Once a tumour reached this size it has never 
regressed. In the hsp70 immunised groups the tumour would need yet another one 
or two weeks to reach this size. This delay in tumour outgrowth was significant, as 
calculated by Fisher’s exact test (P < 0.05) and was observed to the same extent 
both when immunising with tumour-derived hsp70 and liver-derived hsp70, with 
no significant difference between these two groups (paper II, table 2).  
In the third experiment where liver-derived hsp70 was used the tumour grew much 
slower, and it took 5 weeks before tumours in the buffer immunised mice reached 
12 mm. In this experiment there was no difference in the tumour outgrowth of the 
buffer group compared to the hsp70 groups.  
The findings of delay in the tumour outgrowth suggest that the hsp70 may have an 
adjuvant effect in itself, independent from the tumour specific protective effect. A 
rapidly growing tumour can be delayed in its outgrowth, implicating an early 
acting non-specific effect that gives the immune system a chance to deal with the 
problem at hand, in this case a tumour. This adjuvancy effect may however not be 
long-lasting enough for protection from a more slowly developing tumour. The 
mice immunised with liver-derived hsp70 were not significantly protected from 
final tumour outgrowth, a protection that requires tumour specific antigens.  
 
In the third experiment where liver-derived hsp70 was used the tumour grew out 
slowly in all mice, requiring almost twice as long time to reach a large size. The 
fact that no difference could be observed here between the different groups in the 
rate of tumour outgrowth suggests once more that the liver-derived hsp70 effect is 
probably a non-specific adjuvant effect that takes place shortly after hsp70 
administration. If the tumour grows out slowly the adjuvant effect will play its role 
before the tumour can be measured and this effect will no longer be important for 
the rate of measurable tumour outgrowth once the tumour grows out. I will be 
discussing further how this adjuvant effect can be mediated in the section “Vector 
and adjuvant effects of hsp70” below.  
 
In parallel with the in vivo experiments I have also looked at the responses of the 
immunised mice in vitro. After immunising mice three times as before, lymph 
nodes were taken out and set up in culture. At first also the spleen of the 
immunised mice were set up, grown for 5 days and then tested in a cytotoxicity 
assay with the MC57 tumours. As mentioned earlier, MC57 tumours in general are 
not lysed in a cytotoxicity assay (Tuttle et al., 1993), although MC57G is an 
exemption and can be lysed (paper IV). I therefore wanted to test if the MC57X or 
MC57S could be lysed as well. In spite of several trials no lysis of the MC57X and 
MC57S tumours could be detected, even when using the spleen or the lymph node 
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cells from the MC57 tumour immunised mice. I therefore continued only with the 
lymph node cultures from there on as they were better responders in the cytokine 
release assays. 
The lymph nodes were cultured for two weeks with 50 U/ml of IL-2, with tumour 
stimulation on day 0 and day 9 or 10. On day 14 they were set up together with the 
tumour and incubated for 18-24 hours. It is at this time that the release of TNF-α 
has its peak. I therefore collected supernatants from the over night cultures and 
tested the supernatants for the production of TNF-=α.  
In the first in vitro experiments I measured the TNF-=α levels with a bioassay, 
where the WEHI cell line is used. This cell line is sensitive to TNF, and if TNF is 
added to the cells they will die. By adding a chemical reagent (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) to the cells one can 
measure the amount of live cells in each well. The live cells develop coloured 
crystals that can be dissolved, and the amount of colour can be measured with an 
spectrophotometer. Although this bioassay is sensitive, it has several practical 
disadvantages. In later work I have therefore used a TNF-=α specific sandwich 
ELISA to measure the TNF-α content in supernatants.  
 
 

 
 

Figure 17. Scheme showing the experimental procedure of mixed lymph 
node T cell – tumour cell culture and set-up of the TNF-α release assay. 
The T cell cultures were fed with IL-2 as required by the state of the culture 
even between the stimulations, but not at least one day before re-stimulation 
or before set-up for the TNF-α release assay. LN = lymph nodes. (For 
details see paper II.) 

