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wany 02
fhla wcrk.waa contcmplctc& 1n a centre nklllcﬂ 1n B

: thn evnlu-ciﬁu of patap:atains and winhing to connide:

o 1mmunothar¢py 1n raiation ‘to plasmucytamu._ Asccxdingly ‘”

. the four 1ntruduatory chapters review tumour growth, -

\ftumonr 1mnnnology, tumour 4auunathetqu and plasmacytoma .
: whsnch avolvea'tha aﬂv&ntaﬁa& of studying an ;sciﬁic
“Afoxm,oﬂ a neahl« plasmncytama MP 5563 4n 1nbraa Cau

" f:mc;e. RO

| ; &fter vali&aticn oﬁ the chosan mﬁthoﬁs of atuﬁy.
r*chﬁpters 58 8 dmacriba& tha mcaitaring eﬁ the actuul

. anmber of tumour cells (uuing Cx‘1~1aualleﬁ red celis

”-.”to c&rrect he volumo of the ancit&s) and the ralation~

"ahip of thesa to the aluo &anitora& uerum parapratain iavel.:‘
it was shcwn that f&llowing tntzapax&tanaal tranaplantation,;;
ToMp 5563 showa& thrae @ham&n nr grawth, & latancy pettcd |
| [0~4 daya} an axgonantial (5»& daya) and a tarminal phano
iﬁ9+.ﬁa;u).,: ﬂelaabla vumour neil caunts ‘could. only be -
./ achieved between 5-§ days due to the terminal fo;maeten;ﬁ “

of a fintulmua»iika’aumﬁunic&tiéh between ghé peritoneal

- cavity and the blco& atxaaaa_ From §’&7&aya the'norah'

‘ paraprotain laval was simgly ralatan ta the numbar ot
tumaur caila and this apgﬁltﬂ ta ba the iixat tima that
the gircuaating pro&a»t mf 8 tumvur haa baan ulractly

. rolated to~ta¢ actually countad numbar_of tunour cells.



‘Following the establishment of these mathods to |
1-mon1tor the tumour, tho 1mmune response of the rat

* (haxveated as ehoracic duct lymph) to the mousc tumour‘
was studied (chaptera 9510 ). Washed 1ymphocytes '

. were 1qe££ectiva in vivo or in vitrp.avan‘at ;atios
- ¥0£ 400 pﬁr §umburiceli; Tﬁa in vitro and in Qtvo
‘effccts‘éfzwhole rat 1ymph were lhown toptesnlt only -
in the 1mmunixad rat and to be dua to the 198 fraction
lof ce11~£rea lymph togethex with complement. ‘Prior

© 4in vitro exposure of MP 5563 cells to this 19: fraction

:’fcomplataly prevented their snb-equent growth. In.
“cantrant 1n vivo adminiltration of:193 fraction could
'not effect a cuxe, but did achieva & 3.75 log ruduction
(by 99975!) in tumnur cell numbers which eould pxolong

the aurvival of the mouse. Ponsible mechanisms uhereby"f

~ _the 0.25t snrvived 1n vivo are conniderad in the f£inal

- chapter.' L
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'CHAPTER I

1. TUMOUR GROWTH | |
| A tumour is an ahnormal mass of tiaaua, the net
}'gfowth of which exceeds and‘is.unqooxdinated with that of
th@ normal tissue of dr;éin,land petsiﬁts,in:the same excessive
vmanngi'affarrceasaﬁion of thg‘stimuii which evokéd‘the”change.
: If’it‘infiltrates the aurrdunding‘tissue and spreads to distant
organs a tumour 18 classified as malignant, and conztitutea
~ the diaease of cancer.
| In most- tumours, the neoplastic tiasue consists of
cella of a aingle kind, ‘derived fram a single kind of ti-sue,"
and evldence for such a monoclonal oriqin is reviewed later
(see p.62 ). SOme tumours howevar appear mixed or composita,
. in that they consist of two or more kinds of neoplastic tiasuas,
the £ibroadencma of the braast is a familiar exampla..'

Cancer is characterized by a cell produotion rate which
48 in excoss of the rate at which cells are lost. = The tumour

‘outgrowtj its parent tiasuas slowly or rapidly foxming an ever

- 1ncxaaaing superfluous mass.

. There are some noxmal tissues the calls of which
'1n the adult body at least rarely or never multiply, €.g.
muscle fibres or narva celis. A prograsnively growing tumour‘
compoasd of such cells clearly possesses & proliferative power o

in excess of the normal rate which is zero. Othgr tissues
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';of the hody, nuch as surface apithelia and the haemopoetic

"'I‘tinsueu, normally exhibit mitotic prolife:ation of their cells‘

' to replace those which are conatantly loat. A tumour of such

N tissua exhibits mitotic proliferation in excess of this normal

f--replacemant rate.4: It is not yet ‘clear whether thia incxaased~

"~growth rate 13 caunad by riduced time between cell divisions,

M‘i“hy more cellu dividing, or. by a reducad rata of cell loss or

"variable cambinationn of these. . The importaaae of these

. 3processcs may be dizfarent in ditfe:ent ‘tumours.

_ : It 18 ulaar that- tumnux grawth cannot be canceivad as
) heing maintained by - tho continuoun atimulatinn of the tumour :
tiasue by the same agents which evokad 1t, These agents |

- must act by initially 1nduc&ng in tha celln 1nv1s1b1e changes

;iof metabolism and prsliferntion which are ‘then transmitted _—
indafinitely to the descendants of the 1n1tia1ly changed cellns )

’ but 1t 1s not claar whather far mast tumours they graw fram

-’7’;a single cell or frnm a number of aingle cells that have undor-

,;gcna malignant tranufoxmation due to sone cammon causa. direotlyA,

or’ by stagea.

O L.2. wuuoun cnowmn uonnn o

‘ f‘ Tha growth of a. tumouz could ba canaiderud 1n terms of
‘paxenchymal calls. beaxing 1n mind that atramal changes axa
‘also occuxring.«; A four campartmant ‘model of tumour g:owth

3 sem to dnscr.‘l.be tumoux gzowth adequately 1n the prasent state
‘jffof knowledqa. (Fig.)l.). ‘



._);/{i;(/_ Go Cells

Sterile -

Proliferating 7
‘ cells e s cells
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Ny Dead CBlls - &Lﬁ//// -

A four.compartuent model of a tumour’cé11”p0pulation'

Fig. 1,

‘ | containing Go calls which are nonrproliferating,

| "but capable of re—entaring the. proliferation cycle
-~togethar with proliferating calls, dedl cella, and
sterile cells. o ‘ o

'-'-1;3, METHODS OF FOLLOWING TUMOUR GROWTH

- The growth of tumour ia beat defined in terms of .

serial ‘estimates of cell numher. This is only practicully‘

, possible by direct counting of cells in ascitic tumours. :
For solid tumours oneAmust raly either on. measurements of
’,the external dimensions using calipers, applicable to super- -
‘ficial tumours only(Mayneord, 1932) or on the weight of |
'the extirpated tumours (Rosenoer and Whisson, 1964), The
ivolume or weight then has to be related to cell numbars.



'Such.mothods can be 1nvalidated.,as tha paramaters may be
1n£1uanced by haumorrhaga, nacxosis, 1n£11tration or atroma
A grawth which can change ‘the volume or waight of the tumour.
Tha common belief was - that iumour growth tollowed a
aingla exponantial process, terminated when the host was
no longes: able to prov:lda the nutritional requirmnantn for
growth This was expectad from the binary division of '
calls.occuxring in closed population 1n which the - generation
',time and the £raction of calla taking part 1n the diviaion
‘process was constant. | T
’ , In practice howaver, when the 1ogar1thm of voluma is
| N plotted against time such grthh curves nnually bend towards
the axia, and a straight lina £1ts only ayminority of solid
‘tumours. Mayneord (1932), Qbse:ving thig depgrture from |
1dga:1thﬁ1c grawth in Jensén rﬁt'satcoma,fsﬁﬁpaéﬁed this Qas.
due ta central nacroais chaxacterintic of that tumour. ﬁith 
a mathamattcal mpdal he was ahle to show that cell prolifexation
. was restrictea to the autaxmnat 1ayer of tiasues‘ chlotting
maasuramants of Jensen sarcama as a mean diamater vnxsus time
1he found that thay gave a- atraight tine.‘ :V o
Asoieaa tumours are battar axamples af axponential
qrowth. Whe 1ogarithm af ascitic tumour, cell numher whan
<>plotted ngainst time ‘shows & llnear xalationship over a ,"
m,wlde range of call nnmbers though aventually the curve. -
4£1attenn during the last days of lifa of the antmal(nuvesz



and Klaih,'1954). Klein and ReveSzr(1953) found én
/V‘exception to this with MCIM and- Ehrlich ascites tumours
.rwhioh canformad to pcorly logarithmic grawth ~ They wer31 
similar to solid tumours in that the cube root of call
,number was linear against time, they dascribed this as a
" "Cuba root phase“. Patt and Blackford (1954), emphaaized
two phases of growth of aacitic tumours, a 1ogarithmic
phasa followed by a cube root phase, with naither phase
*_only describing the entire growth. Laird (1964), deacribad
" 'the growth of many tumours &s a gompertzian finding.
Following the 1ntroduct¢on of DNA labelling with t:itiated
’thymidine to measure the cell qyele time, new light was’ (1
thrown on the problem. i The slowing of tumour growth could
be due to any or a cambination of tha following factors.

(1) . Prolongation of tha mitotic cycle - although there
 is only a little avidence for this phenomenon. - _
Baaerga (1963}, Hornsay and Howard (1956), and Lala _
and Patt (1966), claim to hava shown pxolongatian
of the s':Gl'ﬂnd Gz'phages as tpo tumour_continuea_tp,
." grow. - - ST

‘_(2)‘ Decrease- ofvtheAg;owth fr&cﬁion‘-3the‘peféant593s;'

iapr i mmnz

. Baserga (1963), Lala and Patt (1966), to decrease

| progressively as the tumour grows.

(3)“Incxaase in the. cell loss - this incxeases prqpor-

f:tionally with time.



Plig. 2.

Diagram repraaantlng the four phasea of the -
cell cycle.  Arrow ahawa the diraction 1n which

call progxaasas around tha qycle.
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1.4, DHE CELL CYCLE
Before the advéﬁt of radioactiva precutsors and

',;autoradiography. mammalian cells were describad as pasaing

thxough only two main phasea during thcir cell cycle; a

' shorter phase, mitosis, in which the chromosomes became

visibla and cell division oacurred and a longer 1ntezphasa
. or :esting phase., It was considered that during the mitosis :

phase, both replication and division of the chtamosomea

 _octcurred, until 'Howard and Pelc (1951a and 1951b) using

32 labelled precursoxa of DNA -

autoradiography with s? and'P
suggasted that the aynthesis of DNA and of chromoaame material
'in dividing cells occuxred during a disc:ete portion of the
| long interphase of the cell qycle. ‘
| COnsequently, it was suggauted by Howard and Pelc(1953)
that the cell qycle eould ‘be raprasented as a model shown in o
:,Fig.z, where tha cycle 13 sub~divided 1nto four phases, s, Gyr
, M and Gl., Convantionaliy 8 standn fox ‘DNA synthasis. Gl |

" and 62 are two "gap® phasea duxing which no DNA synthesis
oceur, p:eaynthetic‘and‘postsyngheeic‘:espectivelyhand M-

~ stands £o: mitosis.

1.5, CELL ROPULATION KINETICS - |
| Cell prolifexation kinetics 1s a new field of study

which has developed as a rasult of the techniquss which have
bacame availabxp fo: stu&ying the rate at which cells grow ﬂ

within an animal, Conaequsntly ‘the piotura of a malignant
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tumour as that of a tissue growing faster than its tissue /
of‘origin has been profoundly changed in the past few years.
Just like normal renewing tissues of the body, it has been
emphasized that a tumour is in a state of dynamic equilibrium
‘between cell renewal and‘call loss; and'it’only iﬂcreaaes

in weight or volume when the rate of proliferation ia higher |

than the rate of cell loss.
Studies of tumour cell population kinetics aim to:

- 1) Provide a proper kinetics of animai and human tumouxs.

2) Understand the\ragenarative‘capac;égﬁqf normal and
malignant tissues. ' ‘ '

3)"Thxow new light on the nature and causes of malignanqy.

'4) Help in the design'and agsessment of treatment.t

Such studies relate to many aspa¢ta of cancer therapy as
well as to the underlying aatiology and nature of the n60plastic
growth, and have an 1mportant baaring on the futuxe of ;adiow
>therapy, chemotherapy and fnmunoctherapy. |

Within the classification of malignant tumours, there
18 a wide range of growth xates, and also a range - -of degrees
of malignancy. - In C3H mice, the experimental §1asma70011
tumour MP5563 doubles 1ta'volnma in 18 hours, while in man
pulmonaxy metastases from oarcinama:of the coion‘dbnble théirx
volume with median times of 25-100 days (Steel and Lamerton |
1966). A wide range of histological types and deérées of
‘aifferentiation is found in both human and animal tumours but



. often very similarwpéttgkns can be prbduced. . It'tﬁe:eforé(!
‘seama likely that studies‘on animalhtumours will be relevant

. - human tumcurs, realising that human tumours generally grow.

" much more slowly than the experimental animal tumours. This
is mainly hecause of tho gzowth fraction which can approach
1.00 1n scme experimental animal tumours but which is usually
only a nmall fraction, 0.01 in some human tumours. ‘
| In a quant&tative'atudies of the killing of haemopoetic
- and tumour stem cells by chemotherapeutic agents (B:uce 1967)
- has shawn that tha salective killing of tumcur cells by many
agenta depcnds tc a large axtent on theit ptoliferative state.
‘?rolifarating cell popnlations axe much more senaitive to the
toxic effeets of many ch&motherapeutic agents than ara resting o
4 hnon-p:oliferative cells in the G, state, Thus one would predict
" that agents which appaar aelectively toxic for rapidly
proliferating cells (e.g. AKR 1ymphama) would be lass effectiva
in the treatmant of slawly grawing tumours beeause the tumour stem
"aella may ‘have (i) a long generation time (ii) n aiqnificant '
B \propoxtion in G (11&) a small grawth fraction (M@hdelsohn 1962). i
'”When the . tumour stem cella are . in rapid call qycle thay should 4
" be very sensitiva o agants that are. salectivaly toxic for

‘prolifezating cells. C
1.6. THE GRQWTH CURVE OF ASCITE8 TﬁMOUR hs A MODEL
| A number of different tumoura ‘can ba induced to grow in

an ascitic form, whera frae tumour cells’ grow actively in the ,7



19
peritoneal fluid and reach there a high absolute and relative
=concentrat1an, with many advantages for use in 1nvast1gations .
in va;ious brapches in axperimqntgl oncolog&. V,Aftgr inocu~-

" lation there is a "latency pa:iéd“ otva‘fewﬁdayg which is
1inver§?y.pr0portion£l~£o tha_humber of tfanéplantad Eumour '
cells (Kléin and- Revész 1953), and of unknown aetiolog&,
auring which the tumour growth could not. be detected.
Thareafter, the tumour growth 13 maximal shortly after
‘1fthe end of the latency perio& and decreases continuously.
:Finally followed by texrminal period with an apparant £fall
Joff in tumour growth.. Steel (1968) showea that cell loss

: lwla an importane factor in determinlng the growth rate and

the shape of’tumour growth curve, of a number of experimental

) “tumours. This cell loss is small when the tumour is small

'anu pxograssively inereasea aa ‘the tumour grow@. in aize.
Several possibilities have been 1dent1fiad of cell loas fram |

tumours._

i) Metastaaas = both 11v1ng and daad cells may be- lost
fram the tumnur valume.| It 1s obvious that living
cells 1eava tumours, ‘since mstastases often form in

‘sites which are distant’ fram the primary tumours.j

These viable cells. may be carried in the vascular .
4syatam and circulating tumour cells have been 1ocatad
" in the blood of cancer patients particularly after .

.surgical exciaion of the tumour. .
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Cell death ~ using the results of Baserga

(1963) ;| and separately Lala and

 Patt (1966). for Ehrlich ascites tumour ,Steel (1968%

l‘deacribed a slowly prograssive increase in cell

the_death of the host

_1oaa to as high as 90% bafore‘and asgsumed this

to be due to the death of rany  of the tumour

‘calls faund. Csll daath occurs for variety

- of reasans, including 1naﬁequacy of the blood -

snpply or vaaaular accidants. Thesa dead ‘

_calls may autolyse and be resorbed or they ~

. may ba removed by phagocytosis.



| cmmnz R T
TUMOUR IMHUNOLOGY
| Aftar canaidaring tho immune xasponsas, especially
‘those capahle of killing cella, evidance for antiganic '
7.‘differnnces betwean tunour and its paxant.normal tissue '
‘axe reviewed, concludxng wlth evidance for host rcapcnsas
o such differencaa.‘ S S '
- 2 1 IMU&ERESPOHBES o
| Nonmal animals show tha capacity to rid themaalvus

T Of 1n£ection hy miczoorganisms, as well as rajecting many

o *materials (designatad aa not-sclf) by the mechanisma of

(natuxal immunity. howevur aueh mnchanisms are occasianally
;ivaluelass against 1n£ection. Animalarthat xecover from
" an initial 1afaation arn often able to :asint a second

| 1nvasion by the same mxcrooxganism thtcugh the 1mmun1ty

“‘ 4acqu1rod £rum pravious exposuras to hhat microotganism.-v

| " This dapcnds upon ‘the 1ndiv££ul's active cuntribution B >
L and this 18 referrod to as 'Specific acttve acquirad 1mmun1ty'
) Again while apecitic immunity usunlly protaets the
 fan1ma1u, 1t can sometimes confer unploasant or even dangeroul
‘hypcraensitivity tollawing fuxther exposurn to tha provoking
: antigen, the so-called allargic raaction.,, In certain '

’f,{ dineasa statas, 1mmnnaloqica1 proceases diractly against thei

'body's awn tisauea, a.g. tho formation of. autoantihodies.‘



Since the racognition of such éutoant;bodies, a wide
range of tissue disorders have been classified as auto-

‘1mmune diseasas. R

A.most exciting field of modern 1mmunology 15 evidence of
the role of immunological process 1n controlling cancer
after it became evident that the body can racognize cancer
cells as foraign. ' Approaches to the treatment of
,'cancer are tharefoie attempts to develop means by which
-1t might be posﬁible to ‘evoke or enhance the immunological -
- responses of,the body againat canceg,vor tq passivelg
transfer immunity £b(cagcet:paéignti,h\;Conéidefation
- wi;lvbe'given to~theée’appf6a§hes inva later chapter.

| Specific immunological raactidns are mediated
-by humoral factors (humoral immunity) or more- directly

by cells (cellular immunity).

- 2ele(l). HUMORAL IMMHNITY

This 13 meaiated by certain serum proteins which
_run mainly ascyéglobnlins after electrophoretic aaparatiop

and  are now calied imﬁuﬁoglbbulins (Hérémana,'1959).' ?ﬁey‘
can reaet directly with antigens, and 1n vitro this can ’
( raesult in precipitation of soluble antigen, or agglutination |
- of the cells which have specific antigens on their aurface.,
In man, the 1mnunoglobu11ns have been &1v1aed into five
‘groups known:as IgG, Iga, IgM,‘IgD andvIgE, the physico—
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3.\’ Thny are made by cells of the plasma eell serias, found

Chemical charactaristics of which are daacribed 1n chapter :

in the bone marrow, the medulla of lymph nodes, red pulp of
the spleen and the laminae’ propriae of tha gut and reapiratoxy
' systam, atc.l” In some cases, the biological consequonces

of the 1ntaraction of antibodies with antigens depends upon
‘the’ secondn:y activation of a complex ayatem of non-specitic
'factors present in the blood and tigsue fluids known as
.rcamplament. o AJ k, | o |

| CQmplemsnt is a number of subutancsn which 1ntaract

’ yin a dafinzto sequence 'in & manner analogous to the blood

, qlott;pg mechanism. then antigen‘ﬁnd antiquyv;eact to
form a éamplex in fresh aérum,‘saﬁe components of complement
becamss actually bound up with the ¢ompl¢x. The roactian
_is 1n1t1ated when the Fe paxt of the heavy chain becames ‘
'idistortea or axposad by cambinatian with antigen, and when
‘more than‘one pair of such heavy chains should be arranged .
- at a 8u1table short distanée apirt. » Bdcausé-df\this IgM - |
antibodien (with 10 heavy chains cloao togather) are more
"afficient at fixing camplement than are IgG antibodies.'

" 2.1.(44), CELLULAR IMMUNITY I
' This type of immunity mainly;mbdiates delayed type .
’,’hyparsansitivity, the rejection of homografts (or tiasues

" which can ba recogniaed as foreign) and same 1ntracellulur
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infections. HSmall lymphoéytes hecd&eAsenﬁitizad upon
passing through the tisaues, and then pass to the 1ymph

' node where they ente: the paracortical area between the
1ymph folliclea and the medulla. where they proliferate.
. The sensitized 1ymphoeytes first differantiate into large

o bascphilic cells - referrea to as immunoblasts. These

‘1ncxease in numbars about 3 days after challenge and return
to normal by day 10, (Delorme, Hodgett, Hall and Alexander
"(1969- ); ~On»&éqy'f‘the immunélogically acﬁiva lymphocytes
laava the local lymph node and move to other lymph nodes

were thay can propggate into other 1mmunolog1ca11y active
V‘lymphocytes., Maanwhile sueh cells can he found in the

blood stream, and .can be xecognised by observing their

reaction or exposure to the antigen./

The thymus‘gland'plays a majcr role in establishing‘
.«the cellular immune responses aarly in life.  Early
thymectomy can xasult 1n failure to develop cell mediated
‘1mmunity.‘ The lymphoid tissues will be uepleted of
lymphocytés, esPecially in the paracortical areas of lyrph
‘nodes 'thymus &ependent areas“ and the whita pulp of the
1591een. Meonatally thymactumized animals can develqp |
normal immunoglobulin levels and respand mainly to stimulation o
with soluble antigens, howavar ‘there can be inhibition of
‘certain types of antibodies such as those against sheep red

calla because in such 1nstances call-to-cell cooperation
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‘between callular and antibody responses seems essential,

2.1.(141). PRIMARY AND SECONDARY RESPONSES

When an animal becomes first in contact with an
antigen, a linited responsze of low intensity and short durxation
is produced, This is termed the primary response and during
it germinalcentraes may develop in locallzed collections of

lymphocytes in the 1ymphoid tissue called lymph follicles, -
At the same time plaama cells may begin to proliferate

at the‘cortléo-medu1lary junction and in the medullary cords.
" This renulta 1& thqvformation of.aensitikad cells and/or |
nntibodias."

