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", vphage precursors in the bloodstream.

>

o ABSTRACT - . -

. ) . L ' ~'~\ .
An original method" for counting macrophage precursors from
)

'peripheral'blood.is presented' The interest in developing this method

lay in an unresolved qqestion about macr0phage behaviour in patientS'

? - . -

t

with‘cancér.

“

It is known that patientsﬁhith advanced cancer have reduced cell-

mediated immunity, -as shown by poor delayed resbonses to intradermal

'}

inJections of a'wide range of _microbial antigens. -Furthermore it has ‘

’ >

been demonstrated that the gellular response to -abrasion. of the skin
)

in tancer patients shows a significant reduction in the number of

)
& -

macrophages appearing, when compared with the same response 4n control

_individuals. It ds likely that the reduced macrophage response and the :

» reduced cell-mediated immune response are causally related.. This

u

°reduced mononuclear response could be due to a numerical reddction of

v
w

macrophage _ precursorE in the bloodstream.- The objective of this thesis

‘was to, investigate 'this possibility by counting the number of macro—' -

o &

. .
° . . . ¢

The method for counting macrophage precursors entails culturing"

A ) ' -

a leukoeyte suspension for seven'days. During this period of - o
incubation precursor cells develop into macrophages. The macrophage :

preparations can be fixed in situ, stained and the macrophages counted.

»

No preferential loss of any type of white cell was observed during the

Py

\various stages of preparation of the leukocyte suspension, thus

w

@ "indicating the.validity of the method Furthermore the macrophages

are no dividing cells under these conditions. Tests of reliability '

of the/methbd vere considered satisfactory. , \ oot

LI

o
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vt , The number of macrophage precursors in,24 healthy adults averaged

Al

:3-—4? of the Lhite cells and the counts were linearly related to the

' ki

total number of white cells ih the blood The higher the total nnmber .

. of white cells, ‘the higher th 'number of macrophqge precursors.

In a preliminary study sdiven patients yith-. cancer vere compared

- " e

'-with seven healthv control sub ects; there'was‘ no significanf

difference in the. number of ma rophage precursars in the two groups.. '

Thus -1f these preliminarv res lts are confirme;d the reduced macrophage’

>
o .. 0

emigration onto skin windows that has been observed by othefs in cancer

patients can best be explained by a failure of chemot:actic mechanisms.

!

4
« N ‘ 1
'Statistical analysis ol’ the haematologic dlata,in the cancer group as

) . 4

. .compared with the healthy controls revealed one’ significant “di'ffe'_rence._é

~

In healthy people the number of macrophage precursors correlated-.: ’

6. i
—-—— B f P

"positively with the total white c&ll éount; on the other hand, in the

cancer _Broup there was no such correlation. This .difference' between

correlations in healthy controls and cancer patients is statistically

LN

~highly significant. : o

. . M
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, # - INTRODUCTION -,
REVIEW_\OF THE RELEVANT LITERATURE. -

Canéer: Evidence for Benificial Role-of Immune Mechanism,

(a) S;fontaneous Regression.

v
”n
~

~r (b) Tumour:‘AnEig'étlg. L ST
(¢) * Specific Immune Response- Against Tumour 'Ant‘:'ige'r‘tg.‘

- “. (1) C:chq].atiné anti-tumour ant';ivbodies‘.
. / .., (1) ‘Cellular immune reapohse in vitro.

- et

Role of Macrop:nageé in Cell

-

-Mediafed Inmunity. '

oy (a),- Origin and Function of Macrophages.
o) ' - ~ :

) ) Role of Macrophages in Delayed Hzl';/e'rsenaitivitz. ! '

 Non~Tumour pecific Changes mhe Immune System in Patients WithT’ Cancer.’

'(a) The Antibody Respgnse.

Specific ‘Cell—Mé;aﬁed Immunitys -,

(1) Delayed hypersensitivity.
1i1) Graft rejection.

<

. " Cellular Response to Mechanical -Irritation of 5
P ) : ‘

N
\
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5 INTRODUCTION-.. - .. §7%.
’ ' :i_ ._;}'
REVIEW OF THE RELEVANT LITERATURE - - : SR

" to the antigen and mount a specific immune response. ‘ i .

T ~Macrophages, the topic o?'s this thesis, are part of the sfy'stetn

of phagocytes defined by, Aschoff in 1924 which he ,,named the Reticulo=-

'Endothelial system (RES) The function of RES cells is well established

to be that of scavengers, removing -particles, tissue debris, efj:',ete

A

cells \et‘ag. .o, andtindeed it is by sugh & Functional test’ that the cells

o

of the RES were identified. Thus the .function of these cellsg is relatively

“

non—spebific. ~ However macrophages dre also-esgential for the proper -

[ - RN

functioning of the 'ant'igen-specific’cells of, the immnne‘system, the

LN

1y'mphocytes. Here it~ is evident that prior treatment of .some antigens

) by macrophages is necessary before the 1ymphoc tes are ‘able to res ond~ T
¢ P

o . ]
o

A_third involvemen}: of marcrophages\in immunity is reveal_eci'

when we consider thé effet:tor function-of the snecific cell-mediated

T [
immune response. It 1is evident that non—specific cells, including

I3
L T -~

-macrophages, play a vital role here; in their absence an expression

of cell—mediated immunity, such as the lesionlof delayed hypers’e.nsitivity,

vl .
&

. : L i
In this thesis we are interested in patients with cancer. Such:

l
cannot be elicited.