 
 
The supernatants from the mixed lymph node cell - tumour cell cultures had TNF-
α levels very much in line with the in vivo experiments. The T cell cultures from 
mice immunised with tumour-derived hsp70 produced TNF-α when incubated with 
that same MC57 tumour (paper II, figure 3). These levels were lower than the 
levels produced by the T cell cultures from MC57 tumour immunised mice, which 
were used as positive control. The mice immunised with buffer only produced 
background levels of TNF-=α.  
I was also interested in finding out if hsp70 could elicit a cross-reactive immune 
response between the different MC57 tumour. If peptides bound to hsp70 at the 
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time of immunisation were also presented on the MHC class II complexes of the 
MC57 tumours using the classical presentation pathway, then CD4+ T cells should 
be able to recognise these peptides and be activated to produce TNF-=α.=As seen in 
CD8-/- mice, this kind of recognition can be cross-reactive between the different 
MC57 tumours (paper I).  
No TNF-=α production could be detected in the experiments where a T cell culture 
from mice immunised with hsp70 purified from MC57X was mixed with MC57S. 
The same lack of production was observed if the T cell line was from mice 
immunised with hsp70 purified from MC57S and incubated with MC57X 
(discussed in paper II).  
These results indicate that the T cell response seen in these cultures corresponds to 
the response of cultures from MC57 tumour immunised mice, as we showed earlier 
(paper I). The major response would therefore be a tumour specific response that is 
probably mediated by CD8+ T cells via MHC class I recognition. It is however 
necessary to perform studies with more controls, such as depletion of CD4+ 
respectively CD8+ cells, to be able to state that this is truly the case with the T cell 
cultures from the hsp70-immunised mice. 
 
 
Recognition of peptides bound to hsp70 and cross-priming in a 
human melanoma model 
It was very exiting to see that the hsp70 purified from tumour tissue had a tumour 
protective effect. I was interested to further investigate the mechanisms behind this 
protection, and if possible also study if the effect can be observed in a human 
system. So far not only all my experiments, but also all published data with hsp70 
in tumour protection had been performed in murine models. Both my wishes were 
made possible by initiating a collaboration with the group of professor Giorgio 
Parmiani in Milan, Italy.  
In human melanoma, several peptide epitopes binding to MHC class I have been 
identified. Most of these peptides originate from tissue specific proteins. In 
contrast to the MC57 tumour system, where each tumour expresses individual 
tumour epitopes, these antigenic epitopes are expressed by melanomas from most 
patients expressing a certain MHC molecule. In this project 5 different T cell 
clones were used, recognising 4 MHC class I binding peptides and one MHC class 
II binding peptide (paper III, table 1).  
The T cell clones were restricted by different MHC class I allels. In addition to the 
T cell clones, two melanoma tumour cell lines were used for this project. These 
melanomas originated from two different patients. One of the T cell clones had 
been isolated from one of these two melanomas, and in addition a LCL cell line 
from the same patient was available. The LCL cell line was used as “healthy” 
tissue control that could not express the melanoma specific antigenic epitope 
recognised by the T cell clones.  
For this project I purified hsp70 from both available melanoma cell lines as well as 
from the LCL cell line. The hsp70 was purified using ADP, thus keeping any 
peptides that had bound to hsp70 in the cell. In addition I purified hsp70 from the 
two tumour cell lines with ATP, to be able to distinguish the role of the peptides in 
these experiments. The purifications were done several times at different time 
points, and the protocol had to be adjusted to take into consideration the low 
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amounts of cells and the difference in tissue compared to the murine tumour 
system.  
The purified hsp70 was used to pulse monocytes isolated from human blood 
expressing the desired MHC molecule. The monocytes were then incubated with T 
cell clones for 18 hours after which the supernatants were collected. The amount of 
IFN-γ in the supernatants was measured, using an IFN-=γ specific ELISA. All the 
IFN-=γ produced in the supernatants originated from the T cell clone, as monocytes 
do not produce IFN-=γ, and one can determine in this way how much the T cell 
clone was activated by the hsp70-pulsed monocytes.  
 
 
 

 
 
Figure 18. Scheme showing the experimental procedure used in the human 
melanoma model. (For details see paper III.) 

 
 