On a aubsequent contact with antigen, a nmuch gquicker

and more extensive reaction occuxa. and antibody or sengitised |

)'.calls are producad as a result for much longer time than

the prlmaxy response.\. xhiu time the antigen is localized
in the germingl centres as well as in the medulla of the
lymph nodes hffecged and a much more extensive proliferation
of plasmaféells'occﬁis., The secondary response is thought .
to occur as a result of immunclogical memory residing within
cells of the small lymphocyte c¢lass.,

- 2¢1.(4v). MECHANISMS OF KILLING CELLS

Of all the various mechanisms of immunity those which L
are of special relevance to the present thesis are those

capable of killing cells.
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Of the hnman 1mnunog;obulins only Igu,nnd IgG are
known texhavelﬁhis property. ﬁheﬁ IgM nniibody combines
_with antigens on the surfaca of the call membrane it
activates camplement. and does s0 in such a way ag to be
,:fvery‘effective 1n=causing_a local 1esion indthe nndgrlying
: ‘céll némbrane.iif thevantigenflies on onlvery close to the
cell surface. Igh is so effinient 1n‘tnnt a single molecule
{:Qof IgM antibody attached to the surface of a coll, €eTJe
red blooa cell whicn is incapable of repai:ing its nambrane,
:can activate complament SO as to 1yse the cell. This is
in contrast to IgG which can also cause cell lysis with o
camplement but which appeaxs to do S0 only when two antibody
"molaculas becomn attached very close tagathar on the same |

surface. Lanaequently many more IgG molecules per cell

- . are raquirad to pro&uce the sama amount of damage as a

single IgM molecule, a.g. 7-10,000 per rad blooa call’
' requiring somethinq 11ke 50mg . spacific ng antibody/loaml.

- plasma. In practice this concantzation of specific antibody :

is very rarely achieveﬂ. 8o that diract killing of cells

by IgG antibodies 18 not aaen. Eowever certain IgG sub-
clasaes (IgGl, IgGB) can become athached to cells and then o
":such tagged cella ‘can becoma cpsoniaeﬂ by phagocytes, with
subsequent destruction of tha tagged cells. Complement is

.essential to this proceas, and receptors for its components

and for only IgGl, IgG3 or IgM are demonstrable on the
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the enhancad alimination of those infeotiva cgenta which ":28
can’ reside 1nside macrophages or other cells.

lk'“if In tisaue cultute, the resulta of interaction betwean:
ftaxget callﬁ and aensitiaed lymphoqytos can also be sumetimea
'ohsazved hy the relaase of madiator molecules, the lymphokines.,
80me of these may ha qytotoxic diractly, and others. by
'f;inducing macrophage aggragation or migration inhibition may
 “1,prumote death of harget cells. Evan others by cOOpting '
 m1togenes1a in other lymphoqytea may add to. thu whole reaction.‘

 2 1. (v).; coomm*rxon m muum.. MECHANIEMS

Thaza 1: much evidanca that 1mmune raaction is ragulatad
" by csllular cooperation within the lymphoid syntem und that
3 pexipheral manifestaticns of thc 1mmune responsa fxequently

o renult frum intataction betwean call mediated ana antibody

“‘madiatad camponents., In reuant stndies, ﬁcnennan, Loewi,

N 7and Harding (1970), huva prcvided evidanca that humoral ant1~ -

fbodias may induce cell meﬂiatcd cytotoxic reaction in vitxo.‘

ﬁ"jBxiofly antiqenic tazqet aalla ‘when treatad with apacific 7s

'immunoglobuxin will be damaged when axposed to a.moderata -

excess of lymphcid cella fraa un:enaitised donorn. ' Tha

~.'specific immnnoglobulin is offectivn at dilutions oo weak

‘-to give rise to convantional camplament madiated lyais 1n the
,abnenea of 1ymphozd colls.‘ Furthexmore thare 19 evidenee
rthat reacticn against nauxoblastamn is madiated both by

:  .;0011u1at and humoral1mmunity(Ballstram,Hellatram,?iaze and

- Bil1, 1968.
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2.2, TUMOUR ANTIGENICITY

) Tha importance of 1mmunoidgica1;fidtbr¢vin the gtowth'
and progression of tumonrs 13 not teoently discovered,
.Attention has been paid to it since the beginning of this
century by many diatinguished scientists ‘Yike Mnrlich f
’:(1909) who was the £irst to discover the ability of the host N
‘:to reject transplantad tumours. | '

_ Much work after Erlich cams to a halt when ngldnt
' (1929) zeviawed most of the work done in that period and
_;considerad it to he valuelass.<‘ The oxperxmonta had bean
vconducted in outbred animals and the tumours wnra rejeetad .
'11ka any other hamograft. ) No real prograss was mada until
Groas (1943) produced 1mmun1ty againlt transplantable |
‘tumours in an inbred strain of mice. Fram 1948~1956 tha‘"
hRusaian School o£ zil'ber did much to show that another o
| animal (e.g. guinea pig) could raadily recognisa 1mmnnogenic:
A  61f£erencas between a tumour and its paxant normal tissue(e.g;
- 6f man) (Vygodchikov, 1959). Later on it was found CEalagm "l,
1953; and confirmed by (Prehn and Mai.n, 1957; and by (anesz, o
;1950)' ‘that methyl eholanthrena ‘induced sarcoma, but not 1
apontanaous mammary carcinoma could induce a stata of o
resistance in 1sologous ‘mice. . Since this xenawal of

:genthuaiasm, much work has baen dane.

It is very 1ntereating to nota hara that chamically

1ndnced tumours have 1ndiv1dua1 antiqens. and cxoss immnnization
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«; is raxe or absant even between tumours of stmilar morphology
and induced in the same host genotype (Klain and Klain, 1962),
. OX aven between aevaralAtumqurs formed in the same host by -
one carcinogen. In cohtxaat;'virus lnduced tumoﬁrs, darxy |
S vi:ua determined surface antigon which 13 common for all

‘the tumours 1nduced by the same virux even 1f they are

|- different in mnrpholoqy, and cross immuniaation is feasibla. o
: (Klain and Klein, 1964). ‘o : . .

:,2;3; EVIDENCE FOR IHMUNE azszswancn BY THE aosm s

V Evidence that trannplantation antiguns exist on the
b surfaoe of tumour cells and that the host 19 capable of

xecognis;ng,theae antigens\eame fram.two sources:

,(A)- evidsnce from experimental antmals o

" (B) evidence from man i

A study with exporimantal animala on the maans of
;unmasking the antigenecity of : tumouzs and potentiating the ,
host reacticn against its tumoux might holp in daviaing for

fman immunotherapy againat his prtma:y tumours-



-‘2.3;1A). EVIDENCE IN ANIMALS. This-is'derived from studies

of immunised or immunoauppressed animals.

) IMMUNISATION

Recent advances in cancer immunology pay tribute
to the establishment of inbred strains of animals, making '
~ possible tissue graftingafrom one animal to another. | '
Antigehicity of,tuﬁour»tissues ih isogeneic hosts (unlike
" normal tissue) wes demonstrated‘following immunisation
by the“gollewing methods»(Alexander'and Fairly, 1967).

(al Surgical réﬁnVal'of the tumourfefter it\had been
‘trensplahted and reached‘e certain size;‘y(b) injecting
1ive tumour cells which had been rendered incapable of
mitosis by ptevinnsitreatment with x-ray or. certain

- ‘chemicals. r(cj ohallenging the animal with a small dose
of tumour cells below the threshold number which normally

‘ produced tumours.‘_'

- This immunity was then demonetrated when the immunised ‘Q‘
lanimals failed to develop the tumour upon challenge with a
doee of~tumourvoells that normally produced tumoura in the
r.unimmunised«asihal. Larger overwhelming doses did produce
tumours in. these immunised animals reflecting the weak anti-
genecity of the tumour in the isogeneic host and emphasising

high-dose tolerance.,w,



| tii) TMMUNOSUPPRESSION FOLLOWED BY CANCER
Both human and experimantal animals develop tumours
: with 1ncreased frequency when deprived of their immune

‘responae, e.g. being treated with 1mmunoauppressiva agents.

"“Most striking is the obaervation made by Gougas, Chaatarman,

o Hirach, E?ees, Ka.rvey and Gilchr:l.si: (1969), whan they
attempted to propagate human leprosy in CBA.mica made
»1mmunologica11y deficiant by adult thymactamy and repeated

‘ ~ALS injections. All the mice’ ware 1njacted in the 1aboratory
'-: with polyama virus. All tha thymectomiaed mice receiving

if ALS (the group with tne most severa 1mmune deficiency)

:developed polyoma tumours whareas nct one af thosa only
"thymectamised or the. controls develoPed the tumours.' hia “‘
| ‘demonatrated the effect of immunity in limiting tumour
*,devalopment in animals. Gershon andVCarter (1970), found ‘

that those
with hamsters transplanted withlymphoma,ltreated with ALS

B ware shown to have tumouxs 1arger than those treated with

A norma1 serxum. Metastaaes developed 1n most of the ALS

A'&:'treated onea but not the controls.' Immnnosuppression has‘“

a vety significant effect 1n inducing vizus induced cancar

t,‘but not chemically 1nduced ones. | .

"2 3 (B). EVIDENCB IN MAN N

For obvious reasons, experiments to establish the
antigenicity of tumours in human beings cannot be carried

out’ in}the same way as igAanimals. Furthexmore, except
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'in 1dantica1 twins or a few families, inbred strain of

human beings ara not available.” For these reasona, much

‘of the evidenca in man is indirectly based on observations |
of patienta;  These fall into thzeevcategorigs. (1) evidencéﬂ
':;fram patients with immune depression. (ii) evidénce’frum -

- hoat :eactions against establiahad tumcurs ana, (iii) othe;<

. avidance.

':‘1) EVIDENCE FRDM P&TIENTS WITH IHMUNE DEPRESSION
o _ (Burnet, 1967) evaluatad tha 1ntact 1mmunologica1
 mechan1sm 1n self defenee &gainat cancet. ' It is claarly
gy established thaf: there 1s a high :mcidence“ of . lymphmna m o
‘patients with agamaglobulinaemia (Miller, 1968) and m )
patients with autoimmune diaeases such as rhaumatoid ’
diseases (Laa, 1964). | . L ‘
| If 1mmunclogica1 responaas are 1mportant in contxolling
cancer, patients receiving organ hamografta and under long
‘ continued ‘and efficient immunosupptaasion might ba exposed l
;1 to a higher risk of cancer aitner 1nadvertently receivad \ |
",with the donor graft or arising frum their own tissues."
~ In aix patients who raceived kidney homografts, _
) .a &anor type neoplasia has davaloped 1n or outside the.7
'hamograft. This suggesta that the danor graft contained
‘tnmoux cells. which have prnduced cancer 1n the recipient whose'f

‘immunity was suppresged. One recipiant of a renal homograft



'from a cancer’ patient developed an extensive tumour af ‘the : ,7311
 'donor type 4n the lung.‘ This underwent camplete ragression |

after the patiant stcpped taking the 1mmnnoauppresaiva drugs,"
“(rairley, 1970).': L '

- Immunosuppresaive treatment might encourage tumour to
emerge from neoplastic cells pxesent in the recipiant befo:e
thauhnmograft operation. In !avour of thin phenamenon is
the ‘report of Starzl, Groth, Brettschneidcr, Moon, 3u1g1n1t1,4;
- Cotton and Porter (1968). Their patient had a 11ver tctalxy.4
infiltrated with tumour tissue. This was removad aurgically
ana;arlivar humograft’Qan”ﬁranlplantad. On 1mmunosuppressives
the patient rapidly developad wiaespreud aecondary tumour
‘.and diad. 1t 1s tharsfore queatianable whathar 1mmuno~
| suppratsion cambinad with transplantation has any'place in

. the’ treatmunt of cancar patientn..

o 2.4. (B)(ii). EVIDENCE O? HOST REACTION AGAINST AN ESTABLISHED ‘
| | TUMOUR. = R o
Both dellular and humoral reaetions against antologous
tumours hava been eatablished an& are. considerad under (a)
dalayad type hyperaensitivity, (b) histalogy (c) active

"1mmunization and (d) humoral raactionl%. ~;‘"'

(;)»v DELA!ED TYPE HYPERSERSITIVITY : o
" ' Tha prenence of delayed type hyparaonaitiv&ty reaction ‘
in patients towards exttacta of their own malignant tumours .

' was shown by Hughes and Lytton (1964) 81m11ar1y stawart



(1969) showed that the reaction to a cell—free extract from
their own tumours occurred 1n 26% of patients and that this
reactien ccrrelated with the degree of 1n£11tration of the
‘tumour by 1ymphocytes. Earlier Stewart'(1968) had es?ablisha& "
‘-that a good prognosis exists in‘sudh patients. This'suggests
a cell-mediated 1mmunity directed againat the. growth and
_spread of cancer.
 (b) HISTOLOGY |
Pathologists have obaerved histological evidence of

‘reaction between cancer cell and’ the host. Lymphocytes
- and plasma cells were scmetimes seen to surround and
infiltrate-mgstly secondary and even primhty‘tﬁmogrs,'\ﬁhis
‘was shown by Ramlin (1966). to be éorrélafed to1thé é&pgﬁosis"
‘ LOf’cércinama~of the bfeaét; the greater the‘ifmpﬁocyte and
piasma éeii infiltratidﬁ ihé better the prognésié.» Similaﬁly f«A
'in ﬁo&gkinérdiéeaSe, poor ?rognosis héd°been asSoéiaﬁéd ‘
 with lymphocytic deplation (Lukas, 1964), and a better

'vproa1osis was associated with lymphocytic and/or histiocytic

~‘infiltration.

(c) ACTIVE IMMUNIZﬁwxow

On rare occasions, céncer patients who have oaen

' incidentally mevcrely infected’ with bacterial or viral agents
have obtainea partial or total remission of tneir malignant
'tumours. This effect has been explained as’ du& to a non-~-

- specific stimulation of the immune response.‘
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It was‘old, Benaéérxaf, élarké} Carsﬁull andFStockeff}“ﬁ; |
(1961) who demonatrated the effect of BCG to retard the growth ;
;i of chemically 1nduced tumours, - and Math6 et al (1969) who
’~~'adapted this method to 1nduce prolonged ramissions 1n patients.
v@th‘acute lymphoblastic leukaemia. 5

. v('d) )  HUMORAL REACTIONS ‘
.{Antihoaiea diracted ugainet specific tumour antigens

" have been found with malancmata and with Burkitt lymphomata.

.\'The findings of Lewis (1967) are most interesting in that

/serum takan from patiants with mslanama with long histoxy of -

;the diseasa, but with no metastaaaa, is toxic to the autO*
_ chthonous melanama cells in tissue culture. In contrast sarum

Afram patientn with disnaminated disaaae is not.- The preaance

‘ 1n the aezum of antibodiss directed againat the tumour was
established and these can prevent the tumour fram metastaaising.
Antibodies to melanoma are produced by 1njecting irradiatad '
‘cella to nozmal adults. (Ikonopisov, Lewis, Hunter~0raig,sodenham,
Philips, Cooling,.Practor, Hamilton-rairley and Alexander(lQ?O). _
| More important 1n this field is Burkitt's lymphoma. This" a
type of lymphama seems to be 1nduced by virua known now‘as EBvﬂ‘i‘
~(Epste1n, Barr and Achong, 1965). virus. ‘Antibodies to the EBJ'@:;
’nvirua and to the cells containing the virus 1n tissue cultura A 

- were detecteé by Klein, Clifford, Klein and Stjernsward (1966),
4’jthe fluorescence technique, in the sera of patients with Burkltt'
Iflymphama and in some normal peqpls in Rfrica and in 0thar o

‘countries where the studies were carried out, These antibodiel wara



Shdwn to be7the'same,as those fonnd in other conditions’

':associated with EB virus, e. g. glandular fevar.‘ It is not yet

7_known whether the EB virus is a common cause for both Burkitt'

R lymphsma and glanaular fever as the virus. favours the growth
“in these'two conditions.' The study carried out by liegler,
‘Cohen, Marrow, Kyalwazi and Carbona,(1970), evaluated the
jimmune status of-patients with Burkitt‘s lymphama.‘ They

| faund nonmal cellular immune responss in traated or untreated
patients, and a defective prima:y antibody immune respsnsa ’
ﬁ\with low: IgM 1evals in untreated patients but not in; patients

in remission.

2 4 (B) (111). O'I‘HER BVIDENCL

This evidsnce is less direct but immune reactionShave
"been implicated in (a) metastatic regression (b) spontaneous

K regression ana (c) regrassion of choriocarcinoma.,

e METAS'I‘A'I’IG REGRESSION

Pollowing effective eradication of the primary 1esions, -

surgeons and radiologists have observed the disappearance of

) Jisome metastatic lesions completely or at least for a perioa‘

~VH‘ of time. Usually they reappear and grow rapidly leading o

‘the dsath of the host. These conditions might suggest the

- n‘ability of the. host to control the rest of the tumour after -

the tolsrogenic 1nfluenca of the mass of primary tumcur has‘;

.( i“besn removed. A possible mechanism is the release cf

licompetent lymphocytes which had been previously restrainad

"to the lymph ncdes regional to the primary tnmonr (Alexander,
'Bsnsted, Delorme, Hall and Hodgett, 1969).
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(b)) SPONTANEOUS REGRESSION / ~

| Is definad by Everaon and Cole (1956) as “The partial o
, or camplata disappaaranca of a.malignant tumour in the
absenca of all treatment, or in the prasenca of therapy

A which is conaidered inadequate to exert a significant

_ influance on naoplastic disease . This phenamenon occurs
y.very rarely, and Evarson ‘and Cole: collected 176 cases of

: authentic spontaneoua cure reportad by aurgeons throughout , 
: the United States.' Tha 1ncidenca of thia phenamenon 13

about 1 in 100,000. It occurred 1n patients with various

Al

N tumours 1nalud1ng neuroblastama hypernephroma, chorio-

~carcinama and malignant melancma. Several patienta who

©  were xeparted to have spontaneous regrasaions of kidney

tumours had actually been treated with androgena before
_T the effectiveness of this mathod of treatment was re¢ognised. )
'Even though spontanboua cases - ara 1nfrequant. they may be

,conaidered as 1myortant evidence for host xasistance.

fiq) REGRESSION oF cao&xocancxnoma :

_ This is an unusual maliqnancy, since 1t repreaents
a peculiar hamograft of fetal tiasue. ) In being so, it

o ahould be strongly antigenic an& presents an 1daa1 opportunity

"Jto‘study the hoat effect on the malignant tumour.

‘ Hartz, Lewis, and Lipsett, (1961) xeported
“ A)that chamotherapy alone wasg able to cure almost 50% of
'the patients with choriocarcinama. Aa in Burkitt's lymphoua
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‘1€'w0uid~saam}that the effect of ohemotherapy'has'bean‘

~1>V8upplamented by the host's own immune response, especially

( :;baoauae a skin graft £rom the father was 1njeated at the

aame time.,. Bagshawe (1963), has made s&milar abaervations

S after the traatment of carcinoma using chemotherapy and

"radictherapy.
SUMMAR!

Fram tka known mechaniams af 1mmnn1ty, it can be seen
vfthat tumour cells could be directly killed by complement

*:fzfixing antibodies of the Igﬂ class. On the whole complemsﬁt

 _“fixing antibodiea of the IgG1 and IgG3 classes seem to. be
©.. moBt effective by promoting phagocytosis. . Sensitiaed |
ilymphocytea axa also capable in ‘some unknawn way of directly

*L‘killing tumoux calla and again certain 1ymphocytea may

l potentiate this procass an& 1ndeed pxomote phagocytoaia.:;

; Snch immune reactiona requira effectiva rocognition

“; of antigenic diﬁferencaa batwaan the tumour and the noxmal

7ﬂ &t1ssue of tha host. Thase differencau can readixy be

f'recognisad by another animal but in the host they are

aithex ineffnctively racaguised or ovarcome by sone -
mechan&sm such ‘as high dose tolerance.~" |

. From a xeview of tha 11tarature it can be seen that
',occasionally patisnts make an effective recognition of their

’ tumour calls and it aeems to be spacially the case. when a ”’\



lerce mass of tumour has been ra:mve& or when the putiwt'a
impane repponsss have bﬂm 9&:&%&&13&' or incidentally
was.umz. ~ |

i
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CHAPTER 3
TUMOUR IMMUNOTHERAPY

After considering the aims and results of existing
\cancer therapy, mechaniums for the prasumsd failure of normal
immunological surveillanca are raviewad. Tha currently ‘
developing forms of tumour 1mmnnotharapy are then discussed

because of the guidance they afford to the present thesis.

3.1, AIM OF CANCER THERAPY -

The aim of thg’cahcer?fheréﬁi#ﬁ is to sto;»the‘
tumour growing, and if possible to eliﬁ#nate it without
causing excessive damage to tﬁe normai'tissué.‘ Overall
_enly about one third of cancer patients survive more than
5 years. A study of the :éasons for failure of the
~ available methods to cuze the 1ncu:ab1e two thixda of cancer
~ patients might ‘give some guidance as to what might be more
| successful method. Broadmy, tha availabls mmthods of

treatment ares

(1) Surgery =~ altﬁougﬁ aurgery“acconnés for the management
of 50% of the’cance: patients. it can only‘aohieve |
a reasonable éuccassiwhan the tumour is ;ocalized,
and vhen its complété'temoval 15 posaibla, If the
tumour has matastasized into anothar paxt of the
body, then the ramaval of the primaxy tumour will

usually not solve the problam, the metastases

continue to grow and 1t is only a matter of time to



f»,to the 1nevitab1e outcame.

(14)

Radiation therapy - radiation therapy is preferred 1n

“H‘most cases where surgery fails.' Tha ptoblem oﬁ radio~"

therapy 1s like that of surgary 1n that it is best
applied to localizad rather ‘than systemic cancer.

After a surgical excision, radiotherapy may - ba useful >
to treat tha bed or the regional nodes of tha tumour

in an effort to destroy metastases. - The destructtve

effect of radiation 13 however not only confined to

',cancar tissues, normal tissuas are vulnerable as well._

Tumours most often are sited deaply in the hody, and ‘

the radiation dose received by the skin and the other . :

' suparficial organs may be more than that recaived by

: the‘tumour. This aifficulty is overceme to a,certain :

extent with fhe’debélopment'of high ehergy machines

" dn cambination with the rotation therapy vhereby the .~

| maximum aose may be given tc the deeper cancer.'

Anoxia of the tumours rendera them leas succeptible “ui

to 1:radiation (Deschnar and Gray, 1959). ﬁ This can

. be ovelcome to some extent by keeping the patient 1n

‘  a hyparbatic oxygen tank, during treatment, 4in an

attempt to raisa the oxygen level of tha tumour to tha
maximum enhancement ratio. ‘ ' .
Cell kinetics studies hava revealed that some f- _C

tumours are more slowly grcwing and thereby leas

'vulnerable to the,effects of\radiation'etu., than are



- normal tissues.

- (141) Chemotharap§‘- In general few"curas' of cancer

have as‘yet been achieved by qhemotherapj with the
.available agents.»VIn spite of that, they have

/ prcduced anough prdmiaing results to Justify the {A
cantinuing research for other more efficient agents.
The reason for the present failure is that these
agents are cytctoxic to the normal tissues as.well’
as to the cancer tissue. The goal of the chemo¥

' therapjst is to aliminate the last surviving cancer
cell without :educing to a ﬁangeraua or lathal 1eve1

the other necessary cell populations in the patient.

Available irradiation and chemotherapy can'#educq'ﬁhe
number of tumour cells down totl—— of its original number,
: Many tumour cella are thereby left, for the patiant often
fpraaenta with J.(:W---J,f:ﬁ3 tumour calls (nas Pe109 e To
: eliminate thenm all wonld raquire a logarithmic 1narease in
dosage, which ia 1mpossible in praatice, as this would kill}:

. the pntient.