L

patients have been shown by many investigators to have reduced cell- .

media,ted ipmunity .(C.H.I.) . These resulgs ccrrelate positively in a

most interesting manner.with reducedlmacro‘phage emigration onto the ° C

~ A f ° . .
. . e » ; y

coverslips that‘ are empl:cSyed in the "skin window" technique. Since



¢ .

o e

1

. C.M.I. may be important in eliminating tumour cells it seemed worth-

while following these observations. Our intention was to see if the '
. ‘j -
failure of macrophage emigration ont:Q joverslips was due to a re—

duction in the number of macrophage ?pn: cursors in the bloodstream,

1

'since it is known that macrophages adhering to such coyerslips

.

'are derived from;a circulating{}b};e&lrsur cell. -
.{”} - < i R
- . . { &

flancer: Evidence for Beneficial Role of Immune Mechanism. .0
5 Fd .

. (a) Spogtaneous Regression: Con\_rincingly documented cases of .

spontanéous regression of cancer .(Smitherst, "1964; Everson and-Cole, 1966)

- ! . -
' ¢

and‘the more common instances: of, patients who survi've for 1dng periods -
> .
- in apparent biological equilibr‘fum with their .cancers suggests that

there is some form of control mechalnism Naturally an itnmunological
‘mechanism has been suggested. .A'lthough these regressing cancers are
_rare, they are ~neverthe1ess fre&_uent enough to suggest‘lthat‘ .sometimes‘ -
the growth of malignant tumours is s]:owed ‘and ﬂeven stopoed by some

'type of inhibitory reaction. = =~ ‘

(b) Tumour Antigens: Although research imto possible involvement =7 |,

1 \ -

. \ - ‘ ’ :
of the immune system started from the end of the last century, there

was no great progress :{.nitially. The main reason was that the ex-—,

periments involved tr.z;xsplantation of tumours into genetically different

animalsc, where they were of course rejected like any other homograft.,

.

'I‘hese studies inled to prove that the common transplantable tumoura’
of rodents contained tumour—specific antigens (Woglom, 1929) The

?‘first recognition that pure-line mice must be used if reproducible

o, . ° .
r‘ L » ¢ ]
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results were'to be'obtained in . the study of transplantable‘ cancers

' was made by Little. in 1941 and it was only when tumours began to be

'J
transplanted into genetically identical (syngeneic) animals . that the

a

presente of ‘tumour-—specific antigens‘tc-oul_d‘ be proved. L -- .

Neoplastic cells were then found to be antigeni‘caltl'};_‘diff_erent

i

_from the normal tiséue cells of their hosts in virtually all ‘experimental

ttm"four-sy’s'tems tested; the appeafance' of new tumour-si:ecific é(tig’ens .

,was clearly demonstrated.in the experiments of, Foley. (1953) and bf

Prehn and Main (1957). e N

"

‘ Tumour-specific antigena have now been demonstrated in a

n'umb.er of -hu.man malignancies. For example, carcinoembryonic antigen .
.(CEA) has been found in tumours of the human digestive system (Gold
and Freedman, 1965a,b)} Burkitt s Lymphoma (Burkitt, 1958) h.,as an
antigen resembling Epstein-Barp virus antigen, malignant melanoma
has been shown to contain specific antigena (Lewis, 1967 1969);

neuroblastoma has-its’ own antigen (Hellstrom et al., 19688) and there-

1

are others v.vhi'ch. have been reeently revdewed (Piessens, 1970).
¢ A ..

© . (e) Séeeific ‘Immune Reaponses Agatnst Tumour Antigens:

(1) Circulating’ Anti-tumour Antibodies: Since antigens

were f%imd in tumours it was natural to enquire 'if there 'were imune
.- .

” ! responses mounted age@ these antige‘ns. Serologic techniqu.es have

K3

. e

)

.Q -tumour antibodies in sera ot c&cer patients. Thereafter numerous °

\ I
1 N LN

been,employed extensively _‘to.detemin,e tumour .immunity in cancer

B

patients. The Grahams in 1955 were the first to demonstrate anti-"

Q

o)
.-

investigators employing .various laboratory techniques have 8ou§ht and

- . -
.
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reported the presence of antibodies in sera of patients with a:
.(variety of neoplasm.’ In 1965 Gold and Freedman (1965b) reported
the presence of circulating antibodies to carcinomas of the digestive

system. In 1968, Morton and Malmgrem (1968a)[employing immuno-

Lo 3,
r)eluorescence noted a high incidence of antibodies to osteosarcomas

-

in the sera of patients with this disease, others (Lewis, 1967 Morton

. et al., 1968b Oettgen' et al., 1968)- using immunofluorescence techniques,
found ‘and reported the presence of circulating antibodies in serum A

g of patients with malignant melanoms. |

(ii) Cellular Immune Response in Vitro' Studies in vitx:o

[}
Y

. have demonstrated that animals as welI as humans can mount cell-
' mediated immune .resp?ﬁses against tumour cells’which possess turour
specific tissue antigens.