Out of the 4 MHC class I restricted T cell clones tested 3 showed a specific 
recognition of the monocytes pulsed with ADP-purified hsp70 (paper III, figure 2). 
This recognition was blocked by anti-MHC class I antibody to reach the 
background level of IFN-=γ production seen with the monocytes pulsed with ATP-
purified hsp70. The clones seemed to be activated to different levels by the 
monocytes, as the level of IFN-=γ production varied between the different clones. 
This difference could be, at least in part, due to the amount of each peptide that the 
hsp70 was binding to. Each clone recognises a different peptide, and it is likely that 
there are different amounts of the different peptides bound to the hsp70. The 
monocytes were all incubated with the same amount of hsp70. No adjustment 
could be done to assure that the same amount of the peptide recognised by the T 
cell clones would be presented by the monocytes.  
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The fourth MHC class I restricted T cell clone did not recognise the hsp70-pulsed 
monocytes at all. This could either be due to the hsp70 binding very little amount 
of this peptide, or to the complete lack of this peptide or its precursor on the hsp70 
from the used melanomas. It can however not be excluded that hsp70 purified from 
other melanomas could bind this peptide in large enough quantity to enable it to be 
recognised by the T cell clone. 
The T cell recognition of the hsp70-binding peptides was dependent on the HLA of 
the monocytes presenting the peptides (paper III, figure 3). An HLA-A2 restricted T 
cell clone could only be activated by the pulsed monocytes if these monocytes 
expressed the HLA-A2 molecule. The question was now if the tumour cells that the 
hsp70 was purified from needed to express the T cell restricting HLA molecules. 
Was it necessary to purify hsp70 from cells with the same HLA as the T cells are 
restricted to, or could peptides bound to hsp70 be recognised by a T cell clone even 
if the cells from which the hsp70 was purified don’t express that HLA? In other 
words, can hsp70-bound peptides activate T cells via cross priming? 
To investigate this question HLA-A3+ monocytes were pulsed with ADP-purified 
hsp70 from either HLA-A3+ or HLA-A3- melanoma cells. When these monocytes 
were incubated with the HLA-A3 restricted T cell clone the two hsp70 preparations 
were equally effective in activating the T cell clone (paper III, figure 6). The ability 
to activate T cells via cross-priming suggests that the peptides bound to the 
purified hsp70 are not necessarily only short peptides of the size known to bind to 
MHC class I, but that longer peptides might be bound to the hsp70 as well. When 
binding to hsp70 in the cytosol these peptides have not yet been trimmed to fit the 
cells own MHC molecules, and can be trimmed by the new APC prior to binding to 
the MHC molecule and presentation to T cells.  
This feature is important when considering using hsp70 in vaccines, as it would 
make it possible to have longer precursor peptides bound to hsp70. Certain 
peptides could be precursors to different HLA molecules, and thus the same hsp70-
peptide complex could be used in different patients. This would also suggest the 
possibility of having MHC class II precursor peptides, stimulating in this way both 
CD8+ and CD4+ T cells with the same vaccine. The next step was therefore to 
investigate if peptides bound to hsp70 could activate CD4+ T cells. 
Monocytes expressing HLA-DR4 were pulsed as before with ADP-purified hsp70 
and incubated with an HLA-DR4-restricted CD4+ T cell clone. The clone was 
clearly activated to produce GM-CSF when incubated with melanoma-derived 
hsp70, while it produced no cytokines when incubated with hsp70 purified from 
the LCL. This clearly indicates that hsp70 can bind peptides that are able to bind to 
MHC class II complexes and to be presented to CD4+ T cells. Although this feature 
is less surprising, as it follows the classical presentation pathway, it is as important 
an issue to be considered when designing vaccines. 
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Using recombinant hsp70 in a viral model 
The purification of hsp70 from tumour tissue gives very clean hsp70, but it 
requires a rather large amount of tumour tissue to yield enough hsp70 to use in 
vivo. Today more and more shared tumour antigens are being published and tested 
in clinical trials (Herlyn and Birebent, 1999; Rosenberg, 1999). This stimulated the 
idea to study if recombinant hsp70 could be mixed with synthetic peptides under 
binding conditions and investigate if this mixture could protect mice in the same 
way as the purified hsp70. For this purpose it was necessary to turn to a system 
where the antigenic peptides as well as the T cell response had previously been 
well studied, such as the LCMV model.  
At the same time this was an opportunity to find out if the hsp70 effect could be 
seen in a non-tumour system, where a micoorganism is the cause of disease and the 
exact role of the immune system is well known. For this project two collaborations 
were initiated, one with the group of professor Raymond Welsh at the University 
of Massachusetts, USA, studying the T cell responses to LCMV, and the other with 
the group of Dr. Satish Jindal in Massachusetts who had the material and expertise 
of producing recombinant hsp70.  
 