The-body’? imﬁuns méchanisms,.especially the callulai‘
ones, have the ablliﬁy to hunt=-down everything,thatbdanvhé
'zecaniaed as foreign and for practical purposes could

eliminate all cells so recognised,. However where‘a laigp'

cell mass has griseh because of some blindness to its foreign
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' nature, eVGn ahould an 1mnune recognition be brought about, '

- the aheer maaa of antigan could overwhalm or dalete such

 an 1mmnné ranction = thisg is the phnnomenon of high dose i
‘tolernnce (Mitchismn, 1964) . ‘ o ‘ ’

A lagical trend becoming Apparent today is to use’
"conventional methods of caneer treatmant (Surgery, radio~
therapy, chamotherapy) to pxoduce an initial reauction in
‘the total mass of tumcur (e.g. to 1/1000th, of its original I
‘size, and than to try and encoﬁrage an 1mmuna reaction
against tha tumour now at a level whera high dose tolerance
may nat be a prcblem. '

3 2. mmm Lmamnoexcm UURVEILLANCE :

: 83 soon as it becama evident that tumours 1n&uced by
‘ ahamica1 earcinngens or viruaes contain specific antigens
f‘capable of stimulating hast rejection responsea, it bacame

- 11kely that many antigenic and potentially neoplastic cells . 
‘ are continucusly foxmed 1n the body an& eliminated by |
fﬁlmmunological mechanisms bafnre thay give tiee to a tumour.

rThis heing S0, why diﬂ antigenic tumouxs still aomatime

develcp>' ‘ | |
~- It is aatimated that about half billion calls 1n the f
‘human body must be replaced daily. hia entailg such an . -

anormoua nunber of mitotic aivi ions (leo ) that it 13

"ﬁ.unlikely all are ccmplataa perfactiy. : at a conservative

‘estimate mutationa Probably occur once 4n each 500 thousand



" resulting in about one million abnormal cells daily. '
Although7most of the abnormal cells formed in ordinary

davelopment are 80 severely anamalous that thny cannot

. survive, other do survive in a replicable form.‘ It 13

essential that these be recognized by the body as foreign
- and be destxoyed, otherwisa all of us would davalop cancer

aarly 1n 11£e.

Burnet (1964) has postulated that the physiological
function of tha hamograft reaction is this elimination of
spontanaously ariaing neoplastic cells and other types of
unwanted clones that reprasent potential thraats against ,‘
the organism. Immunological auxveillance tharefore '
exists without any doubt, and the existence of antigenic
'tumouxs therefora impliea that in such casea the neoplaatic
cells have eacapea tha 1mmunological survaillance mechanism
" dn one way or anothar." Thxee known mechanisms exist‘(a)

1mmunoi§gicél tplerancé (b) immune pardlysis (c) a#hancement.

'3.2.(a) IMAUNOLOGICAL wommcz

A waak immunogen e.g. £xum‘a tumour cell, can 1nduce
tclarance 1f presentad below a threshold Gose which would
evoke an 1mmunological reaction of the host (Mitchiaon,i:'

7'1964). This could be the case early on in the development '
| of tumours criginating f:qm a single.cgll, or a few cells,,,, :

but aventually atthieahcld lavel o:7immunogen should be



‘reache& uhléss the‘pbtentiallyAreaponsivé imﬁuné cells are
¢elim1nataa.{ Tolerance could be. obtained to an 1mmnnogen'
. when. the host 13 expcsad to 1t 4in foetal or neonatal lifa.

Experimentally, avidence for- thia is provided by tumours -
'arising in mice as a result of neoplastic transfarmation by

,oncogenic viruses. Tumouxs are produced when mice become
l.infected in utero or socn after birth at a time when the

:capaeity of immnna response is still 1mmatute.‘ ‘With certain |
uf except1ons (e.g. Rous sarcuma virus of rodents and fowla)
‘_inoculation of the virus 1nto ‘adult animals does not result

-in tha formation of tumours, for 1mmunity is elicited againat

the virus. and when formed soon 1nduces regression of any
ﬁ‘tumours that might arise (Klein and Kle&n, 1964). o

Lnfection with cnaagenic viruses might be transmitted |

fram tha mother during 1ntra uterine life ‘or Via the milk .

afte: birth. . Natural 1nfection could occur shortly after

':’birth, and the subaaquent grcwth of any tumcur 1nduced by such

,virus could result from 1mmunological tolarance to the virus
e an& the surface antigann evoka by such virus., This is only

:‘true fot certain types of virus, mainly those which infect ’

41ymphocytes. / Other types of virus auch as mouee polyoma virus‘

_which evoke antibody proauction 1n the mother might be

' ~‘tranamitted to the foatus along with a sufficient amount of

~matarnal antibo&y to suppresa the virus. Such newborn mice ’
o can lose this protective action by the normal metaboliam of .

the ¢aterna1 antihody”qr by further 1nocu1ation,of~virus a:ter



birth. and tumour can xesult.- stmilar arguments could
Jhe used for other. oncogenic agents hefore or close to

o _hirthu

. 3. 2 (b) IMMUNE PARALYSIS'

‘Malignant cells can also escape £rom immunologlcal

- aurVQillance when tha host is sutferring from immune paresis;

?]and 1ndeed patients with 1nborn 1mmune parenes do develop
: ‘n highex incidence of many cancexs ‘than the normal poPulation.'
B General immune paresin can also be evakad by the same agents
;which are caxcinogenic.Av The &ruga used to induce immuno-
| suppreasion or to treat cancer mainly act by deranging DNA
| .in the cell- attenpting to divi&e. ‘ Sueh drugs are themsalvas
‘carcincgenic, and should a replicable necplastic mutation
:_be inﬂucea it aan get away to a very ‘good start because
of the 1nfluence of the drug on the host's 1mmune surveillanca.:
. Severe immnna parasis also naturally occur late in the
course of many cancers, eayecially those of the raticulo-
- endothalial aystem (aobhs, 1968; Lowler, Pantycross and

V,Raeves, 1963). ‘ The three .above 1mmuna paresea, 1nborn,

. therapeutic- or secondary, do not howevar account for the

,majority of cancer, and ganeral 1mmune paresis is cerxtainly

not cammon early 1n the course of moat human cancers.

What howaver doas aaem prcbable is that apecific
'1mmune paralyais occurs, .e. 1n some .way tha host's responae

to the’ tumour 1mmunogans 13 1mpaired. ) Experimentally,



Alexander, Banstad, Delorme, Hall and Hodqett (1969) induced
- 3:4 benzpyrene sarcoma in rats. The rata:saamed ixmuno-~

logically competent and histology of the lymph nodes regional
to the sarcom;‘showed a vigorous immune reaction., However

after a short initial burst, no further competent 1hmune
cells (immuncblasts) could be detected in thg’efiarent'lymph.
Following surgical extirpation of the sarcoma there was

a marked release of immunoblasts. It seemed that once

"~ the tumour ha& reached a given size, its antigena could

act in excess in the ‘regional nodes and in some way restrain
the immunoblasts to those nodes.  In man, a corol;a:y to
this picture is seen in melﬁnama, With-eaxly-lodalised"
melanoma, aﬁtibo&y and caﬁpetent cells are detectable but.
‘later in the dieease these can no longer be detectsd 4
 peripherally. . This is prasumably due to local spacific )
immune paralysis for surgical removal can again reveal the
vimmune‘rééétion; prqvidaa the regional nodes are not renoved

at the samsltime.

3.2. (0) 'ENHANCEMENT

1t was obaarvad that animals which had bcen 1mmunized
with dead allogeneic tumour ‘cells later accepted transplants
of viable tumonx/cells‘of the same origin, at_legst for a ‘,. A
while. . Similarly when serum was taken £rom ﬁice'immuniidd.‘
| against killed tumour tissue and administered to normal ‘
isogeneic mice at thae same time as a transplant viable

tumour, the xecipiants accepted the tumour as readily as

did tha original miae ‘actively immunized againat the &ead tumour
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| tissue.{ In other wads,'serum'antibodies Ean enhaﬁce |
the groﬁth of ‘the allogenaic tumour (Irvine, Euataca and
?ahey, 1967). Thin is ‘not true for all tumours, for some
| .g. leukaamias, the presence of aneibody ia cytotoxic.
o the tumour cells both in vitro and in vivo (Gorer and
~ amos, 1956). o | .
B Why name antibodieu are enhancing to some types of

o tumours 13 explained on the basis of maaking the antigenic

: sites on the tumour surface.‘ Preaumably certain antibodies

~can combine harmlessly to such sitas and protect them £rom
"being recognisa& ‘as tcreign by campetent 1mmunob1asts or
‘\fharmful antihodies. ‘Direct evidence for this been found

.in a mouae system whare pretteatment of mouae tumours with
Vjsuah antiboéias‘prevanted thair dastruction by sensitized
Iymphocytas in vivo and - in vitzo. Further, 1t has been found
'\that tumour cells which wexe able to grow in the allogeneic :
g:‘host after treatment with pxotective antibody wate ahle to o

: be transplanted successfuliy to naxmal mice of the same

"'atrain without ‘further treatment. This wan due to tha

ﬁdiminisha& capacity of the tumour cells to evoka cell mediated
1mmun1ty againat thamselvas. Charney (1968) 1n an in vitro ;
vk’study of virus 1nduced rat saraama, has shown that tha tumour
~ﬂcells are capable of elicltlng antibodies directed against |

antigens withln tha tumour celis themselvas. Prasumably thesa '

',~ antibodies were enhancing and prutectod the tumour against

‘other hoat defance mechaninms.
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iyu R.C. leunaenia trials in this country. Guyerlanu ‘N-.‘1t 53]:%
Crowther (1969) showed that B.Pertussis vaccine was not as’
"“effective as BCG in obtaining remissiona. Later Mathe,
 Poui11art and Lapayraque (1969:), using exparimantal animala )

| showed that a cambination of BCG and 1xxadiated leukaemia

6011. gave a better response than eithor 91Van ueparately.
iSjorgen and Ankurst (1969) showed that it is poasible to

E protect hamgters from transplanted tumoutl by non—spacific

o stimulationfof the immune rqsponsivenoss durinq gha{latgnt

: _paribd.. Agkin applying the*non?épébific principle, chémicals g .
which produa& contact dermntitis (delaycd hypo hyparsensitivity)
‘ have been used 1n tho £onm of topical cream to control primary -
'apidetmal naoplasms. Williama and Klein (1970) found two

":agents, 2,3,5 triethylane 1m1no~bansoquinone (TEIB) and

ﬁ dinitroohlorobon:enc (DMCB), good for this purpose, because
they produced more intense 1mmune raactiona 1n ‘epidermal .

'nQOplasms than 1n nommal skin.‘ The xeaction ahowcd stages
of ‘exythema, edoma, veniculation, erosion, axudation, necrosis |
and final aisappearanca of the tunour in 954 oz mnltiple supnr~]”'
1ff1c1a1 basal cell caroinama tastad tor ob-nrvation periodn . o

- of up to 5 years.‘f Healing occurzed with negligible or no Jlf .
'fdafect. L L _ | ‘;(

- On the npacific nide, Ikoaopisov, Lewia, Hnnter~Cra1g,. '

‘ ,Bodenham, Philipn, 60011ng, anctor, Hamilton-?airley and

Alaxandet(1970), have used uutologous ato:ed malanama to boost o

- or reactivuta the patiant B 1mmune reaction, and has

spccaeded in hring;ng about a ragppearanco
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of circulating cytotoxic antibodies. . Attemps are also - -

‘being made to render tumours moge’immnnoqenic.‘ Cunningham,
MOléon,'Laffin,-nortoh and Sullifan’(1969>,7a1a not get any
benafit fram treating patients (whose own immune raaponse
was noxmal), by 1mmun1:ing them with theit autologaun tumour

I»coupled to rabbit gammaglobulin.

3.4. PASSIVE IMHUNOTBERAPY'

~ The use in patiehts of (Q} competent ceilu or (b)
antihodias is complicated by the ability of the patient to

' reject auch donor cells’ or even ‘some alloantibodies.

(a) THE USE OF snusxwszn LYMPKOID CELLS

- The cytotoxic effect of sensitized lymphocytes is of
pdrticular 1nterest in tumour 1mmunothurapy. Their effect

on tatgat cells 1n vitro is’ demonstxated whan tumour cells
‘are mixed,with specifically aensitized lymphocytas and then
'£a11 to grow. whan 1njected into the ayngeneie hoat(xlein and '
iVSjngran, 1960) ; unaannitized lymphoeytea have no eftect, and

" the tumour grows normally. In vivo, the effeot(on tumaurs)
-of foreign 1mmunologica11y competent cella will depend on-
;(1) the antigenic constitution of tha tumour bearinq host (:iﬁr'
| iand'thc cell donor (a closely related donor 8 celll would

'survtve longor). (ii) the recognition of differences between '

“.1the tumou: and its paront nozmal tissues(a closely relatod

"donc: might barely see any) . (111) the percentage of the

,ldonor cells specifioally cammitted against the tumour and



‘vgthe nunber of them géining access to the tumour. (iv)»
ﬂ;finally thera is a risk that donor. cells might gain the

 upper hand and attack the normal tissue of a patient

 ;‘whose own 1mmun1ty was weak. ,'

Wooaroff an& Symes (1962) were abla to get comp;ete

“_-ragraasion of mammary carcinoma in A-strain mice, by

o subjacting then to a sublethal dose of irradiation, and

. infusing them with allogeneic 1ymphoid cells . * They could

' nbt hbwevé: prolong the aurvivai of thease aﬁimals as those:
"Qho di& not die'fro@ #he{tumdﬁr.fdiad}fram éraft‘vefsgs
‘:‘host diaease. | |

In vivo, the growth of a chemically 1nduced fibro—

) saxcoma in tha rat, could be: retarded by the intravenous

' injectian of a large number af campetent thoracic duct
lymphocytes. Theae were obtained fram ‘rats of the aame' J
‘L;strain prnviously 1mmnnized with the same tumour. however,f~.pi

no complete cure was achievea (Delorme and Alexander, 1964).,

After a number of expariments (Alexander, Delo:me
A“and Hall, 1966), showed that the cytotoxic action in vivo

was different £rom that 1n vitro. It could be carrieﬁ 8

' fout indirectly by a subcellular fraction £rom the sensitize&

o lymphocytes. This fraction was similar to the transfer

factor of Lawrenge (1969) an& wasg most probably messengar RRA,’~

o capable'of being adapted by the 1ymphocytes.of the host.



In man, Nadler and Moorxe . (19653 took patients with
incurable malignant diseases divided them into pairs and
coross immunized them with one another 8 tumour cells.

- After 10-14 days they qollacted the xeépeetivn white blood
| cells crbsa;transfuging them between fhé paired patients,.
By this procedure they were able to benefit 7 out of 26

_patients, two of whom had remissions over 2 years.

symes, Riddel, Immelman and Terblanche (1968,, used
3¢mphocytes derived frnu'apeclfically'1mmunized pigs td
treat four patients with a&vaneed malignanh diseases, with
unsatiachta:y results. | Newton and Donaldaon (1969) alao .
failed in treating two’éattenta,with,lymphacyta transfusions.
Denton and Symes (1969)'atua£ed lymphooytes from different
donors immunized with:mousa'Lymphomé and were not able to

detect a significant cytotoxic ef!aét'hy‘xhese iymphoqytas.

Spleen cells ddrived from immunized animals were shown

. to be as effective as 1ymphocy€az‘1£ §£van in high désda‘tc ,
tumour beaxing animals. Aleﬁander;'Cthel and Mikulska
’(1966), arad&atad tumour by giving a dose at 200 allogeneic
spieen ealla par tumour cell, when the numher of tumour

cella was n@t more then 10‘~105 cells. SImilarly‘Glynn, "
Halpern and Fifir (1969), used spleen cgils in conjunction

with cytdfoxan to treat lymphoma in BALB/C mice.
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b) = THE usE OF ANTIBODIES

Specitic tumour antibodies are usually elicitable against
virally 1ndu@ed laukaamias, but 1esa oftan against chemically l
or physically induced sarcomas or carcinamas.  In vitro such
antibodieé-can.be‘cytotoxi¢ td’tha‘tuﬁoﬁr‘calls’(Klein and
‘Klein, 1964). In vivo, antibodies éan be enhanciﬁg to the
‘ tumour'éréﬁthurathex ihan.béingcytotoxig; Bubenik and Turano
 /(1968). | . |

A Gorer and Amos (1956) raised antisara against trans-
piantable{leukagmia in an‘allogeneic host., They found that
| thg.éurifiea“spacific,antibody could p:étéct the animal
égaihst éubsequent challenée with the tﬁmcur But'ité ,'
therapeutic value was limited. on thelotheryhand, immune
;‘sara 1njecte& 1nto syngeneic animals where shown to have

enhancement aativity (Hellstrqm and Mollex 1965), located xq'
the 7a‘yé—globu11n component (Irvin, et al 1967). This |
. component was shown to encourage the grcwth of the tumour

in all allogeneic hostswhan injected after transplantation

1‘.of the tumour. ' In that the non~comp1emant fixing immuno-

”‘;,globulins IgA, igD, 1gG,, Ig6, ara 73 and have fast electro~

phoxetic~mob111ty (. 2) it maijell be that enhancing bodies
belong to these classes, - In contrast 7s IgGg, 1964 and 198
\ iIng have slqwerf electrophoretic mobilities ( 3, 4) and are

known to be capablé of fixing complement and killing cells.



3.5.  IMMUNOCHEMOTHERAPY .

" As ﬁlready“sfﬁte&;"immunothefaﬁy has only been

:succeasfully nnea against small tumouxs,\or small numbera

of tumour cells. . Often this could only be achieved following

‘treatment by convantional mathods.~ However, chemotherapy

4s the initial treatment of choice in mahy-kind of naoplasia{
'péréicularxy'with 1éuk§émih‘éi sarcoma. __MoSt‘of"the‘“
chemotherapeutic agents havelimiuncsnpprassiye activity
aé*well., ?hafrééults of the tradtmént the£efgre dépen&
“upon ﬁhathe: there is synergiém between the drugs and the
{,immﬁnological kesponses offﬁha hdst;‘

Minich (1969) treated sarcamarlao in Swisa mice
‘.using 6“MP and found that the results depanded upon altering
the balanca batWeen immunologic enhancement and immunologic
nrejection of tha tumour graft. o Thymectomisaa animala had

a lower incidence of camplaxedragrassion of the tumours

than did sham operatad animals, inferring that callular (
«immnnity was an important asset to rejaction.A Splanectomiseé
animals showad a higher incidence of - camplete ragression
£han sham operated animala. »uyparimmune sera decxeasgd‘-

" the percentage of complete reg:assions;vwhile no effect was
observea using normal sarum. The presencé‘of the sPieen

or a strang humcral response seemed to’ protect the tumour.
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It is therefore important to assess whather the body's';
, _1mmunologica1 xeaction is cytotoxic or enhancing o the
‘:growth of the tumour. A qytotoxic :aactian inhibited by
=.chemotherapy could facilitate tumour growth On the otherx

\‘fhand an enhancing reacticn inhibited by chemotherapy could

1mpa1r tumour growth.

Recently Currie an& Bagshawe (1970) used a combination’
i;of cyclophosphamide anﬂ non“spacific immunotherapy (coryne-~
‘J’bacterium paxvum) against a chamically induced 1sogneic
31 tumour. They statad that the tima 1ntetval between the

/aﬂministration of chemotherapy and the active immunization
is quite critical,,finding that 12 aays was the optinum
. time for the inductian of ammunotherapy following qyclo~ .
'prhcsphanidc treatment. '

. 3.6, CONCLUEION -

Except for»qoﬁ§eniéntly'lbbaiised'primaxytumoprs-«
-cdnventional treatmenéé-are uhable'to elimiﬁatefcancar.
At best they can effect a reduction to about 1/1000th cf ":(
- the original size, but in terms of. call numbers {10 ~10 ) | ﬂj,

at clinical prasentation 103

is but ‘the top of the tumour L
- 1ceberg. Thus . such methods are unlikely to effect a o ‘
B _cure: unless some further process .(such as an 1mmune xejection)

" can eliminate the :esidual tumour cells. Because of high

‘ivdoge tolerance it wquld:still be very important to apply

fimmune rejection when the major mass of the tumour had been
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reduced by conventional methods.

, Th:dughout‘mo;t previous attempts thére,hés:been a

' sad 1aék of:qﬁaﬁtitation. ' Féw workers knew hcﬁ much
:xesidual tumour ﬁheii'paﬁiénts still_hqd, f§wAﬁéasured_

‘ﬁhe competéncé of any white cells gf‘antihodies‘they used -

in treatment, nor were the latter.studied-for‘éize}'class

or abiiity té fix compléméht." Becdﬁse"é##sively’transferredp

.immupitykisAitself likely to be soon rejectaé‘by‘the -

- recipient; itiié imperative to medsurei;ts mode of action

and estimate the first (and possiblyrthe only) dose 0.

. that it may be given at an effectivg level.



CHAPTER 4

PLASMACYTUMA

Plasmacytoma raprasehﬁs autondmous nééplasias arising'
from those cell populations which are normally responsible
for the synthesis of the circulating 1mmunoglobu11ns.

Thanks to’Potter many transplangable plnsma cell
necplasms have been developedvin mice. - Each neoplasm is
assoclated with a differsnt but characteristic globulin in

high concentration in the serum or urine. (Potter and

Fahey, 1960). These neOplasms grow pragressively in normal
mice. Most are transplanted #é écft«ﬁissue tumours but
some give rise to the other characteriztic ‘changes associated
 with multiple myeloma in man. = The study cf these moqae
tﬁmours is relevant to)the pathogéhasié and natural history
of plasmacytama in man, and also provides a unique oPportunlty
to assess the effect of different antitumour agents or other
- forms of treatment. o

The neoplastic proliferationvéﬁ #he_cells which produce
immunoglobulins, results in'the'elabérﬁtion of large guantities
of'préteina vwhich are related.tbAgheir‘ndrmalkimmupoglcbulin
counterpaxts by phyaicOuchamical and4immnnochemical'propeftiea,
but'ﬁoét’are apparently’devoid,of_any‘antiﬁody specificity.

‘4.a) THE NORMAL IMHMUNOGLOBULINS

The antibody activiﬁy of normal serum is associated



" with thejimmundglobulins Thsy comprise an extremely

E heterogeneous group of protains, which are classified
kaccording to the antiqenic differences. In man five
ﬂmajor claasea occur (G A,M,D, ‘and E), in oxder of their

’Y, normal canaantratian 1n the blocod. Thqy all consist of
aimilar basic four chain units consisting of two heavy
(mo.wt. 50.000—70.000) and two light (mol wt. 20.000)

‘polypeptide chains, linked by 1ntarcha1n disulphide bonds
(aee fig.a).‘ o '

@y, . ro
‘ .. F-mab = _ o :
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- H-chain~------ NHE
o 4 o .
"N Terminal '?3? I Terminal .
| | 518 ’
 Hechain==mwm=em——— |;|~

Lwchain %3;

variable  Invariable
Portion Portion

(Fig- 3. Y . ’
‘Buman 7s IgG1 111ustrat1ng the 5tructura1 basie of
immunoglobulins.v



This structure was £irst proposed by Porter (1962) for ) le
rabbit immunoglobulins and later was shown to apply to

all vértebrates having recognizable antibody activity.