In this study the recombinant human inducible hsp70 molecule was used. We 
chose to mix this hsp70 with one of the MHC class I binding peptides of LCMV, 
gp33 (hereafter called the 8mer). I had looked for known peptide motifs of binding 
to hsp70, and although this is not too well studied I found that a general 
hydrophobicity motif with at least 4 hydrophobic amino acids had been published 
(Blond-Elguindi et al., 1993; Fourie et al., 1994). The 8mer fulfilled this aa 
requirement. We decided also to use in parallel a longer version of the 8mer as 
well, a 13 aa long peptide (hereafter called the 13mer). We wanted to see if the 
peptide needed to be of the correct size for binding to MHC class I complexes, or if 
a longer peptide could be trimmed down to the right size before presentation to the 
MHC class I complex.  
Based on the knowledge of hsp70 and its properties, as well as its requirements for 
binding and releasing peptides, I mixed the ATP-purified recombinant hsp70 with 
either peptide under peptide binding conditions. This mixture was used to 
immunise mice that were later challenged with live LCM virus. While in the 
tumour system the mice received 10 µg hsp70 per mouse, here the mice were 
immunised with only 2 µg of hsp70 per mouse. In the tumour system the peptides 
binding to hsp70 were most likely many and different. Here there was only one 
peptide in the vaccine, and we reasoned that it might therefore be possible to lower 
the dose while still being able to induce an immune response.  
 
The virus strain used with these mice was the Armstrong strain. The peak of viral 
load is known to be on day 5 after infection and the peak of T cell response in 
naïve mice is on days 7-8. To study the in vivo protection from the LCMV the 
immunised mice were sacrificed on either day 3 or day 5 after viral infection. The 
viral titres in the hsp70-8mer peptide mixture immunised mice were measured and 
compared to the different control mice. In each of the three experiments performed 
the 8mer-hsp70 immunised mice had 10-100 fold lower titres compared to the 
different control mice (paper IV, figure 1). This protection was specific to the 
hsp70-8mer mixture, as neither the 8mer alone nor the hsp70 alone had any effect 
on the virus titres. The protection was also dependent on the use of hsp70, as 
mixing the 8mer with BSA or lactoferrin, two carrier proteins, had no effect on the 
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virus titres. These results may suggest that there is some special feature of hsp70, 
not shared with the other carrier proteins tested that enables the observed in vivo 
protection.  
 

 
Figure 19. Scheme showing the experimental procedure used in the LCMV 
project. This setting was used in the last 2 out of three experiments. In the 
first experiments mice were immunised 3 times with 2 weeks interval, and 
the virus was inoculated 2 weeks after the last immunisation. (For more 
details see paper IV.) 

 
 
The same effect was observed in the mice immunised with the 13mer-hsp70 
mixture, but this effect could not be ascribed to hsp70 as immunisation with the 
13mer even without hsp70 yielded similar results (paper IV, figure 2). It was very 
unexpected to find that the 13mer by itself would have this effect, as the dose given 
was only 2 µg in PBS. When peptide immunisations are given the general protocol 
used to see any effect is 50-100 µg of peptide mixed with incomplete Freund’s 
adjuvant. It is unclear if this effect is a special feature of the 13mer itself in vivo.  
 
The spleenocytes from the day 5 sacrificed mice were also tested in an in vitro 
cytotoxicity assay. The target cells used were RMA-S cells pulsed with the 8mer or 
as control RMA-S cells pulsed with the NP 397-407 peptide, another CTL epitope 
from LCMV. The only spleenocytes able to kill the 8mer-pulsed RMA-S cells 
better than the buffer control immunised mice were the spleenocytes from the mice 
immunised with hsp70-8mer and hsp70-13mer (paper IV, figure 3). Mixing BSA 
with the peptides had no effect above that of the peptide itself. In these 
experiments spleenocytes from mice immunised with the 13mer only did not kill 
the RMA-S target cells as well as the hsp70-13mer immunised mice, and in fact 
killed them to a lesser extent than the buffer control immunised mice.  
The tested spleenocytes could not kill RMA-S cells pulsed with the NP peptide. 
These experiments indicate that the immunisations with hsp70-mixed peptide elicit 
peptide specific CTLs. Since this response was detected 5 days after challenge with 
LCMV, this is clearly a secondary response, as a strong primary response would 
only be detected on day 7 after LCMV infection (Lewicki et al., 1995; Oldstone et 
al., 1995).  
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In addition to the peptide pulsed RMA-S cells LCMV infected cells were also used 
as targets. When these were set up in the cytotoxicity assay as described above the 
spleenocytes from the hsp70-13mer immunised mice and (to a lesser extent) from 
the hsp70-8mer immunised mice were able to kill the LCMV infected cells (paper 
IV, figure 4 and data not shown). It seems therefore that the observed in vivo 
protection is at least partially due to LCMV peptide specific CTLs that are able to 
kill virus-infected cells.  
The results from this study show that 1) it is possible to get protective responses in 
vivo by immunising with recombinant hsp70 mixed with synthetic peptide epitopes 
under peptide binding conditions, 2) that the protective effect observed earlier in 
tumour models also can be achieved in a model of viral infection, 3) that this type 
of immunisation can generate peptide specific CTLs in vivo, and 4) that no 
additional adjuvant is necessary to achieve these effects. In addition these results 
were achieved by using very low amounts of peptide proving its effectiveness. The 
possibility to lower the amount of peptide needed and at the same time exclude the 
need for other adjuvants would be an important improvement in the peptide 
vaccination protocols. These findings point at the possibility of using hsp70 as a 
vector in vaccines at a larger scale, both in tumour and in viral diseases alike.  
 
 
Vector and adjuvant effects of hsp70 
If a vector is to be used in humans it is very important to know the effects of this 
vector in vivo. Will the vector be useful for repeated immunisations, since boosting 
is often required to induce protective levels of immunity, or is it a “once in a 
lifetime” vector that elicits a neutralising immune response to itself? Viral vectors 
such as vaccinia and adenovirus have the problem of eliciting dominant and 
neutralising antibodies to themselves (Dolin, 1995; Smith and Vanderplasschen, 
1998). These vectors can only be used once in one individual. The second time 
there will be a strong and rapid antibody response to the vector, and any new 
epitopes that one might wish to present to the immune system will have no chance 
to be discovered. Such a vaccine would not be effective in eliciting peptide-
specific responses.  
I was interested in investigating this issue in relation to hsp70, asking if hsp70 
immunisations could elicit an hsp70-specific antibody response. As hsp70 is a self-
protein the immune system should be tolerant to it due to negative selection in the 
thymus and in the bone marrow. Yet hsp70 has been studied in relation to 
autoimmune diseases (Kaufmann, 1994; Kaufmann, 1990). There are also concerns 
as to whether antibody responses to hsp70 should not be seen at all or if these are 
already high in healthy individuals. I decided to try to find out what the antibody 
levels are, and for this purpose I returned to the MC57 tumour system. 
 
Sera were collected from mice prior to immunisation and after 3 immunisations 
with hsp70 purified with ADP from tumour tissue or with ADP or ATP from liver 
tissue. The tumour and buffer controls were used as well just as before. To test the 
sera for antibodies I designed an anti hsp70 specific ELISA (figure 20, paper II).  
 
I measured the anti hsp70 antibody levels both before and after immunisation in 
sera from mice from all the immunised groups at 10 or 100 times dilutions, and I 
had sera from two different immunisation experiments. When measuring the levels 
from one of the two immunisation experiments I did not detect any anti hsp70 
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specific antibodies in the groups of mice immunised with hsp70, regardless of the 
source of hsp70 used for immunisation (paper II, figure 4a). This showed both that 
naïve mice don’t express high levels of anti hsp70 antibodies, and that the 3 
immunisations performed did not elicit an antibody response. A bit surprising was 
to find that the tumour-immunised mice had increased levels of anti hsp70 
antibodies after immunisation. This response was of IgG1 type, while no IgG2a 
antibodies were seen at all. In sera from the second immunisation experiment I 
could once again detect anti hsp70 antibody responses in the tumour immunised 
mice (paper II, figure 4b). In addition I could detect increased antibody levels in the 
sera from mice immunised with hsp70 purified from tumour. Again, the response 
was mainly IgG1, and no IgG2a antibodies were detected. Once again I could not 
detect any increased antibody levels in the sera from mice immunised with ADP-
purified liver hsp70. At 1000 time dilution of the sera I could no longer detect any 
specific antibody levels in any of the groups. This implies that the antibody 
responses observed were not very high and did not exceed more than 10 times the 
naturally existing levels of anti hsp70 specific antibody. It remains unclear why the 
MC57 tumours induced specific anti-hsp70 antibodies.  
 
 

 
Figure 20. Schematic set-up for the hsp70-ELISA. All the sera were 
tested in a direct ELISA (A). Half of the sera were also tested in a sandwich 
ELISA (B). (For details see paper II.) 

 
 
The ELISA results indicate that hsp70 does not elicit significant titres of hsp70-
specific antibodies that might be neutralising, and that hsp70 can be used 
repeatedly for immunisation. The lack of auto-antibodies is also important from the 
point of view of induction of autoimmune diseases. The mice were monitored for 
3-4 months after the first immunisation, and no evident signs of autoimmunity 
were detected. These results imply that the risk of inducing autoimmune responses 
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by immunisation with hsp70 is rather low. This issue needs however to be studied 
more at depth before too many conclusions are drawn. In patients with melanoma 
autoimmune responses have been noticed after peptide or IL-2 immunisation, 
where patients could develop vitiligo (Kawakami et al., 1998; Overwijk et al., 
1999). In such cases a mild autoimmune response is considered acceptable, as the 
patient can survive for a long time without major decrease in levels of life quality, 
while continued melanoma growth would lead to death. If used in a profylactic 
vaccine against viruses or other microorganisms, however, such side effects would 
be considered unacceptable.  
 