The five major classes of immunoglobulins have distinct
antigenic, physicé-chemical and biological properties which
are due to the differences in their heavy chain structure,

( y’a w § and € ). . The two types of light chains
(k ¢ A ) are present in a proportion close to 2K:1L in

the different immunoglobulin classes except for D which
shows a 1K:Q£Eratio. Each class of immunoglobulins may
contain several subclasses of chains which are not allelic
products since they occur in all 1nd1viauﬁls. Moreover,

it has been revealed that light chains and heavy chains have
C~-terminals sections with saquénces defined by isotypic

and allotypic spefiificities alone. On the whole the N-
terminal ends of both heavy and light chains appear to be
specific for the clone of origin. This podition of these
chains is therefore called the variable region (see f£ig. 3).
Only once.to datq (Wang, Wilson, Hopper,v?ndenberg and
Nisonoff, 1970), have two variable regions proved to be of
identical structure. In that instance the two chains (G#& M)
are beliwed to be derived from a single parent clone. In the
‘mouse, the three major classes G, A and M have been clearly
identified, and subclasses of G( Y1 & Y2 ) are also well
recognised (Fahey, Wunderlich and Mishell (1964).



4.5) maomcz.omcomm X I I 6[2,‘

L Acaordinq to the clonal -clcctton theaxy ot Bu:not,

,ltnqlo antig«n could stimilate tha ptoli!oration of a single |

clone of<cells to produas anttba&y. The pxotuiu moloculos |

' preduced should all have the same ntruotuxn and on eloct:o—'

 "'phg:ot1c ueparation thcy shoulé run as a aolitary narrow

band. In praceice this 1s cbucrvmd 1n rarc 1nutancat, uhen
a llnqla haptou has hnnn used as antigen, enabling the
1oolatton and puri!tcatlon of ltu aatibody(singur 196%) . Hore

‘ *fnsnally such pnra haptann avnku aevnral ovarlappinq anti-~
' , bodlna and avun more appclr with timn, in othor words one
‘ untigen can evoks a. apoct:un of antibodien. mhis nituation
is nore evid-nt vith pure protuin antigona becaule they hnva
3'mora than ono antiganic site in the one molonnle, and cvtn
:,‘noza evi&cnt followlng thc challungn o! antocting organism
;‘contnining many protatns which can therntore uvnke many more
'anttbo&iot. Thua natnral chullengou reuult in difzumapoly~ :
olonal increase of 1mnunoglobu11ns whieh on oleetraphc:etic
:naparation with mobilities which sttotuh zm 2ady, (riqg.4.)

THE CONCEPT OF MONOCLONAL AND POLYCLONAL GAMMOPATHIES




Tnus when in practice a homogeneOus sPike of protein
is founo by eleotrophoreais, and shown to be due to immuno-
globulin or part thereof, it is believed to represent the ‘

and is called a paraprotein
product of a monoclone of plaamacytomaA This hypothesis

owes much to the work of Walﬂenstram-(lQSS) and in 1968, .

,Maxchalonis an& Nossal proved that the 1mmunoglobulin

,Aproduced from a single cell was indeea homoganaous. There-

fore there can ba no reasonable doubt that myeloma prateins~
represents the result of a single mutant plasma caell. _Its
descendants continue to pro&uce the same immunoglobulin
' as the ancestral cell.. In man, it was calculatea by Hobbs
:(1969), thah on average it takas 33 yeara for a single»

mutant cell to form a clone of eella that would cause a |
'patient to present with clinical symptoma of myelomatosis.

~If the properties of a large number of unaelected myeloma
vproteins from different in&ividuals are averagoﬁ out, they

,ara founa to correspond very closely to the properties of 3
5 tha total serum immunoglobulins 1n any one normal individual.’
MAFurtharmore, the frequsncy with which myelomas producing a: |

A given kiné of immunoglobulin arise 1n a large population of
,people reflects the average abundance of each kind of immuno—" :
globulin 1n the sexrum of normal people drawn £xom the same , 
| population (Hobbs 1968) It 13 as 1f any type of proliferating
| plasma oell was subject to the‘equal,possioi;itg,of_mutation, .
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, In some 2% of myelcmatosis more than one paraprotain
. can be claarly 1dantified (different heavy and/or light
\chains) 80 that presumably more than one clone of cells
ocgurs.‘ Such clones - may be related to one another by
a cemmon‘paxanthoodt(Wang et'al. 1970) and can be called
a "tiibe'of clones”. Othexs may be unxelared and can be
N called a "mosaic of clones". | | '

' 'f Not all the moncclones will cause symptums in the
hoat, indeed it may be that the majority are benign and do
not result in maliqnant 1nvasiva neoplaaia 1n the natutal
poyulation for the latter WIB only datectad in 1 of 52
fol;cwqd,for 2&,yaars. Lﬁgelson and Hallén, 1968)f‘ In
;honﬁitéi pOpuiationa with. 1dnger follow-up mora like 75%
of patients with mnnoclonal proﬁeins prove eo hava malignant
neoplaaia (Hobhs, 19693% |
4.c. TBE GONCEPT OF BIOGHEMICAL DEDIFFERENTIATION

, ~ Askonas and Williamaen 1967 using a stable mouse

;'plasmacytoma line showed that 1n tha process of 1mmuno—
'globulin synthasis the 1ight chains were £oxmed on one

| 8183 of polyribosome and the heavy ahatns on a larger |

ynlytiboucme. Free light chains could he released within

‘ the an&oplaamic raticulum of the plasma cell. In normal

aatibody~£orming cells and’ well differentiated plasmacytoma

calla radiolaballed aynthasis was 80 well ‘balanced that less
than 1% of the radioactivity escaped £from the cell as free

";iqht chains, and whole immunoglobulin only was released.



§ | | | 65
| A,prominant'féaﬁuxe of piasmacytoﬁata and allied
disnasel with malignant dedifferentiation 1- imbalance
" dn 1mmunoglobulin synthesis, detectablo in some 80% Of
'? Patients. ‘Ag a result of such biochemical dqdifferentiatién,‘
>ﬂ1nataad bﬁﬁ(l)'whble monoclonel 1mmuho§iobui£n;£ragmehts'
occur such as: (2) ‘expeiiilight chaiﬁa[ (3) 1ight chains
iny (4) henvy chains only ' (5) .h§i£-maladulesi (6)
iihcamplete molecules (7) 7s IgM and finally‘"(e) no
, pataprotein at all. | |

l,(2)’ Excesa moncclonal 1ight chains are usually excxeted ‘
th:ough tha kidney as manumars {mol. wt. 22 ,000) - or dimers
(mml.wt. i& 000) and hava bean known as Bence Jones proteina
| aince 1848. In a suzvey of 402 patients in wham Bence o

“Jonaa protainu:ia was detected, malignant neoplasia of plasma'

B cell linea was confirmed on biopsy or at posit-mortem 1n

400 within 3 yaaxs (Hobbs, 1969a». In contrast no Bence :»‘
‘Jonas proﬁeinuria was found in patientn' with benign mono-
)iclonal immunoglobultns - This led to tha concept that |
'Lbiachamical dediffezantiation (1mbalancod immnnoglobulin
‘syathasis) wan pazallaled hy maliqnant dedifterentiation
,(invasive neiplasla). A

- (3) Light chain: only are found 1n same 20% of myolamatosia
(Oaaexman and Takatsuki 1963; Williamu, Brunninq and -
Wollhaim 1966; Hobbs 1966), and in such patients fluoresaent



étudigs of the malignant plasma cells oniy raveél’lighﬁ :

v cha;ns;’ There has been a complete loss of heavy chain .
 synthea1a; ~ The tumours of theneypatients presént earlier
grojlfaster, have more complications and carry a worse

- prognosis than with (1) (Hobbs, 1969} .

| (4) Beavy chaina only. Franklin (1964) first recorded |
patiants in whom no light chain synthesis could be detected.

‘ Thetr neoplastic plasma cells only produced a dlmar part

" of the heavy chain (mol.wt. 80-120,000). - Both C and N
texminal sequences of the heavy chain were detected 1ndicating.
that it was the product of heavy chain gene with deletion
qf‘thaﬁmid pextion. In the first 8 patients ;hia heavy
éhaih was of the y-class and associated with m#iignant

soft-tissue piasmaqytcma (Ellman and Bloch, 1968). Later

-,,seligmann, Danon, liurez, Mihaeaco and ?reud'hamme (1968)

diacovared plasmacytnmata producing only heavy chain of

| the a-glass. These . tumours mainly 1nvade the wall of the

small gut of young adult patients of Arabian ancestry.
(Tanigaki, Yagi, Moore and Preasman, 1966), notad only

‘lll-chain synthasis in a fluorescent study of some lymphoma g
' linas, andAxlwchain plasmacytamata are naw'teeordea by

A‘others (Ballard, Hamiltonm, Mnrcus and Illes, 1970).
{5) Half-molecules of IgA were first recorded with mouses
" plasmacytoma (Potter and Ruff, 1964) and the full.halffl

molecule of IgG,(one'Yfehaih plus one Kychain) has been
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'.E_tonnd 1n association with malignant plasmacytoma in man ~

“'A(Hobba and Jacobs, 1969). , | | .

| (6) Other 1ncompleta molaeules of IgG with vnriabla amounta

‘ of éeletion are also xecorded (Snigurawics, Murawski, Kraj,

 l‘Joaw1ak, and Zupanska, 1968) as are half light ‘chains (mol.
:wt. 10,000) (Solomon, Killander, Grey and RKunkel, 1966).»V}

17) Normal IgM is a 193 pentamar of five 78 units, but |

this final step 1n 1mmnnoglobu11n synthesis can also be

“‘ daranged, and malignant lymphcmnta are ancountered producing ,

'only monoclonal 7a IgM (801amon and Kunkel, 1967), or a

.varlable amount of 7s togather with 193 IgM (Bush, Swadlind

' “ana Gleich, 1969)..

Vl,}B): All tho above derangemanta (2-7) of immunoglobulin - |
' ﬁffsyntheais can result in a lovar everall output of paraproteinv
‘;‘fzom a malignant plasma eell campared to a normal plasma ,:
‘vicell, so that it 15 not snprising that nventually dedifferen-’

tiation occnra to the axtent whare no 9araprota1n at a11 15

' "rcleasad. "In about 1~2% of clinically and microsccpically

‘ typical myalomatosis no free pnxapxotein can be detected.
"van nost: ot thene cases £1uorascent studies do not revaal :
A “‘any synthesis of racogninable heavy or liqht chains but 1n '

jlome casan positiva fluoxcscanca (tretalned 1mmun0globn11n)

'&f“is sean.

a11 the above fo:ms of bicahamiaal dedifzerentiation :

 [fo£Vimmunog1obu11n uynthas;s havp to date ogly_been roco:ded
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: Ntoggﬁhex with'mulignant’dgdifferantiaﬁion;' The presénco

of immnhoglobuiin’fragmahfs‘can also be associated with

reducnd overall parqprotain prodnction, 80 that estimates‘

‘of the amount of tumnur based on paraprotoin levals could

be misleading.'

4.4, mwvwcz OF Anwmomr-x.zm ACTIVITY IN MONOCLONAL
o nmvuosmaunms

. The axistonce of antibody-like activity 4in a number
- of. waldenntram macroglobulinaemia (xrit:man, Kunkel, McCarthy;

L and’ Hellors (1961) provided soms evidence for the pcasibility

‘that the myeloma pxotains themaalvus rep:esent individual

'antibodies, thu prnducts of a clone of myeloma calla that

- ~;originaﬁed !rom a noxmal antihody response in an 1ndividua1

| ‘plaama call. ~ Studies of the physaochemical structure of

moat myelama proteins and Waldenntrom.macroglobulins 1ndicate

" ‘these are clasely relata& to the normal 1mmnnoglobu11na, |
"luggesting thut most are normal synthetic products resulting
lffram a.masaive production of one globulin selacted at randam

from. the tamily of immunoglobulins. ‘Several parayroteins

‘~'have bean daacribed which xenemble authentic antibodies by .

't many orltaria. Ehe subtle variations in apeciticity occur

: only 1n the amino~term1na1 ends. of heavy and 1ight -chains’

3the variable tagions. The Waldenstram macrbglobulin : binds
"Ahuman je proteins, hut 1t readily discriminates betwaen human

: XG‘and a;;,e s except those from the most closely ralated



primatas. The binding 13 exclusivaly 1n the variablo regiona, \
- with one combining site to each molecule of Fab. 'The human |
myeloma pxotein yG—Bry htnds ce:tain nitrophenyl derivatives-
'with considerahle specificity. again confined only to the '
Fab region with one combining site per molecnle of Fab. The
»ZBALB/C mouse A myeloma protein 315 binds nitraphenyl ) B
'darivatives with a high bindinq constane and great
'_‘,specificity, again atill confinad to the Flb fragment. Theﬁe
observations ware important because 1t was known that most |
animals are capable of making antidinitrophenyl antibody of

Aexceedingly high affinity when 1mmunize&. Osserman and

- lTakatanki (1965) pointed out that the induution of plaama—§~‘

7~\¢ytoma in mice (by chronic peritoneal 1rr1tntion) tould be'
.'analogous to casas of multiple myelama 1n ‘man, possibly |
| ariaing subsaquent to’ xecurrent intlammatory disease. Theg

'aubsequent davalopmant of a plusmacytic dyscrasia could be

‘relavant to the host's previous mnunolegic historyo‘ In th“

frespect the raport of Saligmann, Danon, Basch and Bernard,\
“:(1968) is highly relevant, They described a patient who

' - had had thxee recurrent attacks of rhaumatic fevar, and

vthen developed an IgG myeloma The myelama protein

L 'exhibitad high antistxoptolyain [°3 activity, an antibody ”

" activity speoifically ralated.to rheumntic fever. 1£ SR
Vauch cases could bu repaatedly demonserated, chronic

’1*1nf1ammatory disease might be 1mplicatcd as an 1mportant faator’/

N S in 1nit1at1ng plasmacytama.z Theta i gpod evidenge that~u



. parapxoteinaeﬁi#-is conmoner 1h~areas with . é glgh ;hcidénce‘
of infection (Michaux an& Heremans, 1959). The re#sohvwhy'

| not so many speoific cases are reported maybe the very *

1ong 1atent period for the disease to become: clinically

‘ manifest.{ It may need 33 years for a single myaloma cell
to give risq to a clone which is detected clinically (Hobbs,

_i969),a“time which is sufficient to mask any correlation |
%ith'the‘previbus histdry-aththe'time thd'thevtranSférmation

started. -

‘4.e. THE EXPERIMENTAL MODELS -

Sevaral mouse plasma cell tumours which are used
'ras exparimental models were found apontaneously (Nielsen
‘and Gormsen, '1951; Potter ana Fahey,l960 ).

- Other plasma cell tumours, many of whiéh are
transplantable hawe been 1nﬁuced.,Merwin and Algire,(1959),
implanted BALB/CAn mice intraperitoneally with millipore
diffusion chambers containing C3H mammary—tumour tissue
fand subcutanaously with diethyl stilbosterol pellete.‘ Many'
éaveloPad maltiple plasma call tumoux nodules in the viscera_‘
and on the peritoneal aurface, with bloody ascitea. and- many
- of these tumoura were established by tranaplant. | '

Potter and Robertson (1960), found that BALB/C mice
,have a predeliction to develop an apparently unlimited array

of biolpgically distinctive plasma cell tumours—whenAgiven an -

51ntrape:1€onea1 injection of mineral oil or mineral oil
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adjuvants. The initial response in such mice to these
stimuli was the formation of widespread lipogranulomata.

‘ After é period of 6~24 monfhs these evo;ved into multiple
discrete plasmaéytomata and sometimes as many as five
different neoplgstig plasma cell lines could be iso}aﬁéd
from a single mouse. Each neoplasm produced antigenically
~ different proteins. Many of the lines could be continued
through several 1ﬁtraperitoneal or subcutaneocus trans- .
plantatiohs in the sane sﬁrain. ‘The large number of these
tumours now aVailable has made pqssible‘the study'of this
diseaae as a model system. Bopefully,'the‘information
thus derived can be directed towards healing clinical
myelomatoais, particularly since ‘the mouse plasma cell
tumours resemble human myelomatosis, | |

From the viawyoint of tumour immunologg it has been,
found by Paraskevaa, Lee and Israals (1970), that BALB/C .
mouse plasmacytcma cells have shown antigenic 6eletion, .
"i.e. the loss of or block of certain antigenic receptor
sites on the cell surface as compare& to notmal mouse cells.
Thése authors ihlfact suggest this loss of a potential feed~ -
back mechanism pxed&spoaes to the uncontrolled immunoglobulin.
synthesis and- austained proliferation of the plasmacytoma

line.

" 4.f. PROTEIN PRODUCTION OF MOUSE PLASMACYTOMA

' The occurrence of abnormal homogeneous éroteins in



A4;m1ce bearing plasma cell neoplasms received a. gxeat deal
 0£ attention, and many questionﬂ have’ bean presented,
"same of which are still unanswarad. Whether this myeloma
‘protein was fcrmed by the tumour cella themselves or by
 other tissues in response to the tumour was answared by _

ANathana, Fahey and Potter, (1958), who provnd the protein

was synthesizad by the tumour cells. Oaserman, Rifkind,

o Takatsuki and Lawlor, (1964), dound that the increase

72

: Hin serum level of thn abnoxmal protein was directly related

to the 1ncrease in tumour - size. However, above a 2-3gm.

- jsua of. the tumour ‘the relationship failed, and this was

ffound to be due to centril necrosia of the tumour mass.

‘-Fu:the:more a aigniﬁicant aecxeaaa 1n the amount of protein

, "production by a givan mass of tumnur was observed in the

'course of 75 txansplantations over a six year period.»-

| This diminution 1n fractional differantiation was associated

with cytologicnl changes and an 1ncraaue 1n growth rate

of‘the tumour.



SUMMARY OF INTRODUCTORY CHAPTERS

From a study of the literature 6n £umbur~grdwthi'
 \1t appeared that an ascitic form of a tumour provided

a very convenient model for experiments as tumour cell

B oounts coul& xoadily be made . It al.so became obvious

that the stability of a tranaplantable tumoux required -
v"checking at’ frequent 1ntervals. '

| *Mpuse plasmacytama‘afforded another §d§aﬁé§ex"

which might.be used to monitor tumour growth, this boing _
‘»1tha parapxotain prodnced. : Expertisb in such msasuraments

" was xeadily available in our 1abo:atory. It was however
1mportant to use a wall-differentiated tumour synthasising
its protein as cumplately and as well: balanced ‘as in the
no:mal planma ca11.< P:oduction of 1mmunoglobu11n fragments

. would in fact confuse maaautements.

In the: field of tumour 1mmunology it appeared = o
'spontaneous tumouxs wete mora raliable an& afforded a batter
'”modal of natnral cancer than did chemically or virun 1nducad -
tumours. Accordingly the ‘mouge ylanmacytume 5563 was'
'pximaxily chasen for this work, although tha chamically
 induced 11nes in. BALB/C mice were. to be - tried as theiilw
“:helpful Chester Boatty Instituta had mach axptrience with

' such lines.‘



?rom-ﬁhé'work on tuﬁour(immﬁnéthérapy it seemed

- that 1n mah‘same auccess‘had followed the introduciion'

of 1mmunotherapy at a ‘time when the mass of the [tumour
w had been reduced 1n siae by conventional treatment. .

)In myelamatosia the paraprotein affords an index of auch
-reduction and could 1nd1cata the best. tima to attampt
1mmnnotherapy, as wall as a parameter whereby it could
. be monitored.  Since the cellulax immunity of plaama~_
cytoma hosts is well maintained, the. pasaive 1ntroduction

of campatent lymphocytaa seems to offer little risk of
graft~veraun~host reaction. This doos mnan that only
‘ona doae fram a givan donor could be usod, and would need -
(“to be . affactive within tha fixst week. The nouse model o
\4vof£ez¢d a chance to see 1£ a single effectivn dosa could

_be used auccessfully.v‘ Fram the literatnra 1t bacame 4
| imperative to try and measuze both the humoral and cellular
camponents*of any immune zesponse and also to asaeas othar
factors such as class and size of antibody and ability to )
£ix cumplement. or potantial anhancament, or &amaging cross-‘b'

reactions againnt the host's normal tissues.'u



CHAPTER 5

MATERIALS AHD“METHODS'

5.&. HONITORING TUMOUR GROWTH USING CELL COUNTS

Tumour: The tumour MP 5563, a plaamacytcma in ascitic form

' was used 1n all the experimsnts and waa kindly supplied
by Dr. B.A. Askonas, of the National Inatitute for. Medical
Reeearch, Mill Hill. Thia tumoux originally arose

;“spontaneously 1n,the 1leocecai lymph ndde of an ovariec-:

-~ tomised 22 months old female csa/nc mouse. It was |
first noticed by Dx. Ira Pilgzim at the National Cancer
Instltute, Bntheada, maryland, and was passaged by Dr. M.

' Potter by subcutanaous and 1ntxaper1tonea1 1mp1antation

| in ‘the same strain of mice, but failed to grow 1n other
straina. xt was described as slow grawing, weall
‘differentiatad plaamacytoma, bearing similar histological

’\,picture to human plasma cell neoplaams. It producea a

78 IgG ~globu11n which 18 damonstrabla in the serum of the

2a
, tumour baaring animals in high concentrations after the
‘tumour attains certain size. 3 - doea not pxoduca Bence

: Jones protain. .

 "M1ce: A colony of inbred csﬁ mice W@;\ astablished. Tha‘
breeding pai:s ware originally suppliod hy the Medical 4 |
?Resaarch COuncil‘s Laboratory Animal Cantre of Carahalton., 
The animals used throughout the whole expartments wsre

. males or females 8-12 weeks old dgrivzdvfrom_the calony,



They ﬁare kgbt on B,, diet, and 4-6 to a cage depending
on the expariment; ‘ '

- Tumonr Transplantation. The tumoux was collected fzum

‘tumonr~hearing animals which had baen transplantod 7= 8
'days earlier. These were sacrificed by cervical :
\“dialocation, and ascitic £fluiad was aspirated from the
perltoneal cavity using a atlrile 2 ml. syringe. Thia
was transfered into a stexile plastic Univaraal cantainar
cantaining 5 ml. of noxmal\saline., Samples were taken
”fram this aliquot for counting, and the aliquot was then
adjunted with noxmal saline to contain’ the required numbar
of tumaur cells per ml. , ?or'most pnrposes it was' -
~adjusted to contain 5x10 cella per ml. ‘ The required
number of cells were then injected intrapezitcneally into f ,
the raquired number of mice.~ ' ' ‘ | |

 Cell Counting: 0.02 ml, of the aliquot to be countod was

‘? trnnsferred 1nto a Universal containing 10 ml. of the
counting flutd, mixed, ana counted in a COnlter countor
model A set at Acsz, thrashold 42. : The count 0btained
‘"rapresantad the actual nunbexr of cells in 0.5 ml. of the
"L‘aliquot/counting fluid mixture. .10 ml. of this mixture
: contained 0.02 ml.: qfxthe original aliqupt. vThus, t??,.
‘oéﬁnt obtained raptpéentedé- ‘ o ' o
20, 0.5 .1

x -

1000 100 1000 per ml. of the original aliquot




In order to obtain the actugi count of the original
aliquot, the count on the Coulter had to be multiplied by

- 1000,

éountigg Eluid: The folibwlng‘formula was used to prepare
‘an 1so€qnicaolutio§ of suitable pH for use in Coulter
 ¢6unt;gg.o£:£hgftﬁ&onr cellg.r (This'formula'wﬁs 8uppi;ed
“byfnrf,T. cénnqiq'cf'the Chester Beatty Résbafch Institute:

' Disodium EDTA  1.58 gm.
‘wrisoaium EDTA  1.82 gu.’
Tetrasodium EDTA ‘0;32Vgﬁ.‘

Sodium Chloride 6.5 gm.