The role of hsp70 studied in my projects is still relatively unclear. What is special 
about hsp70, and how does it carry out the observed effects? One possibility is that 
hsp70 protects the bound peptides from degradation on their way to the APC. The 
results with the 13mer in the LCMV model may indicate that hsp70 has such a 
role. Yet if this was the only role of hsp70 one could expect other carrier proteins, 
such as BSA, to have the same effect as hsp70. It seemed therefore possible that 
hsp70 has an additional effect as well. That could be for example to direct peptides 
efficiently to the MHC class I pathway or maybe to affect APC function.  
 
I was interested to look into what happens when hsp70 meets an APC. Is the whole 
hsp70-peptide complex internalised by the APC? Are the peptides loaded on MHC 
molecules on the cell surface without internalisation? Which are the different 
compartments necessary for the loading of hsp70-bound peptides onto MHC 
molecules? My first step in studying these questions was to pulse activated 
macrophages (MΦ) with hsp70 either from tumour tissue purified with ADP or 
from liver tissue purified with ATP. I then mixed these MΦ with T cells specific 
for the MC57 tumour and observed if these MΦs=could activate the tumour specific 
T cells to produce TNF-α.  
I could however not distinguish any T cell specific TNF-α production, as I saw a 
very high production of TNF-=α when the MΦ were incubated with hsp70, 
regardless of which tissue the hsp70 had been purified from and regardless of the 
presence of T cells (figure 21).  
 
This phenomenon could explain the delayed tumour outgrowth effect seen in vivo 
with hsp70 purified from liver tissue, and it is now being studied more at depth in 
vitro using DCs as APCs (Wallin R.P.A., ). These studies show that DCs are 
activated by hsp70, including a mature DC pehotype (up-regulation of MHC class I 
and II, CD80 and CD86), production of TNF-α and more effective stimulation of T 
cell proliferation. 
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Figure 21. Macrophages pulsed with hsp70 produce TNF-αααα. Peritoneal 
macrophages were pulsed with hsp70 purified from either MC57 tumour or 
from healthy liver tissue and were incubated for 18 hours. Supernatants 
were harvested and tested for TNF-α using a commercial ELISA as 
described in the section “In vivo and in vitro effects of hsp70 in the MC57 
tumour model” and in paper II. M = macrophage. 

 
 
 
Taken together these studies indicate that hsp70 can in itself activate MΦ and DCs, 
and in this way also act as an adjuvant.  
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Hsp70 in vaccines 
Based on the results with hsp70 a model to explain the hsp70 effect develops: 
When vaccinating with hsp70-bound antigenic peptides the hsp70 is protecting and 
maybe even guiding the peptides to APCs. Once at the APC the peptides are 
delivered to the antigen presenting cell and at the same time the APC is activated 
by the hsp70. This activation could be a “danger signal”, now suggested to be the 
signal needed by the immune system to be activated (Gallucci et al., 1999; 
Matzinger, 1998; Matzinger, 1994; Wells and Malkovsky, 2000). The APC will 
then migrate to a lymphoid organ or secrete cytokines to attract T cells. When 
meeting up with a T cell that recognises the epitope presented by the APC the T 
cell will be efficiently activated. 
 

 
 

Figure 22. Model for the effect of hsp70 when used in vaccination. CD80 
and TNF-α are examples of co-stimulatory molecules and cytokines 
respectively, which are induced in response to hsp70. 
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This model does not need to take into consideration if the hsp70 and/or the 
peptides are internalised by the APC or if the peptide loading on the MHC 
molecules takes place on the surface of the APC. It has been shown that hsp70 can 
enter the cytosol of APCs (Fujihara and Nadler, 1999), and (not surprisingly for an 
exogenous protein) that hsp70 can enter endosomes (Arnold-Schild et al., 1999), 
whereby MHC class II molecules are accessible. Whether the loading of peptides 
from hsp70 onto MHC class I molecules occurs by access to the cytosol of the 
APC in vivo is however still unclear. To clarify this issue experiments addressing 
this question must be performed at the molecular level in APCs.  
 