Formaldehyde , ,
Solution - = 1 mi.

:fDistilled’water o o
up to 1000 mi.

' The solution was filtered twicq through'éintefedrgiass.

anmal)garitcnéal'cells coantéd&at the Coulter setting

fox tumour'celis"

With the COultax counter set at Acsz thxeshold 42,

contaminating red cella are not counted. [ Thts was easily

"' varified by. counts made before and after hypotonic ahock

y.treatment (see p.83 ). However 1axger cells from the |
. peritoneal 1lining could contribute to the overall count
'ain thxae ways (1) thosa ‘"washed off“ by the mexe presencé
‘Aof excess fluid in the peritonaal cavity (11) those
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migrating into the peritoneal cavity as an inflammatory
'response to the tumour (111) those gaining the pexitoneal
cavity due to loss of integrity of blood vesaels.} The
‘laat‘goﬁid‘bg excluded byilﬁrggly work;hg in the phase
~ of tumour growth before bléody ascites developed. In
”6rdarita check (i) and (ii) the peritoneal cavity of normal mice
was washed with phyaiologicéi‘salina at two volumes, 1 ml.

" and3 mi. covering the eitrames of ascitidlvol&me)ehcdunteré&
in the working phase of tumour growth.  These washings
were . COulter counted and then examined microscqpically in

a counting chamber.

Using the same microscoPIc method tnmonr cell containing
fascitea wasg also examined to see if any ‘excesas of nozmal

peritoneal exudate cells could be detected.

Loss _of tumour cells from the ascites: It is possible that

tumour cells could become attached to or eveu 1nvade the
peritoneal lining.r Histological examination of sectiens
of the peritoneal wall: taken from mice aacrifice& early
 and late in tha phases of tumour gxowth was therefore
undertaken. (sge fig. gfig?'l am gragefnl to Dr,~pav1d
Evans of our M&xbi@\hnatomy department for his hélp.

'5.b. DETERMINATION OF THE TOTAL VOLUME OF ASCITIC FLUID

USING IBOTOPE DILUTION

By aspiration alone it was not expected that full
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“recovexy of all ascitic fluid could be achinvad. By

51

V;;labelling autologous red cells with Cr and injecting

‘~{:them 1nto the ascites, ‘isotope ailution’ offered a means

‘ af estimating the total ascitic volume. This assumnes
fnthat such red cells mix evenly and ‘that neither they nor
thair Cr51 label leave the peritoneal cavity during the
& tine of ‘the uetermination. As a check on this peripheral

ﬂblood was sampled and connted for Crs1

' Red cell labelling. Following the mathoa of Mollison and

'g'v@al (1955) , about 1 mil. of blood obtained from the orbital
‘vplexus of a CBH mouse, was transferred 1mmeﬂiate1y 1nto

& universal container in: which: 2 ml. of dilute heparin

| solution (2 mgm/loo ml..of nornal saline) waa already
placed. ' The universal waa centrifugeé anﬂ the supernatant

51 solution was added to

‘was disCarded.‘ About 5 pc of Cr
vtthe packed rea cells remaining in the, universal and the

, *:mixture was 1eft at roqm temperature for 30 minutes._ The;f\

"l,cells were then washed twice in normal saline, and’ re~"7

.>‘suspended 1n 5 ml. oﬁvnormal saline. The labelling wasz

‘freshly aone for avery experiment.f

”C 51 1sotog - The isotopa was supplied by the Radiochemical

Centre at’ Amersham 1n the form of hexavnlant sodium chramate e

solution of high specific activity.‘



amathod£“ W1th.the uﬁé’bf 1 ml. 1nsu11n'sy£;n§e»ind a fine
\ headle {Gauge 25),. an axactly known volume“of-isologous

”1abe11ad red cell suspension (O. 5-1 ml.) ‘was 1n5eceea intra-

‘<.per1tonea11y. ~ After 10 minutes, a sample was drawn from

~ the ascites for counting. an exactly kncwn volume of thisl o
fascitic £luid was counted for radicactivity in a we11—<
’wscintillation cxystal. For the standard an éxactly known

| volume frum the stock red cell suapansion from which the

| 41njection was given was counted under 1dentica1 conditiona.

- After aubtracting the background activity fram the counts

of tha sample anﬁ standard, the total voluma of the ascites
was- datqrmingd from the following formulasv,”
where C, = count of the standard per ml.

Rivl = ml. of the labelled red cell auspenaion ,“’
‘ 1njected : : ‘

:‘w'cz'.‘ counts of tha ascitic fluid per ml.‘ ,"A

_ AV2'~=' ml. of totll ascites f'

  31ood samplea fram the mica were obtained fram the orbital
(,plexus 1mmddiate1y after sampling ‘the ascites.e The mice were ﬂ 
“anaasthasized first with Panthrane to make the‘manipulation'\ 
asy. The tip cf a Pasteux pipette was then passed behind the .
*eye ball and the. plexus was punctured and the blood was o
sucked out using a teat fitted at the end of the Pasteur

pipatta. ,The,blood was then_ghacked'for_:adioactivity..



Recoverable aeeites: In a gxoup of 5 mice snmpled as

*above, the xemaining aseites was then aspirated as completely
- as poseible. The mice: were then sacrifieed, the abdomen

. swiftly_openea and any further &reps of.tlnia espiratedv
as.edmpletelyeas possible. A careful measurement was
made of the total velume,'eimeeeere& aliduotxwas_eeunte&'
_enabiihé‘an eetimete ofuthe totai iedieectivity’recevered.‘
‘This was then expressed as a percentage ef known radio—
_‘aetivity injeeted.l In this particular experiment the

5; xed cells

. actual syringe used to give the dose of Cr
was counted before and after the dose was administered.

The difference in counte was the exact amount injected. :

5.c. MONITORING TUMOUR GROWTH USING PARAPROTEIN .
Mm\summs ‘

Bloo& colleeted as ebove from the retroorbital plexus
was - transferred inte small plastic centrifuge tubes,
'allowed to . clot for 10 -15 minutes and was then centrifuged
in the Spinco microfuge.~ ‘The serum obtained was trana~
 ferred 1nto another small plaatic tube, 1abe11ed and
| either analyse& fresh or kept at ~20 c and only thaWed

- once. before analysie.:



,Serum Electggghoresiaz "This wﬁs carried out oh'celiuiosé

,acetate strips, uaing harbitone buffer pH 8. 6, 0.0SM, far

65 minutes at 25v/cm. The serum was applied as a fine

o line on ‘the adge of a microscope sli&e, which was then

\touched onto the eellulose acatate strip. Straight bands
resultad,with clear rasolution of the paxaprofein erﬁ |
‘ the noxmal By (Figd2). o B
The strips were then shained for 5 minutes with

' Naphthalene Black 10B, having the following formula:~

Naphthalénevnladktloa | 0;25 gm.
" Trichloroacetic acid | '3 gm.
Methyl alqohdl 100 ml.
. This stain is knowhvté bindrreasonébly unifozmlyvtb
the proﬁeiné'af serum S0 thaf‘raliahle estimates of albumin
or»globuiin Eanfbe nade (Hobba{ IQSS}. V
After staining, the strips were then washed twice . with |

a mixture of 9 parts of- ‘methanol and 1 part of glacial acetic

. acid allawing five minutes for each’ washing, and following

o twice with pute methanol. - This washing procedure will result

in claaring the backgroundof the strip fram any unwanted

stain.

Total ?rotéin eﬁtiﬁgtion:f This was done on the basis of
specific gtavity“because a biuret method was shown to .
undergstimate’IgG-globulin by some 6% against an albullin o

standard.
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Using the method of Lowry and Hunter (1945), a small

“‘drop of the serum was dalivered £rom a Pasteur pipette 1nto 2
spacific gravit§ column which ‘had been pxeviously calibrated.
"Tha pxotein content of the gerum was obtained £from- ccmparison

againat a sariea of standar&s of known spacific gravity.-

,Estimation of tha Paraprotein-~ The‘?ataptotein band was

eatimated as a parcentage of the total dye uptake measured

.’izby transmission scanning using the Zeiss Extinction

' recoxder m&rk II. 'The paraprotein percentage of the total

protein was then oalculated in gm/loo ml. and’ by tha*
‘above method this ‘could be reproduced to within 0.05 gm/

100 ml, Since the paxapzotein was auperimpoaed on the

o zasidual normal immunoglobulins, the ovarall accuracy was

‘i'.probably cnly within 0.1 gm/loo ml.

- 5.d. Immnnonocxcan-Pnocmnunns

‘Rats: &éle alb;hérrats 5-6 months of age were supplied:

by saiéntific Produét- Led.,TCanterbury—Ash. ' These were
fcund to hava a vnry little subcutaneous £at which made .
' tha access into the thoracic duct more fcasible. . They were

~“kept on 841 diet and six to a cage.

Immunization of rats:~ Plasmacytoma cells. ware collacted

" ‘fresh from tumour bearing mice in the usual way, and red
"cells,if any were lysed. using the method of Janowsky,

‘Rosenau'anérﬁoon (1964). ..The ascitic fluid was centrifuged,



an&lthe supernatant was diScarded. To the packed-éella

10 ml. of 0.35% sodium ahloride solution was added and the 4

‘mixture was shaken gently. After 60 seconds, 1.2 ml.,qf

B 5% sodiumrdhloride solution was addad to restore the

isotonicity of the mixture.. The mixture was then

,centrifugad, the supernatant ‘Giscarded and the tumour

cella were :esuspended in normal salgne. The suspgnsion

was counted.

About 30x106 tumour cells‘wereftheﬁ given to each

‘rat by thxee injections. ' One subcutaneous injection

a into each af the hind legs and one’ intraperitoneal

injaction. Stmilar booster doses were given ‘one week

Zater. .

Collection of whole thoracic duct lxgg‘ Lymph was

collacted by cannulation of the thoracic duct of the‘_“

rats uaing the Gowans technique(see figs. G 8). Immnnized

| rats were cannulated three days after the booster

'immunization dose, A cannula made of two parts (fig.S)

was found most convaniént fox the purpose:~

\’wfl) The haad wag maﬁa £r0m a pieoe of nylon
| ‘”intxavenous cannula 0.D. 1,02 mm. (Portex
Ltd.). This was bent to a. hook~1ike shape,
- over a very gentle flame, and ite tip was -
sharpened py cutting_1t_qb11que1y.»-&his
facllitated penetration of ﬁhé‘thdracic'dﬁct,












-—NYLON INTRAVENOUS CANNULA
0.D. 1.02 mm ( PORTEX LTD )

VINYL TUBING ( PORTEX LTD ) }

‘"F:I.g.g. e : :
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_directly ﬁithout‘any previous puncture which
_might cause the duct té collapse. '
-:2) | The head was attachédlt0~transluscent vinyl
| "tubiﬁg (Portex htd. éize 1), which was very
"aoft énd absorbed ﬁny shock to the'extérnal
part of the cannula. This preﬁented the head
' from being dislodgéé'from the dﬁct; The
vdannuia was siliconized“andvsterilizedﬂby
' irradiation. ‘
1 The animals were gi&en 1ﬁtraﬁusculériy 0.1 mgm.
]vit‘ prior to cannulation. - They were fed Siyglucose

in normal saline or water with the usual 841 normal diet.

’ﬂl The 1ymph was collected in 100 ml. siliconized sterile
‘ glass flasks into whuh 1 ml. of hepaxin (200 mgm/loo ml.)
was first placed. Tne 1ymph that came out in the first
few hcurs after cannulation was very viscous and tended

to clot if not agitated every few minutes. The cannula

~ Was prone to ba blocked in the first few hours after

_ cannulatidh.”‘ It could be reopened by 1light aspiration

af the lymph from the cannula by a syringe and a suitahle
needle. If the cannula could not be opened bg,this method,
replacement was necessary. | The rat‘wés rganaesthesiéed;
'"and the old cannula was cut at about 1 from Qhere it ,~
emergaed from the skin and a new cannula wés‘connected to
the remainihQ plece by‘a‘suit&ble jnnctidn fitting both

ends tightly. The lymph was éollected gveryulzlhours;



'oPraporotion of cells'from ly§2~~-f' The . 1ymph ﬁog

_‘cell-free lymph |
.supernatant was discarded or used anbelow.. The cells

7ﬂ‘centrifuged at a low Speed_for five minutes. The

':were then washed in madium TC 199 and resuspended in
-the same medium to contain the required numbar of
j’ lymphocytes in not more than 1 ml. of medium. : The"
vo'viability of the oells was determined by the dye '
Au;'exclusion tachniquo using 18 . trypan blne solution.

| Chromatogggphio fractionation of. the cellvfree lymg_.

Amounta of 10 ml. of cell-free thoracic duot lymph N

hfrom an 1mmunized rat were applied to a column of
Sephadex G200 whioh had boen previousky calibrated with

: no:mal rat serum.  The, ‘three main peaks were collected
:and concentrated by ultra filtration back to the original

vaolume of the. 1ymph. The fractions wera then dialysed

| " against phosphate buffer saline (pH 7.4) for 48 hours - \
lat ¢°¢ and finally sterilised by ultra. filtration. Thayfx:’

‘_were then distributed in 2 ml, amounta in sterile univeraal"'

.. and kept £rozen at ~20 c. The required number of bottles )

were{Ahawed once 1mmediately before use.
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' CHAPTER 6

' VALIDATION OF METHODS

S RESULTS

1. Recovery of ascitic fluid ‘Frdm al ml.‘insulin

V'syringe 99 to 99. 5% of a given dose: of . Cr51 labelled red
cells could ba delivered into the peritoneal ‘cavity.

"‘anuwing tha dose actually given it waa a aimple calculation

L fram the radioactivity and tumour cell numbers in a sub- _

: saquent aample of ascitic fluid to estimate the total
| number “of tumour calls within the total ascitic £luid..

. In 10 animala cemplata aspiration o£ the ascitic flusd

o followed by opening the abdomen for the last few dtops, ,
“only recovered fram 92 to 94& 'of the given dosa of ‘

radioaativity. It can therefore be seen that simple !

aspiration would be likely to underastimate the total

5; red cells

number oi tumaur cells. The use of the Cr
-allowed more complete estimation of the ascitic volume. -

51.

N

2. Validity of Cr

‘red cells over 10 minutes:~f Up to

- .the end of B daya after tha tumour 1nocu1ation, 51 v
“flaballed red. cells could not be datected (<0 1%) in tha‘~
"blocd taken ' txom the orbital plexus 10 mtnutes after

“'Mtheir intraperitoneal administration. ‘ However, by tha

51

‘end of the ninth day, Cr™" red celln wera regula:ly found

>'f1n the Bystamic circulation within 10 minutes of 1nocu1ation.



| 38
51.

‘ Tha Cx mathod tharefore 13 valid up to 8 days but not

after 9 days.~'

.“

'5. Validity of tumour cell counts-»i

,(a) ‘Washing the peritonaal cavity of normal 03H mice
released only a total of 0.6-1 0 million cellu ,
counted at the COulter setting usad whether a vﬁlume

C o of 1 ml. or 3 ml..of saline was usad. L
(5) Microscapic examination, in a cell counting chamber,
| fof ascitic fluid containing MP5563 cells did not ‘
reveal any excess of recognisahle epithelial ceils o
L er macrOphagas compared to the washout of the L
 7‘per1tonaa1 navity ot a acnmal mcuse.«¢ Such cells
only accounted for up to 1 million of the total

cell count. '

\“4.: Tumour cells adhexant to ‘or 1nvading the peritoneal wall
: fH Maoroscopic and histological axamination of the "’
"peritoneal wall reveale& no adherant masses or. frank 1nvasion»; -
?_by tumour calls, up to 8 days after 1noculation. There~\  . .
"after 1nvasion was regularly found (see fig. 5f5a,5b) h
1-4 tharefora indi&ate that tumour cell aounts

51 red call eorrected ascitic volume maasuramanta

and c:
'yiuld xaliable estimatian of the total of tumour cells up
“'to_s days after transplantat;onr but not-the:eafter,‘gor“

,«withflcﬁ\cell qounté apptoaﬁhihg the‘lévéi,ofbl ﬁillion.
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B. stcusszou '

. The utmost care was taknn when collecting tha

- ascitic £1luid f£rom the peritoneal cavity.v F;rstly,-

aspirating as mnch as passible by syringe to féiiéve
- the tension of the abdaman(loss of fluid could result
| L § tha abdomen was opaned while tense) and then collecting |
‘ 'the last few drops with a Pasteur pipatto after opening
"tha abdominal wall. Inspite of these prncautiona the
total volume of fluid collecte& and.maanu:ed by this
mcthod fell short by about 7t of the results obtained
when measu:ements wnre done by the isotope dilution 'A
‘itachnique.r. What conld have accounted for this diiferance _
:-wan fluid left aticking to the walls of the abdaminal
’cavity and the viscara, bacause of the high viscoaity of
‘v the ancites due to 1ts high. protein contant. wtth the
;uaa of 1nau11n ayringe, the delivery of a precise volume
of- 1aballed red cella was insured. The xnlatively high
| amouat of activity (J“iyc) qave a high count rate and a-
low standard error of counting. The whole procedure took |
. only few minutes d&t;ng‘which‘tims.the elut{on of the - L
3 chromium from the réd‘caiia'was negligibla;uas was 1baa=of_77 :
v;\ red cells from the peritoneal cavity. ‘The sample of |
t‘ascites was takan while the abdamen waa still closed and

.1033 of ascites was excluded.



4 Cell counting was done‘subseqﬁent to calibration .

_ of the Coﬁlter counter. At the setting used, red cells
wére not counted, but,macrophéges'énd sqmelépithelial

' cells from the peritoneal cavity were counted together
;with'the*plasﬁacytama cells. - It was therefore necaséary‘

| to establish the cell‘counts from peritoneal washouté of
control mice, and this numbervwap subtracted from the total

call count ;@ yield the'planmacytamé call count,



CBAPTER 7

o THE GROWTH CHARACTERISTICS

OF MP 5563

Klein and Revesz (1953) stressed the advantages of
}using ascitic forms for ntudying tumour grcwth After
inoculation there was a “latency pericd“ of a few days ‘
ﬁ and of unknown astiology duxing which tunour growth could
»Jnot be- tecorded. _ Theteafter they desaribad a "cube rate
,phase“ 1n ‘which they found the cuba roots of the cell .
' numbars were linear againnt time and similar to £ind1ngs
‘with solid tumoura; Finally followed a “tarminal petiod“
" with an. apparent fallwoff in tumour growth Steel (1968)
.using the«rasults oi Baserqa (1963) and Lala and Patt (1966)“‘
for Ehrlich ascitea tumour described a slowly progressive :
inc:ease in call loss to as” high as 90% before death and “
assumad this was due to the death of many of the tumonr :
'cells £oxmad. None of the above workers used an internal
standara to céntrol the asaessment of the ascitea and 1ta
cella coutant. The praaent study usad 1ntraper1tonea11y
injected :I.sologoua c:“ 1abelled red cells to monitor the’
recovery of aacit&c £1uid and the 1ntegxity of the peritoneal :
.cavity. With thia safaguard a simple exponential growth ‘
was observed batween 4-8 days after inoculation until a
"‘fistulqus commun1¢atiop occqrred between the pagitonea}

| cavity and the blood-stream which invalidated all sub-



hequent cell counts. -

MAIN EXPERIMENT

Harveatad ascitic fluid containing tumour cells was
adjustad with ‘saline to-cnntain 5 million cells/ml. Into
each of 40 03H mice, 8-12 weeks old, O 2 ml. of the fluid _
| V(l million cells) was 1njected intraperitonaally. ‘The mice ‘
t'ware kept on a B4l diet, and aix to a caga. : At the same
time, each day fallowing the inoculation, four mica were

51 re& calls, sacrificed 10 minutes later by

givan the Cr

cervical dislocaticn and tha above tasts were parfoxmed. :j
~ The whols expeximant was repeated 1n tha sane i

Acolony six mcnths later, and again six months aftax that,

in order to -assess ‘the stability of the axperimental model.

EXPERIMENTAL STUD¥ OF THE LATENCY PERIOD

A sapara&e group of 20 mice were given whole body
1rradiation (550 x, 250 kv x—rays, known to supprasc their
' 1mmune responses) and aubsequently txansplanted and studied

as abova.'
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 RESULTS |
After inoculation of 1x10% tumour cells, three phases

of growth were noted similar to those desoribed bi Klein and?j,
Revesz ( 1953 ) and these gié seen in £1g.1l0 and table I. '

Latency period:- For‘four;days it was not possible to record
a significant difference in total call-number,‘aliowing for
1 million 1noculata& tumour cella ‘and the avetage of 0.6 -
1.0 million cells which could ba washa& out of uniaocuiated

mice using the a0 pxocedura..

Egponantial per&od.~ Between 4~8 days thc cell numbers

1ncreased in simpla exponential fashion with a donbling

time of 18 hours. During thia phase the. peritoneal cavity
'hecama distsndeﬂ as n tight ball (fig.ll), no Cr51 lahcllad
rad celln were detectad gaining tha cireulatiaa within 10
‘minutas and the mice were alive and 1n good ahnpo. ~4'5&:«;;

| ascitte £luid had lcwe: alhumin and higher paraprotein levels:

| _than the serum (fig. 12). uiatological examination revnala& |
h.no invanzon of the peritoneal lining (f&g. 5).

:fTazminnl Ehanea~ Usnally aﬁtar 8 days an& alwaya aﬁter 9
days a visibla change occurred (tig. 11). The mice’ hecama :
ligtless, wuxc now triangular 1n ahaya dne to subcntaneoun
>aadama ané the tension was lost not cnly fram the ahdamen,'.
| but alno £rom the ayaball (noticad.whnn bleeding the mice). B
VﬁTha aaaitic fluia was not often blood 3taine& and Cr51 1abelled.A
red cells wnre tapiﬁly ustoctad in the retroorbital blood, |



Téble'l;‘

wotal tumour cell counta (corrected by Cr51

red cell

- entimation of ascitic volume) . following transplantation of

1l million MP 5563 cells.

 Mean

?Day Millions of'tuﬁourvcella S.E.of
T R - Mean:
1
32' S ;
3. 1.2, 1.1, : . ] 1.5
E‘ 2-3/T1.2; 1 8' 1 9 2 7( 3. 4; i,’ ’
; 1.31 1'7’ 2 2, ‘ O' 2nQ, 2 5' . 2’25 , °'2
'8 2.7, 5.4, 10.6, 6.8, 5.6, 5.8, L |
. 6.4, 5. 6,-6. 8, 6.9, 5.5, 6.2, 6.2 | 0.6
6 | 9.4, 19, 10,0, 10.5, 14, 21, o L
;15' 18; 12' 141 16! 181 ’ P 1‘.7 l-3“
7 30, 19, 36, 39, 56, 59, I
. 60, 110, 46, 52, 37, 48, 49 .7,5
-8 60, 74, 100, 160, 140, 72, ' o | |
;o lBG, 98[ 92' 88, 105, ~10, o 99 8.4 K
’ 9 . 100, 106' 111’ 131; 124' 151"‘ _3' L ) i .j
159,95, 154, 108, 123, 137, cT 125 6.4
1o '78, 68, 105, 100, 88 " 26, 5
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inde@d.qalculate& as radioactivity /lgm. red cells, there ;’
was no‘difference,between ascitic and systemic rgd cells
"&t‘ten minutes. "There'waa also no difference bgtﬁeen the
"ascitiu and serum levels of albumin or paraprotein (see

fig. 12). Histology regularly showed invasion of the
peritoneal wall and tumour cells were seen in clusters
adherent to the lihing {(f1g. 5). The mice usﬁa;ly died

on the tenth day.

Siability‘of this exparimental model: - There was no

- significant ﬂiffe:ende in 1n£ehcy period or growth rates

at two six-months intervals, representing 25 and 50
passages of our initial sample of the tumour. This itself
must have had some 609 pasaages since it was first found

‘as a spontaneous tumour in 1956. Accordingly a;I our data
have been pooled in fig. 10 . During the>exponentia1.’

phaae the doubling time was 18 houra, an& in all the
‘1ndiv1ﬁua1 exgeriments this only varied from 18-20 ‘hours.
Howaver, it was observed that whareas 1 million cells were .
1nitia11y needed for a certain taka& and an inoculum of
800,000 ‘cells was ‘usually a failure, by tha end of the year

a take could be achiaved with 150,000 cells. At 18 monthe,  y
inoculation had once baén'succeésfulﬂwitﬁ only 20,000 cells.
.Despite thia appatent increase in “virulence of the tumour, '

the growth rata anﬂ protain pxoﬂuotion ramained stable. -



- protein, large mol.wt, ag-glamnmmﬂ

Q.
SERUM ASCITIC FLUID

Total protein = 5.5 Total protein = 4.2

T
SN

Total protein = 4,30 Total protein = 4.25

i
|
M =0.45 \ M= 0.45

1g of serum and ascitic fluld expamtial (above)

ad terminal (below) phases, m,mmfmmmamw

paraprotein . indicates the.
relative ty of the peritoneal menbranes. Below

equilibration
ormm@fmmmmmaﬁmmmmmn

. cavity and the circulation,.

(a) Total protetn = 5,5g./100ml. M protedn = ©0.1g./100m1.
(b) Total protein = 4,2g./100ml. M protein = 0,15q./100ml.

©. () Total protein = 4,30g./100ml, ¥ protein = O,45g.

‘ /100ml. -
' (d) ’rotal lrow.n = 4.25g./1€nu1 M pmtain - 0.459./1(2&11
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‘f'n;scussxo&

.y

During tha exponantial phase (4~8 dqys after 1nocu1ation)

- ;the evidence supports the integrity of ‘the peritoneal cavity,

‘ *;i-and shows that ordinary attempts to recover ‘all tha tumour

: Vcells are ' 1ikely to fall short by some 7%. Isotope dxlution

"f75 of Cr51 1ahelleﬂ 1sologoua red blood cells ‘overcame this problem

‘5in the prasent 5tudy and also clearly showad the development

. of a. fistulous cammuaication between the peritoneal cavity -

“”'ﬁand the hloodwatream during the te:minal phase (9-1C days).“

This was also supported by the other avidence of change in
 \ahapa, low blood preaaure 1n the orbttal plaxus, 1oas of
:ltension of the ascitas and equilibration of cell and protein
' aontents.  Call counta of ascitic fluid beyond the 8th day

“i;therefere na 1onger repxesented tha tetal number of tumoux

\'A calls.

The growth curve of this tumour is similar in many

‘aspacts to what other workers have shown.’l he latency

e  period described by Klein and Revesz has been thought to

”}}fbe due to 1mmunological resistance by the host. -If this
‘ " had’ been txue, the tumour in the irradiated group should

have: grown without this phase and the nnmber of cells would |
- be 8 -16. timas that of the control group aftar a few days
(&oubling time 18 hours) - Thia was not the case.‘ Sparck
‘(1959) has also ahown that prior aublethal irradiation of

 the hoat far from enhancing suhsaquent tumour growth in
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gehetal’impaira it. Similarly edftiubhé which can suppress
" the 1mmunoloq1cal réaetivity of the host was also found not
- to affect the tumour gxawth. "An altarnativa explanation |
for this period could be that only sama 5% of the 1n0cu1atad
.cells survived as viable, replicable cells and then simply
grew exponentiallg. (The ;uoculum usually does come from

. a spent host. |

Simple axponential grawth (4~8 daya) can be explained
"by the blnaxy division of cells and will occur in any closed
population 1n which the generation tima and the fraction of B
’Aicella paxtaking in the divison process is constant (Frindel,
‘Malaise, Alpen and Tubiana, 1967). It aeems that the cell
‘1035 during this short grawth period is ‘very small, and that

: o most cells undergo mitosia 8o that the aouhling tima is- similax '

. T the tima of the camplete mitotic cycle.< The present
B 'obsexved time of 18 hours is identical to that ‘found 1in cther
‘mpuse tumours (Basarga (1963),; Frindel, et al (1967). |

(’ , In the tarminal phaws (9~10 aays) an asymptote is
l’reached.u There appears to be a complete equilibzium
between the blaod and ascites. " This will lead tova major
lloss -0f the tumour aells into the blooﬂ stream. B, rel&ti%ely
fAf,physiolcgical 11m1t was placad on the follow—up by the -death
'of the host.‘i | B

Other causes - for ‘the asymptote have been shown. Baserga,

_‘(atudying,the Ehrlich‘asc;tga tumour clatmed a constant mitotic
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‘gyclé'cf,lé hour#, but fpu#d a progtessivevdécline in the
growth ftactibﬁ. .iﬁla and Pattfstudying‘the‘same tumour

" clained that in addition there was a lengthening of the
mitotic cycla to 22 hours, however their claim for an
ipitial‘mitotiq cycle of 8 hours is unconfirmed. 6teel
alsc showed the contribution of ée;l death with a cell loss
ftaction’claimed to apprbacﬁ‘95§.“ It 1s'theréfbre possible
'_that the use of terminal ascites for further inoculations

~ may be follcwed by a great deal cf call death, and that

i this,besp accauntswfpr thevlagency_pexiod.'
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. The grawth of ascitic mouse plasmacytama 5563 has

been monitored by Cx51

~R§C ‘dilutions within the peritoneal

cavity together with differential céllvﬁounts and protein

:measuremanta._ - . ' |
Following the 1ntxaperitoneal transplantation of

\dné miilion tumou:_cel;s, there is a‘latency pariod of

4 da;ys. ‘ This is followed by logarithmic growth frcm"

4-8 days with a- doubling time of 18 hours, possibly ‘

'explaineﬁ as only a 5% suxvival of the inoculum, always

similar 4in &1£ferent animals.‘_ Eventually after 8 days

fgnd,after about 100 million eells:an'asjﬁptbpeﬁis ieachedr 

#ﬁ;eﬁris due fo a‘fistuiaélike.cammuniéatioﬁ beﬁwéen | “

" blood stream and petitonéal cavity. This terminal phaaa

(9—10 days) 18 rapidly followea by death of the mouse.

o Reliable ‘tumour cell counts can only be achieved :

Lbatwegn 4-8 aqya.
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" 'CHAPTER 8

" THE SERUM PARAPROTEIN LEVEL =~ |
_'RELATED TO THE NUMBER OF MP 5563 CELLE

f Nathans, et al (1958) showed that the total daily 4
"rproducticn of paraprotein by a solid plunma cell tumour o

"in mica ‘was propcttional to the waight of the tumout.

‘Later, Qsaerman, at al (1964) ahowed that simgle measurcment

'ﬁof the serum lavel of the paraprotein wan directly prOportional t
to the wnight of tumonr, up tc about 2 g.\ Thereafter
“necrosis of the tumour probably accounted for a tallu:e of
,the relationship. _< ' )‘ ‘ | f | I

The. present atudy was made’ using an ascitic form of

- pxaamacytama 1n mice to see 1f the sexum 1evn1 could ba
afdiractly related to the actual number of tumour culla; 1.e.:‘ﬁ
,whather the serum 1eve1 ‘could ba used to monitor the tumour t) fﬂ
growth. | | | |
msmas N |
~ The . paraprotein was readily detected by aerum eiectro—lx ,

liphoraais as a narraw band just hehind transterrin ( 31~globu11n),

'iaea tig 12. This was measured (t 0.05 g/lqo ml.)Aan_qﬂsaxibeq-tm‘
;"f_xn Chapter 5. N R
- The paraprctaln was first seen in. the aarum when the -

ascitic fluid contained 3 m&llion plasma cclls. Tho level L
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of the protain in the ‘sexum 1ncreaseﬁ as the tumour grsw,
shcwing a aimple 11naar ralationship (fig. 13). ' fhe
A;'paraprotein level still showed this relationship even though
‘f.the total serum.protain 1eva13 often fell. In control mice'
- }the total protein valuas range& from 5. 3-6 5 g/loo ml. In

.1nocu1ated.m1ca with a~120 million cella the total protein
:'lavels tange& fram 3. 8*6 2 g/loo ml. Above 120 million,
‘ cells, total proteins fell to 2 5-4. 5 g/lOO ml.v
, xt is wo:th recor&ing here that two ascitic plhsma
cell tumours in. BALB/C mice were initially stu&ied.‘ It wié/.
-found fordboth these tumqurs'(PCb, PCG),that the paraproteih .

\~_pgo&gction fell off with subsequent transplants. There aqu; 1 “

océurred'# shofteﬁing 6f the time (fram islﬁo 9 days}-in
‘ thich the transplant killed a mouse, with an increase in the"
zlamount of haemorrhage into the ascitic fluid. “The reduction}?
‘Jof parap:otein synthesising capacity was. paralleled by ‘an - «
f'increase in the aggressive behaviour of the tumour, biochemicalf
f"dadiffe:entiation paralleled neoplastic dedifferentiation. '
"} Futthermora it was posaible to’ grow the C4H tumour ‘

. MP 5563 1n the BALB/C strain after challenge ‘with a high ‘g
'('dose (over's million cells) but tha tumour failed to prodnca

,iprotein -in- the strange host.
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DISCUSSION

the measurement of tumour grcwﬁh<ia‘e§senglél in the

" assessment of antiwfumoui agents‘and thé'sérum level of -

;paraprotein has proved useful for this puxpcae (Rosenoer
and Whisson,(1964).

The stable ascit;crfdxm of the present tumour and .
‘vthe pkéseﬁtﬂtsotppe'ailufion‘meéhéd enabiedvan accurate
count of the total number ofvtumcur ceils. The extent

of growth of this tumour up to 120 million cells is

' ‘:reflected 1n the serum by the level of the paraprotein it is

,produaing. Few mice survived after 120 million tumour cells
) wera xeaehed, but 1t could be predicted that abova these
numbers the  serum paraprotein level would no 1onger simply
relate to’ the numbar of tumour cells because of the: 1ate
formation of a fistulous~like cummunication between the -
peritoneal cavity and the blood stream. This could also

account for the late fall in the 1evel of the serum total

 _}prote1n which was observed in_some nice. Earliar £alls'

in serun total protein could be expected simply by trans-
’ u&ation into tha ascitic £luid but this did not significantly
-effect the serum level of the paraprotein itself.

In a 70 kg. man it was estimated that the earliest
&eféctibn of paraproﬁein in the serum wphld occur with some
43 g. of myeloma dr 9,Qdormili;on cells (Hobbs, 1967). In

22-25 ¢. Csﬂ‘miae it was observed that the earliest detection
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o£~parapfotein occurred at 3 million §ells (see fig. 13).

Since the mouse is about 1/3000th of the weight of the man

~ this axparimental observation éﬁpports the above est1ma£a.

SUHMARX

An ascitic form of plaamaqytama (MP 5563) 1n c3
'mice haa prove& stable on transplantation. Alsdmple linear
relatianship was - demonstrated batween the serum level of the

paraprotein producdd and the total number of plasmaqytoma

;u, cells within the ascitic fluid.



CHAPTER 9

THE EFFECT OF PRIOR IN VITRO INCUBATION

WITH IMMUNE RAT LYMPB ON SUBSEQUENT

TRANSPLANTATION OF MP 5563

A mathod using prior in vitro exposure of the tumnur
‘MP 5563 to immune components offered full access of anti-
bodies and/or campetent immune cells to the tumour cells.
Their effect on the tumour could be manitored in two ways,

“"subsequant transplantation in C,H mice and, where only

" antibodies were used, by trypan blue exclusion stu&y of

the exposed tumour cells.

METHODS AND RESULTS

Fresh harvested tumour cella were always used. , They
were gently cantrifuged, the aupernatant was diacaraed and

: the cells were resuspended 1? saiine to contain 5 million
. cella per nl. By this stage of this study 1t was known 4‘
'that transplantation of 100,000 (10 ) of thesa tumour cells -
“woula aIWays take, and kill a CBd mouse within 14 days.
| Incubations were dcne in sterile siliconized glass
universals at ‘room tamperature.. The lymph used was fresh 1
‘  and always from the fixst 4~ 6 hours poat—cannulation output,
_collected at -the presumed optimum time followinq immnnization
«}(Delonme, et al, 1969).



Experiment 1: The effect of whole lymph fluid:

" In this experiment 10° tumour cells in 0.2 ml. saline

wéré‘ipcubaféa for 10 hours with 0.8 ml. whole lymph which

.contained 4ox10° 1yﬁghocytes per ml. ffeshly collected from
an 1mﬁuniz§d :aﬁ.‘ 61milariy tumour cells were incubated

- wiéh whole lymph from an unimmunized rat. At the sane time
‘ the &éma nﬁmberkbf tumouricells were incubatéd with 0.8 ml.

‘normal saline in a similar bottle as control. Then 0.1 ml.
of the mixture from éach;boitle, containing 10% tumour cells,

‘was transplanted into each of groups of 5 mice. '

Table 2 -

Results of experimsnt 1, in vitro effectunf

immune rat thoracic duct 1ym@§ against MP 5563

Thoracic duct lymph from

INCUBATION WITH | Saline control | Normal rat | Immunized rat

s - Yoo ——

SURVIVAL - . | A1l dead with- | All dead  |All alive at

' in 14 days | within 14 6 months
‘ : ‘ days

This showed that thoracic éuCt lymph from an ‘immunized -

-rat was effective in vitro against MP 5563.



Experiment 2: The effect of washed lxgphocytes.or cell-free
In this experiﬁenﬁ 106 tumour célia‘in 0.2 ml. saliné
were tramsferred into each of 4 bottles (A,B c D) to which
the following additions were made:
A) 0.8 ml. saline |
B b) 0.8 ml. of whole lymph fluid cuttaining 250x106
, 1ymphocytes from an 1mmunized rat'
@) 0.8 ml. of lymphocyte—free lymph fram an immunized -
- rat

"d).'250x106 1ymphocytés,£rom~an,1mmuhizad rat

- they were washed and :éauapendéd“in Q.B ml. normal saline.

" After 10 hours incubation, 0.1 ml. from each bottle (10°

tumour"celis) was tranapl&nted into each of groups of 5 mice.

Table 3

Results of exgptiﬁent 2, thelin vitro effect -
of immune lymph ca@ponénés against MP 5563
v 'ixmmnne rat lymph :
| -1 Saline Whole  |Cell free - |Washed voabhﬁ“
INCUBATION WITH| control Lymph lymph | lymphocytes
: ' 250 per

tumour cell

a B c D

All dead | All alive| All alive |All dead
SURVIVAL within  |at 5 at 5  [¢ithin 15
‘ 14 days | months months - days




. This showed that the effectiveness of immune lymph
-resided 1n7tha~9e11*£ree supernatant. " |

ggﬁerimgnt 3: Determination of the effective fraction after
ggphraticn through SéphadexﬁGzoo.

12 ml. of cell-free lymph £rom an immunized rat was

- applied to a sgpha&ex G200 column. The three main peaks

lwere collected and concegtrated by vacuunm ultrafiltration

. down to the originﬁl volune of the lymph. The fractions

"were than dialyned against phosphate buffered aaline for

»(48 hours at 4 % ana £1na11y aterilized by millipore filtration.
‘Into 5 bottles (E,F,G,H,x) 10- tumour cellq in 0.2 ml. saline

' were transferred and the following additions were made:

,AE) 0.8 ml. normal saline
F) 0.8 ml. fraction 19s
Gl) 0.8 ml, | rfrvac;tion 78
H) 0.8 ml. fraction ds
'I) 0.8 ml. whole lymph

- Subsequently bottle G2 was set up.uiing 0.8 mi, of
~fraction 7s which'had'bean recycled thtouéh Sephadex G200
“~to free it from the originally contaminating tail of the 198

'.vfraction.

Each bottle was then incubated for 10 hours at room

‘temperature, and thereafter 0.1 ml. (lo.Atnmour cells) was

1nocuiated,’u§1ng groups of 5 mice for each bottle.
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Results of egperiment 3, the fractlon of cell—-

free lymph effective in vitro againat MD 5563

K%A‘
- Fr‘: ' .
W

W%mdlmmlm

ThcusameEn Saline | 198  First7s |  Seomd7s| ds | whole’
WITH. | comtrol | + trail (recycled | - ] dwph
o : o 198) no 19s) X .

E F Gl G2 H I

SURVIVAL | All dead| All alivd 3/5 mice All dead All dead} All alive

! | within | at4 within within | ~at 4

- 14 days | months the tuour§ 14 days - 14 days | months
o L and died at o ,

22,23 & 35

days.2/5

alive at 4

“This showed that the affectiveness of cell-free lymph

, dapanded on its 195 fraction.'

78 fraction which appeared partially effective, ramoved

 contaminatlng 193 and showed that pure 75 alone was

- 1neffeetiva.

The recycling of the first g

Furtharmora there was no evldence that the o

pure 7s fraatian enhanced the tumour growth, in that these .

7ascites developed at the usual rate, and the mice died at

. the same time as the saline controls. -

_uperiment 4:
B 'fraction from immune lymg_.

Into 3 bottles (J,K,L) 10

were transferred and the following additions ‘were made.

©

Naed for comglement in the action of 198 L

tumour cells in 0 2 sallne
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OPTICAL DENSITY at 280 mp

FRACTION NUMBER

(Fig. 13a) .
Chromatograph of the first run ( ) of rat lymph through
Sephadex G-200. The 3 peaks correspond to 19s, 7§ and 4s
proteins. Subsequently fractions 31-37 were rerun,( )
because of presumed tailing of the 19s into them, and only
the second fractions 32-35 were used as the pure 7s for
bottle G2.
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0.8 ml. normal saline
0.8 ml. 198 fraction |
0.8 mi. 198 fraction which haa'bgen previouély

" heated aﬁ'56°c for 30 minutes. (Some complement

‘ is contained in the front paak £rom Sephadex G200) .

Each bottle was 1e£t at room temperature for 10 hours.

and thereafter 0.1 ml. (10° tumour cells) was 1noeu1ated,

;uaing qxoupa of 5 mice fox each bottle.

(6"

Table 5 ‘ \ \ v
) Results of experiment 4, the need for
_complement - -
184 fraction of immune lymph
. 'INCUBATED saline  ° . |Unheated i Previously heated
| WITH control - | . at 56°C for 30 min.
s 0k L
o All dead - |All alive | _ .All dead within
'SURVIVAL |within 14 }at 5 months 14 days
. days | |

This shawed that 1nact1vation of complemcnt prevented
’”tha action of the 19s fxaction. '
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gggeriment’S:'-Taxgat cells.of the 198 fraction.

‘ A suspension of normal CSR mouse cells was obtainad
in two ways: (M) aftor adding daxtran to fresh heparnised
‘_bloag_collected fromrcsa mice it was possihle to harvest

_ a white cell rich aﬁpetnatant,”qoﬁnt thawcallé and adjust
‘f~t§ 10% cells per 0.2 ml. saline (0) periionaai wanhcdﬁs"
with nta:ilé'aaiine had already (Chapter 7) been shown

‘to qontain‘epithalial calis and‘macrophages and these
éoﬁi& also be adjusted to 106'c3118vpet 0. Z’ml.fsaliné;

; Accordingly hottles (4,0,P ,Q,R 8) were set up containing -
0.2 ml, of cell suapension, and the follawing additions

- made.r

. M) 0.2 ml. ac#mal Csﬁ\whita dellg *:é.é mly‘nérmal
~ saline f | . o
36)\10.2 ml. normal C3K white cells + 0.8 ml. 19:_ B
~"£raction . ' | | -
. P)  0;2 ml. no:mal c3H peritoneal ‘cells + O, 8 ml.
" normal saline o ( o
‘Q).'O.z ml. normal C4H peritonaal calla + 0.8 ml.(j

7 193 fzaction . :
" R) r‘a 2 ml. MP 5563 cells + o.s ml. normal saline

§)1 0.2 ml. MP 5563 cells + 0.8 ml. 198 fraction

Aftexr 10 houra at room temperature, trypan blue was
added to aach bottle and then a count of remaining viable
culls was made. |
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ﬁasulta of experiment 5, susceptibility -

of normal C,H cells and MP 5563 calls to

immuna rat 193 fractian

Normal C,H |Normal C,H | MP 5563 cells|
white ° peritonegl ‘ .
blood cella* - cells ‘
|+ Normal saline M. P "R
% Viable. 8% 94% | 648’
|viable cells S L g s
in 0.2 ml. 9.8 x 10 9.4 x 107 6.4 x 10
+ 198 fraction ‘o L@ s
|viable cells N B RS
.in 0.2 ml. 1.4 x 10 1.5 x 10 <1 x 107
Tosill due to ca.86% ca. 84% . ca.100%

Thia shows that the 1mmune rat 193 fraction 15 dixected

not only against the tumou: MP 5563 cella hut also against

the normal calls of C3H mice..

) more effective against the former.’

it doas appear however to be .
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"gxpetimént 6: _The effect of a largerlinbculltion'cf

MP 5563 follcwing in vitro treatment with rat _19s fraction.

Experimant 3 {?) was repeatea, but using 5::106 tumourx

’a—calls in a ‘bottle and then inoculating 1 million tumour

R celia per mOuse. With this tenfold 1ncreasa in tumour

| w'cell dose, still no mice developed the ‘ftumour.

§§periﬁent 7: The effect of dilution of the 19s fraction.