The production of recombinant proteins is an established method, used widely for a 
number of proteins, of which insulin is probably the best known. To produce hsp70 
as a recombinant protein for vaccine use is fully feasible. Synthetic peptides are 
also being produced at large scale today, with good quality at lengths up to about 
25 aa. This length would be enough for peptides that are to be mixed with hsp70. 
Such long peptides could include both MHC class II binding epitopes and would 
have enough amino acids to include more than one epitope while binding to hsp70.  
 
Instead of using peptides it is possible to produce the whole protein from which the 
peptides originate. However, this method has shown some disadvantages. When 
recombinant proteins have been used in vaccines they often fail to elicit a high 
CTL responses. The main reason is that recombinant proteins are usually taken up 
by APCs and directed to the endosomal compartments where they are degraded 
into peptides. These emerging peptides are then loaded on MHC class II complexes 
and presented to CD4+ T cells via the classical presentation pathway. Accordingly 
peptides from these proteins will not be loaded on MHC class I complexes, and 
CD8+ T cells will therefore not be activated.  
When using a full-length protein there is also a higher risk that some of the 
potential epitopes are cut and thereby not produced. Two epitopes may also 
overlap, leading to only one of them being produced by the cell. By using peptides 
that are ready-trimmed or precursors of peptide epitopes one would minimise the 
risk of loosing the epitopes, and by mixing them with hsp70 one would direct the 
peptides to both the MHC class I and the MHC class II presentation pathways, as 
shown in this thesis. In addition, in a mixture of peptides it is possible to mix 
peptides originating from different proteins and that bind to different allels of the 
MHC molecules. 
 
In some studies peptides were produced as a peptide-hsp70 fusion protein with 
mycobacterial hsp70 (Suzue and Young, 1996; Suzue et al., 1997) and the fusion 
protein was used for immunisation. This has proven efficient in inducing T cell 
responses to viral antigens, and in one study the covalent binding was necessary to 
induce any response (Suzue and Young, 1996). It is possible that the peptide used 
in this study was not efficient in binding to hsp70, why covalent binding was 
required for effective presentation of the peptide. To covalently bind the peptide to 
hsp70, although potent, has the disadvantage that the peptide would have to be 
produced as a part of a recombinant protein, a new one for each peptide one wishes 
to use. It would also be more difficult to use a mixture of peptides in this setting. 
As some peptide epitopes will not bind to hsp70 Moroi et.al. have suggested the 
use of a prolonged peptide made up by a hsp70-binding part and an antigenic part 
(Moroi et al., 2000). This is an interesting solution that is well worth investigating 
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further. If using precursor peptides, however, most peptides will have hsp70 
binding motifs, still validating the advantages of precursor peptides mentioned 
above. 
 
There is a considerable risk of using only one peptide in a vaccination. In tumour 
models it has been shown that when the immune response has been directed to only 
one single epitope the effect was that the tumour lost expression of that epitope 
(Ferrone et al., 2000; Marincola et al., 2000; Slingluff, 1999). A selection had 
taken place, and the only tumour cells that escaped the immune response where 
those that didn’t express the epitope. This risk can be eliminated by mixing a 
variety of peptide epitopes in a vaccine. From the melanoma tumour systems we 
know that mixing many peptides would not be a problem for the hsp70 effect. The 
most optimal way to use hsp70 in vaccines would therefore be to mix recombinant 
hsp70 under peptide binding conditions with a cocktail of longer and shorter 
antigenic peptides, epitopes specific for the disease in question. If no epitopes are 
known, as for many tumours, hsp70 can instead be purified and used as vaccine. 
 
 
You see things, and you say “Why?” But I dream things that never 
were, and I say “Why not?” 
 George Bernard Shaw 
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Conclusions and Future prospects 

The studies presented in this thesis have shown the following: 
• = The cytosolic members of hsp70 purified from a MC57 tumour can elicit in 

vivo protection to this tumour in mice. 
• = T cells from the tumour-hsp70 immunised mice are activated in vitro and 

produce TNF-α when encountering the same MC57 tumour. In this tumour 
system it is shown that the TNF-α response is mainly mediated by CD8+ T 
cells.  

• = Monocytes pulsed with hsp70 purified from tumour can specifically activate 
both MHC class I and MHC class II restricted T cell clones in a human 
melanoma system. The T cell activation can occur via cross priming.  

• = The hsp70 does not have to be purified from tumour or infected tissue. 
Immunisation with recombinant hsp70 mixed with synthetic antigenic peptide 
under binding conditions in vitro is efficient in inducing antiviral immunity in 
vivo and peptide specific CTLs in vitro.  