_<¥In,order té:geevif_the concentiation of 19s fraction
‘Awaa'criﬁicaljia axpetimant 6; experimant (F+I)"ﬁas répeatéd
‘uaing 1310 tumour calls in a bottle, but adding O.B ml. of
| 20% strength 195 fraction or whole lymph. With this five-
fold xeduction 1n 1mmune 1ymph, still no mice developed the

~ tumour..
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. CONCLUSIONS

e Immuniaaticn of rats with mainly live but 1rraproducible
P 5563 cells has raaulted 1n a clear differenca between‘
'; thoracic duct lymph frqm 1mmune rats compaxed to unimmunised

rats. ?xior exposure in vitro to this immune lymph could

»y'camplately pravent the uaual take of MP 5563 cells, 'This

: affect was shown to teside in the cell-free supernatant,
was nonfined to 1ts 199 £raction and raquixed cumplement
‘for its action. The Iymyh.was vnry potent - 0.16 mi.
'”prevanting the take of 1 million tumaut cells. | The 198
fraction waa not entiroly tumour-specific -also being lethal
- o normal CBH méuse cells, Whether or not the differential
'feffect of expariment 5. (100% lethal to MP 5563 cella, 85% .
-lethal to normal cells) might ba exploited by varying the daseA‘
‘f in vivo is studied in the next chaptet.-("
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THE IN VIVO EyFECT OE IMMUNE RAT

LYEPH QN ME 5563 IN C,H MICE

Some of these experimants were 1n fact begun before
ﬁ~fthose in chapter 9. However for the sake 'of cla:ityvthe .

4_~'in,v1vo experimsnts,are cnlleéted,unéar one title.

- METHODS AND RﬁSﬁﬁTS
A large batah of 035 mice waxe taken and ‘with sama
‘being used as contxols, the ramainder were aach 1nocu1ated
 with 2.5x10 tumcur cells.' (It was latar ahown that
7‘1x10 eella would take). Theraafter, at ditfaxent stagas
(O«Sdays) of development of the tumoux, different forms' |
of 1mmunotherapy vere attempted. ‘
- It was therefore not possible to use. the same batch

© for days 0 - 5 after ;ransplantatlon
of immunized rat “1ymph, A» as , rats immunized and boosted o

J“'2~3 days previously were cannulated. The thoracic duct

»lymyh collected was used for traatment of: mice at day 0, 1‘
) and 2. : Aitar tumour transplantation the booster dose Of
1mmunization was-given to another grcup of - 3 rats . a: day 0.
_Thesa ware cannulated at dqy 2, and thoracic duct lymph was
collected for 3 days and usad as treatment for daya 3, 4 and ‘
'5 after tumour transplantatian. Aliquots of the whole‘lymph

usea in all thene in vivo exporimants were saved and sub-

‘ sequently using experimant 5 of chapter 9, aach shown to be
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' effective in vitro at the doses used.

CQntrols

Throughout the following expariments the. following

controls were used

V“%éi

Tumour'cellstin saline without any other ‘addition

.were inoculated to check the viability and take

‘Aof the tumnur being used. iIn avery casg,the_tumour

'l‘:OOk. J“ .

. : b)

15Whola thoracic duat lymph or washad 1ymphocytes from

o unimmunized litter matea of the 1mmunized rats wara R

used to screan for any natural 1mmune reacticn. At

no time was such a natural reaction detected‘

..Furthermore the taxic effect of lymph noted by

Alaxander (1968) was not seen in any of these

. expatﬁments.

J}c)'

. t0 2.0 ml. of whole 1ymph,‘or 10

.Mice not 1nocu1ated with tumour were given the .

lymph {ox 1ts producta) from {mmunized rats to

check for any obvious sidenzeaeticns against the

‘ncrmal tissues cf ‘the mouse. At single doses up

8 1ymphoqytes no -

i‘siaewreactions were observed in the mice. Alexander

’(1968) did stress it was protracted ‘dosage  that had

had ‘bad ;esqlks.u No evidence of rat graft,versus

- mouse host reaction was seen up to 3 months“fallowing“:
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| the treatment. B
’:’{ d) ‘wharé rat lymphocytes were washed prior to
| injection, an aliquot was checkad for viability
by examining for trypan blue excluaion. In all

3uch cases over - 95% of the}cella appeaxed viable.

B TPo avoid neadlas; repetition only controls (a) are
shown in the tablea whinh follow.
All the animala tranaplantad with tha tumour and given .
thé traatmants in vivo develaped the tumour and died as a
.,rasult of‘its growth The follawing tablea below show thel '
duration of survival (in days gince transplantation) of

each  individual anima1 ihAth§‘aifferent.éxperimanta.

Treatment (1). Tha effect of washed immune rat lymyhocytes

given as a single intxaparitoneal dose.v

fable 7

A. Using 25 x 10° rat lymphocytes

COntrols Day - aitar transplantation that treatment
(a) A . was given
|l o 1 2 3 4 5
lsurvivar| 10 {11 10 % 10 10 1o
4n ] 10 ji1@ 10 1o 11 1 10
days | 10 {12 2 10 13 13 11
S 12 15 12 12 11 . 14 11
14 |16 12 12 11 14 12
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“ Table 8 o
R B, Using 50 x 106 rat lymphocytes
cOngrols Day after transplantation that _treatment |
- (a) wus given \ o
. o) 1 2 3 4 5
S 9 -f11 1 11 10 10 1o
SURVIVAL | .10 11 11 12 11 lo. .11
~in | 10 13 12 14 11 1 11
 days 12 f13 - 12 15 12 12 - 12
e 13- .13 - 13 16 13 13- 12
14
‘Table 9 o
C. ﬁsinqtlcb x 10°% rat lymphooytes
: Contrbls Day aftar transplantation that treatment
. (a) - . was given
0 1 2 3 5 5
| ‘10 {120 120 12 9 1o 11
SURVIVAL 12 13 12 13 10 lo 11
in | 12 f13 - 13 15 11 10
days. 13 14 14 15 12 12 12
T 13 14 .23 15 13 12 13

It can be seen intraperitoneal washed rat lymphocytes

| up to doses of 100x10° (i e. 400 per tumour cell) have no

e
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. significant effect on survival.

Treatment“{ii). The eifact of washed 1mmuna rat ly@phocytes

"51van as a single intxavencus dose.

Because intraperitaneal 1ymphocytes might not pass'

on’ any potential transfer aubatance, rat lymphocytes were
also tried intravenously. This would give the best possible
chance of any auch tranafer to host cells in the bone marron,

spleen - cr 1ymph nodes. ,}

' rpable 10 - _
* using 50 x 10°

rat lymphocytes

Controls Dgy'aftéf transplantation
C(a) o 2
B R T RS © S 1
|SURVIVAL | 11 iz o1
4n | 11 2. a1
days .| & | . 12 . L1l
12 f13 13

At this staga of the work there had been complete
£a11uxe of in vivo therapy using washad viable 1ymphocytes4

(fram 1mmunized rats at a suitabla time) in 1arge doses
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fram within half onrhoor after tumour trénaplantation;
Washed lymphocytes had been used in thé classical manner
of Alexander’'s group, in oase of any'direcﬁ toxic effect \
of whole ifmthE ‘However it seemed possible some cofactor -
"gs) migﬁt be eSSehtial for the rat 1ymphooytes to expioss |
_ aﬁy acti#ity. The work them proceedod as in chapter 9,

E ansuring intimate contact of lymph components and tumour .
‘"calls by an in vitro phasa. When it had been established
that any activity resided in the 19s fraction, the |
following in tivo experiments were done. Just in case

. some othar un&iscovered combination of cellular and humora1‘
,components was. needed, the effect of whole lymph was campared

. to that of an equivalent " amount of 198 fraction.

Txeatment {111).( The effect of‘immuneclés fraotioh.

‘ Four groupa (control, T /U, V) of 5 mice were 1noculated
| with 105 tumour colls. (T) was given 0.5 ml, of 198

~ fraction 1nt:aper1tonea11y Sovminutes»lgter. (U). received
‘Q;S‘mi. doseo.of~1§a fraction.at 30 minutes 1'day,‘z days

and 3 daya_gftef inoculation. _&V)‘waslgivén 0.5 ml. of Iss‘

fraction at G’days,,7 days and 8 days after inoculation.



Tabla 11

Results of 0.5 ml, rat 193 fraction givan at

‘”1ntarvals after inoculation of MP 5563

Contrxols. | at 30 mins.| at 30 mins.
B and on days | 6,7,8.
—_— 1,2,3.
(a) T u v
- 13 20 20 15
| SURVIVAL- 13 23 21 16
1 14 24 25 16
| aays - 15 25 25 | 16
o 18 26 26

17

There 13 little effect after that of the dose ‘1vnn

"at 30 minutes.

Tzéaumenf (1v);‘

”_Qhe.éffect~a£ ﬁhola 1mmhné,ra€ iymgg, |

Tzaatment (111) was rapeated usinq 0.5 ml. whole 1ymph -

‘~}1nstend of tha 198 fraction.
: 10-30310 lymphoqytes , the firut dosea heing the highest

‘ cqnteat,-..“

Each dona contained soma
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" Table 12

Results of 0.5 ml, whole 1mmune rat lymg_
given at various Antervals after 1nocu1ation

of MP 5563

Control Jat 30 mins.] at 30 min: i Pn dayn

i on Gays 1, 6,7,8

R R 2,3 | =
fa) | ww C Uw_ vw
L 13 | a1 19 | 14
SURVIVAL | 14 . | 23 = 22 °. | 16
4n |14 23 [ 23 o . 16
days | 14 T 24 | 16
' 15 26 25 {16

Thase tesults ara ‘not nignificantly diffefendfram L
thosa 1n tablo (111) 80 that the afiect can all be attributed
to the 19s fraction. B | ’

COHCLUﬁIONS

Thronghout the treatment, the aonttoln revealad that

s tumour MP 5563 cells were. regularly

-(a) 1or 2. 5x10
" lethal to 'C,H mice within 14 days (b) zat lymph from
_‘ unimmuniaad 11tter matas was without eflect (a) 1n tha §
~‘dosas qivan the 1mmune componants shawaa no obvious efﬁect

on whole mice (althaugh 19s fraction. cnuld kill noxmal csﬂ

, mauae eeua :Ln vitro - (see chapter 9) (d) thc rat lymphocytes
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apﬁeaied viable and (e) aliqﬁoés of the immune lyﬁph that -
~ had been used 1n vivo ware effective when subsequently tested
| in vitro. | |

From thase controls and the reaulta in tables 7 - 12
‘:1t can ‘be conaluded that the effect of 1mmnne rat lymph 13
"'confined solely to its 195 cell-free fraction. presumably .
" in concert with camplament. | With the guaranteed contact
. of prior in vitro 1ncubation this 193 fraction can campletely
eliminate the succeasful take of MP 5563 (0.16 ml. neutralising
1 mill&on cells). In vivo.a dose rate 31 times higher
(0. 5 ml;/lo' cells)”diatributad 1ntraparitonea11y can onl}i
prolong survival and not effact a cure. It 48 a chastening

"concept to tumour therapy that the 99976% kill calculated -

- from fig 14 1s not enaugh to cura,tha survivinq 0.@2&%grow1ng

}on to kill tha mouse. Evan this ‘effect seems 1argaly confined
B to tha first dose givan at 30 mlnutes after tumour trans~“ A‘ -
plantatian, subsequent doses prolonging survival no better.

It may be ‘that this early dose of the rat 193 fracticn
:'15 lﬁagaly used up. by tho normal tissues of the mcuee before,
it can neach a11 the tumout calls. Accordingly larger doses
have not baen given for fear of side~ef£ects.\ With 1ater
doses,. either wsll establishad tumour may havé acquired a
’ protective coating of some kind (e. q. enhancing antibodies)

.or, with a series of dosas, mousa antibodies may have arisen

. ko loutralise the rat 195 fraction.
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| CHAPTER 11

GENERAL niscuss:on“

_ Befora diacussing the resulta of this work in detatl,
it 13 relavant to review the 1n£o:mation obtainable £rom |
'such studies and 1ts possible uses. A fundamental atudy
‘of the mode of growth and monitoring o£ plasmacytoma, and

'fffthe passible application of 1mmunotherapy to this kind of

‘”_tumour eould hava a bearing on human myelamatosia and its

; fuxther atudy 1n a centre where other work on this disease y
-'15 caxried out.if It is alao hopad to emphasiza thosa  «.;£
. areas whore further knowledge is xequired. | N -

o Qhe rate of growth of a tumour &epands at ‘the cellular |

1eve1 on the cell cycle time, the growth fraction. the degree |

. of- differantiation and the rate of cell loss.A The fasteat

"grcwing tumour would be one having a ahort cell cycle time,f
- a grcwth fraction of unity and no call. lona..; Such a ~ 
'c,situation is rarely found, except in the early stage- ofva
’» growth of nscites tumours (Lala and Patt, '1966; Frindel .

lffet al, 1967), and thia might account for the differeacea

]batween our exparimental model and human myelama, whichi‘;‘ﬂ_* 

‘ “[“gxows much more slowly. This difference may be caused

; by a longer’ cell cycle tima, a amaller growth fraction,;:
»"jsama loss of cells £xom tumour voluma or all theae. Thef '

gxowth rate of a tumour is important clinically since 1t



- 132
- may detgzminélthe’time~at which sympfoms appear, and also

| _the 11fe span of the patient. It mayaalso determine what

kind of piotracéed course'of treatment can be used.

The paraprotein produced by a plaamacytoma can often
be measnred in the serum and has offered a reliable vard-
)'sticklof‘the,progreas of the tumours. Since monitoring
- the4growth of tumoufa'haatlong been an obstacle to assessing
';;the effectivenesa of antitumour agents, the present
‘jvalidation of such measurements of the paraprotain 1eve1
iin the serum could provide the cancer gharapiat with a
useful g001 to study the effectivenasQ of the treatment

' of myelomatosis,. -

_ “The available methdds ofltreatment of human )
‘myelamatosis, as with other types of cancer, do not prcduca
a cure. They include the use of cortisone and melphalan
 vor other chemotherapautic agants with or without radio-
therapy.‘“ With the diagnosis mnde at tha average clinical
ptesentation, the _expected longevity of the patients with
older treatments was 18 months. (Bobbe, 1969). With the
Mlntensive chamothexapy uaed 1n the M.R.C. myelcma trial
i’this at bast can be extended by only 2-5 years. The . search

for a more efteetive method of treatmnnt is obviously needed.

It 18 wellknawn that while patients with myelomatosis
Ioftan have defectiva humoral antibody formation, their

“4a§11u1ax immune meohanisms appear to be intact. = If it were
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'pﬁﬁaibl¢vt6 :é;ée a colony of foreign lymphocytes capable
,ngfspscificaliy xejecﬁiﬁg the myeloma cells, it is likely
_ that wiﬁhin two weeks or so of their aﬂministrgtidn‘suéh
dé#ai i&ﬁphoéytes would be rejﬁcted hy‘ththost; - It would

‘;théfafora be éébential to know in quantitative terms how

ﬁnmany donor lymphocytes would be needed to reject a given -

estimate of tumour. Any alternativp use,of‘antibodies) 4

~ should be similarly studied.

:"Mdniﬁcrlng_plasﬁacytame

The aerum paraptotein 1eVa1 was shown to be diractly

iﬂ‘related to the actual number of plasmacytama cells. This
is prcbably tha first'time that the product of a tumour has

baen directly reiated to’ the actually counted number . of
tumour cells 1n a living animal. The stabla ascitic fo:m ‘

uj‘af this tumoux, and the use of the isotaope diluticn method

enable& an accurata count of the total number of tumouz

" cells. The gxtant\of growth of this tumour up to 120
millioﬁ cells was rafiectad'in the serum by the level bf”
“the paxaprotain it was producing. few mice survived

after 120 million tumour cells were :eachea, but 1t could

be predicted that abova these numbers the Sserum paraprotein '
level would no 1ongex aimply relater to the nunber of tumour
;cans because of the 1ata formation of a fistulous like

 cammun1cah1on between the peritoneal cavity and the ‘blood
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:J“éfream. This could also account for the late tall in the '
'”Klevel of the sexum total pxotein which was observed in some. o
mice. ' Earlier falls 1n aerum total protein could be ‘
expectad xim@xy by tranaudation into ascitic fluid, but this‘
did not signii icantly affect the serum 1eve1 of the para- (

protein 1tself.

In a 70 kg. man it was. estimated that the earliest
détection~o£ parapxotein in the terum\would oceur with aame:
143 gn. of myeloma or 9000 million aells (Hobhs, 1967).

22-25 gm. 03H mice it was observed that the earliest
detection of patapzotein occurred at 3 million cells. Sinee~'
the monae is about 1/3000 of the waight of the man, this o
exparimental obsetvation aupported the abave estimatas
(Hobbs, 1969).

 ‘ It therefoxe seemed that the paraprotein.level could
f:he used to monitor piasmacytame level.. Hownvar, the
',axperience with tha ptssant studies of PCS and PCG in
BALB/C mice (p.107 ) did show that this relationship was -

. only valid provided ths tumour aid not show further
biochemical dedizfarentiation. Indeed threa human patienta
.’have since heen encountared who showed the same loss of

"  paxaprotein production (biochemical daaifferantiation) as

<,cheir tunours in the same manner. changad to more rapidly

- ‘growing and more frankly 1nvasive tumours, resembling

.reticulosarcama (malignant‘dedifﬁagentigtion)._, Snoh‘a :_



change has however only been seen in a minority (3/500)
yof patients with myelqmatosis, and in them may have been

induced by prolonged chemotherapy. .

The immunological approaches to plasmacytome therapy

Immunization was'aone by injecting the tumour éell@ |
‘ subcutaneously and intxaperitoneally, below the diaphram
80 that the lymph from the lower end of the thoracic duct
should offer a good harvest. ‘ »

Tha dosa (BOxIOG) of tumour cells used for immuniszation :
was chosen 50 as not to rasult in 1mmuna tolerance. In one
: expariment, the rats had baan given 100&::106 tunour cells
in the same manner, and when ‘the rats were Opened for
Mcannulation, tumour foci were saen infiltrating many organs L
~of the body like kidnays, liver and intestine. A dose .
- of that oraer had beeaen high enough to rander ‘the rats

'tolerant to thaAmousa tumour. N

Immunoblaats were ahown to 1ncraasa significantly by
| day 3. aftar 1mmunization (Daloxme et al, 1969), and by day

N 8*10 the percentage of immunoblasts xeturna €0 pre-immunization )

I levels.- Cannulations were therefore done An the period

whare tha immunoblasts were expacted at the higheat 1evels,f‘
-and only for three days.«' This period was’ enough to exhaust o
' the rat o£ 1ymphocytes, the output being greatly raduced

' thereafter.
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hiéhest level. Even Af asAsuggasted only 5% of the
tranaplantad iﬁmoﬁr ce113~grew, the other 55% would still
have used up 1mmunob1asts since they still -had 1mmunologica1
determinants on: their surface.» Thus, on day 0, the
administration of 25, 50 and 100 million 1ymphocytes.
'correspondad to 100,200 and 400 lymphocytes per tumour
cell.,g Assuming 8% of these lymphocytes were immunoblasts
(collected at day 3 after the booster dose) then this
j  wou1d correspond to 8, 16 and 32 immunoblasts perxtpmour
| cell reapectively. In'that dose raﬁge they shbuld‘destroy‘
the tumour, 1f they are going to he effective, for. in some
"experimental modals as 1ittle as only one 1mmunoblast was
j'shown to be needed to aestroy aach tumour cell (Perlmann .
*4;and‘Ho1m,~;959), j In apita of the present experimental
design btfaring‘thg_bgst chance of success, no effact was
obsarv&d.'-’ | | |
If the mouse 8 own 1mmune mechanisms had reacted

r ~aga1nst the tumour, and thia raaction had ‘been of a &elayed
hypersensitivlty type, then synargism could have been shown “;
‘between the administared lymphocytea and the mouse 8 own ‘ |
f‘wlymphocytes at any period of the On5 days during which the :
traatmentswere triag. ' None was observed, and further
avidenca that thera was no such reaction can’ ba de&uced
 ‘frum the experimants showing mice givan irradiatian of
" 550w showed ‘the same latent period and doubling time as’

vthe non~irradiated mice.



Eatablished tumours had been proved not to respond ,
‘to- 1mmunothatapy (Alexander et al, 1967), 80 that treatmsnt S-f
7of the tumour'more than 5 dayl after trunsplantation was . N
~n9t attamptad. : Sinqg Alexander(et alt_balieve that,the
;i efféct of lfmphocytés neéa‘ﬁo£ Bé a &iﬁect'effeéﬁ,-bﬁt
_.€an be due to an 1ndiracgt’aftect initiated by thc donor
:'lymphacytes and - campletea by tha hoat, intravenous o '
 ‘xinjeations wexe tried. These alsc proveddta be ,‘

;‘1neffective.

"f What accounts for this failure 1s unknown Ditferent
workers have found different kinds of immunological
‘reactions to the tumours in the: models they use&.__;

o LymPhocytes, or their RNA, were provad by Alexander s

"ﬂgroup to be affective againat chamically-induced (3 4

A-benzpytane) tumours 1n rata.IA In other systems (Brunnar,

,"Mauel, Cerrotini and Chapuia, 1968), lymphoqytss were

prevented fxom aoting on target cells by the presence

Aicf anhancing antibody.fi This ia nnlikely to be tha case

:1n our system, since the lymphocytea wera still not ,
'effective even when previously mixed and injected with |

ujtumaur calls which ‘had been kept 1n tissua culture before an
’anhancing antibody could develop and find 1ts way onto ‘."Q 
,the tumour cella. . In still other systams particularly e

~ in Leukaenia,. Burkitt lymphoma and melanama in man, and -

L ‘inhvixa11y~1ndnced leukaemia or lymphamas in experimentgl'
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antmals, antibodias di:ected against the tumour specific

P

R transplantation antigenn havo been proved to be qytotoxic.

_ The 1ne££activenesa of tha washed rat 1ymphocytes
'“}alone to affect the tumour 1ad us to search for an . :
)“oPsonizing factor (1ika that deacrihed by McLennan, Loewi
jvand Howard, 1969), which might act in conjunction with

the lymphocytes. Due to the camplexity of in vivo ;! \
reactions and the posaible involvement of unknown factors,

' studies were £1rst made under 1n vitro condftions. A
 'crit1ca1 analyais of tha cytotoxicity which was tound :
i/offexed a possibility of applying 1t as an in vivo treatment."

The cytotoxic effect found waa shown tc he mediated \

only by the 19s fraction whiah presumahly contained IgM

‘f‘antibodies.‘ This raaction was' 1nact1vated by heating

'( antibodies.{~

to 56%c for 30 minutes and presumably 1nvolved the
V’Vfixation of complement.  This ‘would be egpected ﬁor'igm :
" The partial oytotaxic effect of tha first 73 fraction
. was shown by recycling to be due to the presenca of same

19s fraction (tanmg from the front peak). o1t could

;,‘have been that some cytotuxic efﬁect had. switche& ovar fl

from a. primary 1Qs IgM response to a aecondaxy 7s IgG
”ifone, as the rats were given more than one. dose of 1mmu— _ j
‘ fpization, | Howaver, the effect was abolished when the 7s

'”1frégtion wésltécyclgd th:pugh ‘the column,and freed from
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any oontamination from the 19s fraction.":A
‘ '-The possible application of tho 19s ftaction in therapy :

"of the plaamacytama was. conaiderad, and there 1s an 1nteroat1ng  _

,:Aanamaly betwuan the 1n vitro and in vivo rasults. The /
'ziprior in vitro ‘exposure of MP 5563 to 19s fraction complotely o
‘_pravented subsequent tumour growth. Usa of 193 traction

;1n vivo, evon only 30 minutes after 1ntraper1toneal inoculation
'éof MP 5563, could not aohievo this. The calculations in =

‘fig.]A. p,lao r auggest that 1n vivo doaago probably prevented

| ﬂ’f‘a99 WK% of the tumour cells from growing, howevar the remaining

0 Qﬁﬁ,did evontually k111 the mouso. <Y is encouraging that
ﬁ;mmunothorapy appears to hawa hera effocted & 3 75 log reductian'
in tumour cell numbera as against tho 3 log reductions f |

: achievad with chemotherapy or radiothorapy, but nevertheless y

» P
%‘this waa atill not enough.' In some wayb 024s of the tumour

, oells have escapad the action of the 19s fraotion 1n vivo.“
4W1th the: guarantoed contact of prior 1n vitro exposure they "
a1 not. | | |
One posaibla mechanism was an 1n vivo . raanotion 1n the
‘effeetivaneas of the 198 fraotion, becaune ‘as was shown 1n
. expt. 5, p.llS, this £raotion also aoted agalnst normal
1 _ce11s‘o£ CSH mice. The normal tisauas of the mouse oould
~tharo£ore have used up much of the fraotion, even though

the dosaga rate was some 30 timas grenter than 1n vitro.



,'No obvious 111 effect on tha mice was noted, but one group
.of mica given larger doses appoared to die from something
w resemblinq runt disease.n'cA full study of increasing)_
~the~dqaage of 19s fracgion was thnrefore notlungertaken;\

' ‘Rather attempts are continuing to prepare a tumour specific

o treahnent, by aBsorbing the 193 fraci:ion with normal 033

. ‘mouse cells. ' An attempt 18’ also to be made to encourage

'“in addition a cellular reaction by chamically modifying
:thc MP 5563 antigen, for in theory campetent immunoblasts
«gcould hunt out the in vivo tumour more effectively ‘than

- a 195 antibody.'

| Another paasible explanation for the in vitro - 1n
“T‘vivo anamaly is that 1n vivo some tumour cells became
| inaccessible to the 198 antibody. They might have reached
‘ somaxpockat which did not anbsaqugntly allow access of 193
moiecules, nut‘éﬁentnnilj the mice diéd nith fréévtumbnr

cells in the ascites. What ‘seems more prohabla is that

“f\v\vulnarable ‘gites on the tumour cell surfaces acquired a

'f\protective coating of some . kind. Should enhancing anti-

"bodies eventually protect the late tumour, it is conceivable

that a few molecules could have been available ab initio,»

~ and could have protected the Olﬁﬂ% of cells apparently

'surviving the first dose of 193 fraction. This hypothesis
s to some extent supported by ‘the observation (p.126 ),,~«
that the first dose of 193 fraction is the one that is most »
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'effecﬁive,»Subséquen€°dnseq prolonging survival a0

fnrthét. The ralativé'ineffactlvenebs of“ﬁreatmant'j

'%.'first given aftar 5 days alao suggasts the ‘tumour cells

. have become protected 1n some way. - of course as dosage

~.>of rat 193 fraction 1s continued, 1t ‘could. be ‘anticipated 3

i that muse anti.boﬁies would ar.{ae emd in £act neutralise
-the rat pxoteins, so that treatment was not - continued
for more than 4 days.~ Furthe:more serum sicknesd could

‘§ave camplicated 1arger or extended doses.

There still remain unanawered questions. B if

a:indeea 1ate tumour becomes protected with enhancing

antibadies, then it follows that the ascitea harvested

| for continued experiments should contain protected cells.

Yot tha in vitro tests show no protection. It could be
Vthat enhancement is 1mportant only 1n the exponential ,'
f;phase, and that as the tumour gains the npper hand evan"

>j enhancing antibody formaticn 15 suppresaed by high dose1
'tolerance. ) Thereby the late haxvest would no 1onger :
)be protected in vitro., Yet, in vivo treatment at this

1ate stage seems inaffective. What kina of protection-:*
can appear to be so evanescent. when comparad in vivo ’

and in vitroa
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SUMMARY.—The growth of ascitic mouse plasmacytoma 5563 has been
monitored by 51Cr-RBC dilutions within the peritoneal cavity together with
differential cell counts and protein measurements.

Following the intraperitoneal transplantation of one million tumour cells,
there is a latency period of 4 days, possibly explained as only a 5%, survival of
the inoculum. 'This is followed by logarithmic growth from 4 to 8 days with a
doubling time of 18 hours, always similar in different animals. Eventually
after 8 days and after about 100 million cells an asymptote is reached which is
due to a fistula-like communication between blood-stream and peritoneal
cavity. This terminal phase (9-10 days) is rapidly followed by death of the
mouse.

Reliable tumour cell counts can only be achieved between 4 and 8 days.

TaE growth characteristics of a transplantable protein-producing plasma cell
tumour (MP 5563) in ascitic form were studied before assessing the paraprotein
level in the serum as an index of tumour growth.

Klein and Revesz (1953) stressed the advantages of using ascitic forms for
studying tumour growth. After inoculation there was a ‘‘ latency period ” of a
few days and of unknown aetiology during which tumour growth could not be
recorded. Thereafter they described a ‘ cube rate phase ”” in which they found the
cube roots of the cell numbers were linear against time and similar to findings
with solid tumours. Finally followed a ‘ terminal period ” with an apparent
fall-off in tumour growth. Steel (1968) using the results of Baserga (1963) and
Lala and Patt (1966) for Ehrlich ascites tumour described a slowly progressive
increase in cell loss to as high as 909, before death and assumed this was due to
the death of many of the tumour cells formed. None of the above workers used
an internal standard to control the assessment of the ascites and its cell content.
The present study used intraperitoneally injected isologous #'Cr-labelled red cells
to monitor the recovery of ascitic fluid and the integrity of the peritoneal cavity.
With this safeguard a simple exponential growth was observed between 4-8 days
after inoculation until a fistulous communication occurred between the peritoneal
cavity and the blood-stream which invalidated all subsequent cell counts.

MATERIAL AND METHODS

The tumour MP 5563, a plasmacytoma in ascitic form, from C3H mice was
kindly supplied by Dr. B. A. Askonas of the National Institute for Medical
Research, Mill Hill. A single colony of C3H mice bred from pairs supplied by
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the Medical Research Council’s Laboratory Animal Centre of Carshalton was
used throughout the experiments reported here. Other colonies were tried and
gave similar but not exactly comparable results.

Isologous red cells were freshly labelled with 1Cr by the method of Mollison
and Veal (1955). These were injected intraperitoneally and left for 10 minutes
before recovering ascitic fluid. The syringe used was counted before and after the
injection so that an exactly known dose was delivered. At the time of the
peritoneal wash-out, blood was also taken from the orbital plexus using a pasteur
pipette, and this was checked for radioactivity to see if any of the intraperitoneally
injected red cells could be detected.

Recovery of ascitic contents from mice killed by cervieal dislocation was made
by using a syringe containing 1 ml. of counting fluid (Disodium EDTA 1.58 g.,
trisodium EDTA 1-82g., tetrasodium EDTA 0-32 g., sodium chloride 65 g.,
409, formaldehyde 1 ml., distilled water to 1 litre). The fluid was injected
intraperitoneally and then the syringe was gently pulled to and fro three times in
one minute before finally aspirating an aliquot for counting both its radioactivity
and then its cell content. Cell counting was done using a Coulter counter set at
ACS2, threshold 42. Control cell counts were made from uninoculated mice, to
assess the number of normal peritoneal cells that could be aspirated by the same
procedures.

In a few animals the final aspiration was made as completely as possible,
opening the abdomen to collect the last few drops. The radioactivity recovered
was then used to check whether this long used method could satisfactorily estimate
the total ascitic cell content.

Samples of the peritoneal wall and gut were prepared and examined histologi-
cally for invasion by the tumour cells, thanks to the kinduess of Dr. D. J. Evans.

Protein studies were made of the serum and the ascitic fluids using methods
described elsewhere (Fakhri and Hobbs, 1970).

Main Experiment

Harvested ascitic fluid containing tumour cells was adjusted with saline to
contain 5 million cells/ml. Into each of 40 C3H mice, 8-12 weeks old, 0-2 ml.
of the fluid (1 million cells) was injected intraperitoneally. The mice were kept on
a B4l diet, and six toa cage. At the same time, each day following the inoculation,
four mice were given the 5Cr red cells, killed 10 minutes later by cervical dis-
location and the above tests performed.

The whole experiment was repeated in the same colony 6 months later, and
again 6 months after that, in order to assess the stability of the experimental model.

Experimental Study of the Latency Period

A separate group of 20 mice were given whole body irradiation (550 R, 250 kV
X-rays, known to suppress their immune responses) and subsequently transplanted
and studied as above.

RESULTS
Recovery of ascitic fluid
From a 1 ml. insulin syringe 99 to 99-59, of a given dose of 51Cr-labelled red
cells could be delivered into the peritoneal cavity. Knowing the dose actually
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given it was a simple calculation from the radioactivity and tumour cell numbers
in a subsequent sample of ascitic fluid to estimate the total number of tumour cells
within the total ascitic fluid. In a few animals complete aspiration of the ascitic
fluid followed by opening the abdomen for the last few drops, only recovered from
92 to 94%, of the given dose of radioactivity. Up to the end of 8 days after the
tumour inoculation, 5Cr-labelled red cells could not be detected (<0-19,) in
the blood from the ‘orbital plexus, but were regularly found by the end of the ninth
day.
yThree phases of growth were noted similar to those described by Klein and
Revesz (19563) and these are seen in Fig. 1.

Latency period

For 4 days it was not possible to record a significant difference in total cell
numbers, allowing for 1 million inoculated tumour cells and the average of 0-6
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F16. 2.—Tumour cell numbers over the days following transplantation of 1 million cells. If the
exponential phase (4-8 days) is back-extrapolated it cuts the ordinate at 5000 cells, i.e. if
only 59, of the transplant survived, growth would have been exponential up till day 8, where-
after fistulous communication invalidates further counts.
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to 1-0 million cells which could be washed out of uninoculated mice using the same
procedure.

There was no significant difference between the growth curves of the tumour
in irradiated and normal mice. If the exponential phase growth line (Fig. 2) is
back-extrapolated, it cuts the inoculation time at 5000 cells.

Exponential phase

Between 4 and 8 days the cell numbers increased in simple exponential fashion
(Fig. 2). During this phase the peritoneal cavity became distended as a tight
ball (Fig. 1), no 1Cr-labelled red cells were detected gaining the circulation within
10 minutes, and the mice were alive and in good shape. The ascitic fluid had
lower albumin and higher paraprotein levels than the serum (Fig. 3). Histological
examination revealed no invasion of the peritoneal lining.

Terminal phase

Usually after 8 days and always after 9 days a visible change occurred (Fig. 1).
The mice became listless, were now triangular in shape due to subcutaneous
oedema and the tension was lost not only from the abdomen but also from the
eyeball (noticed when bleeding the mice). The ascitic fluid was now often
blood-stained and 51Cr-labelled red cells were rapidly detectable in the retro-
orbital blood ; indeed, calculated as radioactivity/g. red cells there was no difference
between the ascitic and systemic red cells at 10 minutes. There was also no differ-
ence between the ascitic and serum levels of albumin or paraprotein (Fig. 3).
Histology regularly showed invasion of the peritoneal wall and tumoyr cells were
seen in clusters adherent to the lining. The mice usually died on the tenth day.

Stability of this experimental model

There was no significant difference in latency period or growth rates at two
6-month intervals, representing 25 and 50 passages of our initial sample of the
tumour. This itself must have had some 600 passages since it was first found
as a spontaneous tumour in 1956. Accordingly all our data have been pooled
in Fig. 2. During the exponential phase the doubling time was 18 hours, and in
all the individual experiments this only varied from 18 to 20 hours. However, it
was observed that whereas 1 million cells were initially needed for a certain

EXPLANATION OF PLATES

F1a. 1.—Inoculated mice during the three growth phases. (a) Latency period, day 3. (b)
Exponential phase, day 8. (c¢) Terminal phase, day 9. Observe the tight ball of distension
confined to the abdominal cavity during the exponential phase. This has gone in the
terminal phase, the shape is more triangular with oedema extending up over the chest to
the face.

Fra. 3.—Electrophoresis of serum and ascitic fluid during oxponential (above) and terminal
(below) phases. Above, the difference in levels of total protein, large mol. wt. a,-globulins
and paraprotein indicates the relative integrity of the peritoneal membranes. Below
equilibration of all levels confirms fistulous communication between the peritoneal cavity
and the circulation.

(a) Total protein = 55 g./100 ml. M protein = 0-1 g./100 ml.
(b) Total protein = 4-2 g./100 ml. M protein = 0-15 g./100 ml.
(¢) Total protein = 4:30 g./100ml. M protein = 0-45 g./100 ml,
(d) Total protein = 4:25 g./100 ml. M protein = 045 g./100 ml.
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take, and an inoculum of 800,000 cells was usually a failure, by the end of the
year a take could be achieved with 150,000 cells. At 18 months, inoculation
has once been successful with only 20,000 cells. Despite this apparent increase
in ““ virulence ”’ of the tumour, the growth rate and protein production remained
stable (Fakhri and Hobbs, 1970).

DISCUSSION

During the exponential phase (4-8 days after inoculation) the evidence supports
the integrity of the peritoneal cavity, and shows that ordinary attempts to recover
all the tumour cells are likely to fall short by some 79,. Isotope dilution of 3Cr-
labelled isologous red blood cells overcame this problem in the present study and
also clearly showed the development of a fistulous communication between the
peritoneal cavity and the blood-stream during the terminal phase (9-10 days).
This was also supported by the other evidence of change in shape, low blood pres-
sure in the orbital plexus, loss of tension of the ascites and equilibration of cell and
protein contents. Cell counts of ascitic fluid beyond the 8th day therefore no
longer represented the total number of tumour cells.

) The growth curve of this tumour is similar in many aspects to what other

workers have shown. Thelatency period described by Klein and Revesz (1953) has
been thought to be due to immunological resistance by the host. If this had been
true, the tumour in the irradiated group should have grown without this phase and
the number of cells would be 8-16 times that of the control group after a few days
(doubling time 18 hours). This was not the case. Sparck (1969) has also shown
that prior sublethal irradiation of the host far from enhancing subsequent tumour
growth in general impairs it. An alternative explanation for this period could be
that only some 5%, of the inoculated cells survived as viable, replicable cells and
then simply grew exponentially. The inoculum usually does come from a spent
host.

Simple exponential growth (4—-8 days) can be explained by the binary division
of cells and will occur in any closed population in which the generation time and
the fraction of cells partaking in the division process is constant (Frindel ef al.,
1967). It seems that the .cell loss during this short growth period is very small,
and that most cells undergo mitosis so that the doubling time is similar to the time
of the complete mitotic cycle. The present observed time of 18 hours is identical
to that found in other mouse tumours (Baserga, 1963 ; Frindel, Malaise, Alpen and
Tubiana, 1967).

In the terminal phase (9-10 days) an asymptoteisreached. There appearsto be
a complete equilibrium between the blood and ascites. This will lead to a major
loss of the tumour cells into the blood-stream. A relatively physiological limit
was placed on the follow-up by the death of the host.

Other causes for the asymptote have been shown. Baserga studying the
- Ehrlich ascites tumour claimed a constant mitotic cycle of 18 hours, but found a
progressive decline in the growth fraction. Lala and Patt (1966) studying the
same tumour claimed that in addition there was a lengthening of the mitotic
cycle to 22 hours; however, their claim for an initial mitotic cycle of 8 hours is
unconfirmed. Steel (1968) also showed the contribution of cell death with a cell
loss fraction claimed to approach 95%,. It is therefore possible that the use of
terminal ascites for further inoculations may be followed by a great deal of cell
death, and that this best accounts for the latency period.



394 0. FAKHRI

This work is now solely supported by the British Empire Cancer Campaign
for Research, following & helpful interim grant from the Wellcome Trust.

I am also most grateful to Dr. J. R. Hobbs, Dr. T. A, Connors and Dr. M. E.
Whisson for their helpful advice and encouragement.

REFERENCES

BaSERGA, R.—(1963) Archs Path., 75, 156.

Faxuri, O. axnp Hosss, J. R.—(1970) Br. J. Cancer, 24, 395.

FrinpEL, E., Mavisg, E. P, Avrexn, E. AND TUBIANA, M.—(1967) Cancer Res., 27, 1122.
KreIx, G. axp REvEsz, L.—(1953) J. nain. Cancer Inst., 14, 229.

Lava, P. K. axp Part, H. M.—(1966) Proc. natn. Acad. Sci. U.S.A., 56, 1735.
MorLizsoxr, P. L. aNp VEaLL, N.—(1955) Br. J. Haemat., 1, 62,

Sparck, J. V.—(1969) Acta path. microbiol. scand., 72, 1.

StEEL, G. G.—(1968) Cell T'issue Kinetics, 1, 193.

Made and printed wn Great Britain for
H. K. Lewis & Co. Ltd., by
Adlard & Son, Ltd., Bartholomew Press, Dorking.



Reprinted from
The British Journal of Cancer,
1970, Vol. XX1V, p. 395

THE SERUM PARAPROTEIN LEVEL RELATED TO THE NUMBER
OF PLASMACYTOMA-5563 CELLS IN C3H MICE

0. FAKHRI a~xp J. R. HOBBS

From the Department of Chemical Pathology,
Royal Posigraduate Medical School, London, W.12

Received for publication January 21, 1970

SUMMARY.—An ascitic form of plasmacytoma (MP-5563) in C3H mice has
proved stable on transplantation. A simple linear relationship was demon-
strated between the serum level of the paraprotein produced and the total
number of plasmacytoma cells within the ascitic fluid.

NATHANS, FAHEY AND POTTER (1958) showed that the total daily production of
paraprotein by a solid plasma cell tumour in mice was proportional to the weight
of the tumour. Later, Osserman, Rifkind, Takatsuki and Lawlor (1964) showed
that simple measurement of the serum level of the paraprotein was directly pro-
portional to the weight of tumour, up to about 2 g. Thereafter necrosis of the
tumour probably accounted for a failure of the relationship.

The present study was made using an ascitic form of plasmacytoma in mice to
see if the serum level could be directly related to the actual number of tumour cells,
i.e. whether the serum level could be used to monitor the tumour growth.

MATERIAL AND METHODS

The tumour MP-5563, a plasmacytoma in ascitic form from C3H mice was
kindly supplied by Dr. B. A. Askonas of the National Institute for Medical
Research, Mill Hill. This tumour has been shown to produce a yG,, paraprotein
with an electrophoretic mobility in the post-g, region (Fakhri, 1970, Fig. 3).

The transplantation was carried out by adjusting the ascites with saline to
contain 5 million tumour cells: 0-2 ml. of this fluid was injected intraperitoneally
into 8-12 weeks old C3H mice. The mice were kept on By, diet, six to a cage.

Measurements were made starting 4 days after transplantation, when the
ascites was not yet obvious, and then daily. A blood sample was first collected
with a pasteur pipette by puncture of the orbital plexus; this manipulation was
easily done if the animal was anaesthetized. The animal was then killed by cervi-
cal dislocation, tlie ascites was collected, measured and the cell content enumerated
as previously described (Fakhri, 1970).

Total protein was estimated using the specific gravity gradient tube of Lowry
and Hunter (1945), as the biuret method was shown to underestimate the yG
paraprotein by some 3%, against an albumin standard and also required more
serum for the estimation. Serum was electrophoresed at 25V/cm. for 65 min. on
cellulose acetate strips in barbitone buffer pH 8:6, 0-05 M. The serum was applied
as a fine line on the edge of a microscope slide, which was then touched onto
the cellulose acetate strip. Straight bands resulted with clear resolution of the
paraprotein from the normal g1 (Fakhri, 1970, Fig. 3).
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After staining with naphthalene black 10B (Hobbs, 1965) the paraprotein
band was estimated as a percentage of the total dye uptake measured by trans-
mission scanning using the Zeiss Extinction Recorder Mark II. The paraprotein
percentage of the total protein was then calculated in g./100 ml. and by the above
methods this could be reproduced to within 0-05g./100 ml. Since the para-
protein was superimposed on the residual normal immunoglobulins the overall
accuracy is probably only within 0-1 g./100 ml.

RESULTS

The growth characteristics and cell kinetics of this tumour are recorded else-
where (Fakhri, 1970),
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0.2

SERUM PARAPROTEIN LEVEL g/100ml.
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L 1 s s N L L L
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MILLIONS OF PLASMACYTOMA CELLS IN THE ASCITIC FLUID

Fia. 1.—The serum paraprotein level is directly proportional to the number of tumour cells
between 4 and 8 days after transplantation. Cell counts are unreliable before and after this
period.

The paraprotein was first seen in the serum when the ascitic fluid contained
3 million plasma cells. The level of the protein in the serum increased as the
tumour grew, showing a simple linear relationship (Fig. 1). The paraprotein
level still showed this relationship even though the total serum protein levels
often fell. In control mice the total protein values ranged from 5-3-6-5 g./100 ml.
In inoculated mice with 5-120 million cells the total protein levels ranged from
3-8-6-2 2./100 ml. Above 120 million cells, total proteins fell to 2-5-4-5 g./100 ml.

It is worth recording here that two ascitic plasma cell tumours in BALB/c
mice were initially studied. It was found for both these tumours (PCs, PC6)
that the paraprotein production fell off with subsequent transplants. There also
occurred 2 shortening of the time (from 16 to 9 days) in which the transplant
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killed a mouse, with an increase in the amount of haemorrhage into the ascitic
fluid. The reduction of paraprotein synthesising capacity was paralleled by an
increase in the aggressive behaviour of the tumour; biochemical dedifferentiation
paralleled neoplastic dedifferentiation.

Furthermore it was possible to grow the C3H tumour MP-5563 in the BALB/c
strain after challenge with a high dose (over 5 million cells) but the tumour failed
to produce protein in the strange host.

DISCUSSION

The measurement of tumour growth is essential in the assessment of anti-
tumour agents and the serum level of paraprotein has proved useful for this pur-
pose (Rosenoer and Whisson, 1964).

The stable ascitic form of the present tumour and the isotope dilution method
of Fakhri (1970) enables an accurate count of the total number of tumour cells.
The extent of growth of this tumour up to 120 million cells is reflected in the serum
by the level of the paraprotein it is producing. Few mice survived after 120 million
tumour cells were reached, but from previous work (Fakhri, 1970) it could be
predicted that above these numbers the serum paraprotein level would no longer
simply relate to the number of tumour cells because of the late formation of a
fistulous-like communication between the peritoneal cavity and the blood stream.
This could also account for the late fall in the level of the serum total protein
which was observed in some mice. Rarlier falls in serum total protein could be
expected simply by transudation into the ascitic fluid but this did not significantly
effect the serum level of the paraprotein itself.

In a 70 kg. man it was estimated that the earliest detection of paraprotein in
the serum would occur with some 43 g. of myeloma or 9000 million cells (Hobbs,
1967). In 22-25 g. C3H mice it was observed that the earliest detection of para-
protein occurred at 3 million cells (Fig. 1). Since the mouse is about 1/3000th
of the weight of the man this experimental observation supports the above esti-
mate (Hobbs, 1969).

This investigation has been supported by a grant from the British Empire
Cancer Campaign for Research. We are also grateful to Dr. T. Connors and
Dr. M. Whisson for their help and cooperation.
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