• = Hsp70 has features important for vaccine vectors. Hsp70 activates 
macrophages that produce TNF-α,=thereby acting as an adjuvant. In addition 
immunisation with hsp70 can be repeated at least three times without eliciting 
neutralising antibodies and with low risk of inducing autoreactive responses.  

These results are the base for a model trying to explain the mechanisms by which 
the hsp70 molecule elicits its effects.  
 
So what do these results mean? In the search for new cancer treatments hsp70 
arises as a good candidate to be used as a vector in therapeutic cancer vaccines. 
Furthermore, not only has hsp70 elicited protection to tumours in our murine 
model, but the in vitro results have also been extended in a human melanoma 
model with very promising results. The next step is to follow the clinical trials that 
have been started to see if the promises of hsp70 can be fulfilled in patients. The 
option to use recombinant protein and synthetic peptides opens the possibility to 
use hsp70 at large scale as a vaccine vector in both tumour and viral vaccines to 
diseases where antigenic peptides are known. So far the risk of side effects seems 
small, but this issue needs to be studied more at depth before confident conclusions 
can be drawn.  
 
Several features of the hsp70 effect are still not known and require further studies. 
What happens with the hsp70 bound peptide once the hsp70-peptide complex 
reaches an antigen-presenting cell? Does the hsp70-peptide complex get 
internalised into cells? If so, which cellular compartments are important for the 
presentation of peptides on the MHC molecules? These mechanisms are still very 
poorly studied.  
An advantage of using the self hsp70 protein as a vaccine vector is that no 
additional adjuvant has been needed to elicit the in vivo and in vitro effects. Most 
effective adjuvants used in animal experiments are not approved for human usage, 
as they may harm rather than save the vaccinated patient. The important adjuvant 
effects of hsp70 require further investigations, and the mechanism for this effect 
can be of interest in vaccines in general. The inherent adjuvant effect of hsp70 
might be used in itself in other kinds of vaccines that need a safe and effective 
adjuvant, and that are directed towards activating T cells.  
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Many of the tumour antigens used in therapeutic cancer vaccination are tissue 
specific, reactivated embryonic gene products or widely expressed self-proteins. 
Often the immune responses to these epitopes are too weak to lead to tumour 
rejection, as the system has been tolerated to these self-proteins. When studying 
autoimmune diseases, infections such as viral infections have been implicated in 
braking tolerance to self, leading to autoimmune disease. It is possible that hsp70 
can activate the immune system against many of these self-proteins, but hopefully 
this will not lead to systemic autoimmunity. Signs of autoimmunity were never 
observed in mice that I have immunised with hsp70. Further investigation of this 
important aspect would help us to understand the balance between effective 
immune responses and autoimmunity, and would help finding the required 
circumstances for optimal immunisation to achieve the desired effect. 
 
One aspect of vaccination that this thesis has not dealt with is the need of a healthy 
immune system at the time of vaccination. For prophylactic vaccines this is not a 
problem, as the individual immunised is healthy at the time of vaccination. For 
therapeutic vaccines however this issue is important, as many cancer patients as 
well as for example AIDS patients become immune suppressed during the course 
of disease.  
In cancer patients tumours often seem to be able to escape the immune system by 
different mechanisms, including downregulation of MHC molecules, anergising of 
T cells at the site of tumour and production of immune suppressive cytokines such 
as IL-10 (Falcone and Sarvetnick, 1999; Fowler and Powrie, 1999; Kono et al., 
1997; Pawelec et al., 1999; Rees and Mian, 1999). In late stage cancer patients the 
immune down-regulation is often general, and the patient responds poorly to 
influenza antigens as well as to tumour antigens (Kiessling et al., 1996; Kiessling 
et al., 1999). The treatments generally used today to combat tumours, such as radio 
or chemotherapy, also have an immunosuppressive effect.  
The problem of immune suppression must be taken into consideration when 
treating patients with cancer or other diseases with therapeutic vaccines. In the case 
of cancer patients the vaccine should be given as early as possible, before the 
patient become immunosuppressed. The mechanisms used by tumours to escape 
the immune system need to be better understood to enable us to circumvent the 
escape of tumours from the immune system. 
 
Much remains to be studied to give us a clearer picture of how the immune system 
works and how vaccines can be optimised. At the same time the knowledge 
achieved so far from immunological studies, including the new findings presented 
in this thesis, show promising progress that should promote the development of a 
new generation of vaccines.  
 
 
Our greatest weariness comes from work not done. 
 Eric Hoffer 
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