. Levpv et al,, in 19-72's§10p:ed that patients with' prim'ary i—ntra—.
. cranial neoplasms, both well different;iated and ‘anaplastic, Intra-
‘and extra—cerebral, possessed peripheral blood lymphocytes that were
specifically cytotoxic in vitro to tissue’ cultured, autochthonous
- tumour cells, These studies also suggested that antigenic cross-

reactivity existed between glioblastoma cells from different patients @
‘and moreover, between glioblastoma and melanoma cells, Other in vitro -

techniques, such as colony-inhibition have been used extensively by
the Hellstroms, vIn’this technique tumour cells are plated onto Petri °

dishes so'as to@ie‘ld a certain number of colonies per dish, Subsequent

‘ﬁ

to cell attachment, they are exposed to either sensitized (immune) or---.
A\

a variety of control 'lymphocytes and after sever;al days the coloniea



‘ére stained and counted Blood ly'mphpcytes from patients with‘
o neurobLastomas have been found to inhibit: the in vitro colony formatio&

of pleted neuroblaetoma cells\ independently of whether the lym-

phocytee are derived from patiente with active disease or from ' ‘

patients who are symbtom free following therapy (Hellstrom et al.,, ’ E

19683, 1970&) Serum from the ‘former group of‘ patients, but not

- from the latter. one,’ can specifically nullify the inhibitory effect

- ¢

of the lymphocytee, a phenomenon which ie probably analogous to’
efferent immunological enhancement (Helletrom and Hellstrom, 1970b) .

Lymphocytes “from patiente wit:h a avariety of tumours other

than neuroblaatomaa have also been found to inhibit colony formation

of plated neoplastic cells of 'the respective typea (HeIlstrom et al., :
'1966h, 1970b »¢), and they have bekn shown to have a direct cytotoxic \ '
eﬁfect on the tumour cells ag well (Chu et al-. 1967 Bubenik et al.,

1970a"b) Recently, anti—tumour immune reeponses both humoral and :

-

cellular have been extensively reviewed by Piessens, 1970 and"Southam,

1971_a‘nd \wi}.l not._be, elaborated furtﬂer in thia review.

bt 2’
e,

SN - .o

o

: Role of Macrophagea in Cell-Me'diated Immunity N

. Ka) Origin and Function of Ma@_ophagegz « The mononuclear cells

comprising the macrophage system are characterizéd by their highly
. developed capaod.ty to phagocytoae foreign particulate and Colloid‘al
' materiala‘ Cells which differ in certain f ctionai' capaci{:iee or ‘“'-Je"‘,i

in morphological a{earance from the typical tissue macrophage are

-

.. -

. FERE 3 . ‘ - - : -
g o7 . ° * . et b )
. ! ) N . .- M — . o <
. o ) 3~ N, E
- . .o - .

" uslally included in this hetrogenous ayatem. Cells au&ﬂv{e the micrd-

"W



influx of mononuclear cells as_shown by serial histological examination

a

variation.

>
ce R

The term "macrophage

blood was %irst demonstrated in

f,

~
-

radiation chimeras given allogeneic
D

_bone marrdw cells (Balner,.l963 Goodman, 1964 Vinolainen, 1968)

‘

by Volkman and Gowans in 1965a b

4 v

The bone marrow origin of tissue macrophages of the rat which attach
to subcutaneously implanted glass coverslips was, very cle

-;‘
v

aﬁly shown
They impIantéd”coverslips sub-
cutaneously in rats and showed that lymphocyte depletion by either

chronic drainage from %he thoraaic duct or 400 rads of X—irradiation

failed to suppress the emigration of macrophages onto the coverslibs.

[
This showed thdt the circulating lymphocyte is unlikely to be the
L ptECu;sor of mackophages.

Furthermore X~irradiation of rats with

el

A -
emigration of the eﬂudate macrophages.
were restored to normal hen the tibial marrow was shielded during

. Rats

marrow.

o

These experiments conclusively showed a bone marrow origin

(b) Rolle of Macrophages in, Delayed Hygéghensitivity. Delayed
Hypersensigiuity is essentialllﬁ

.
.o

y ' biphasic reaction with an early
and transient polymorphonuclear response which is followed by an

-

glia in the brain and Kupfer cells of the liver are examples of this-

, The myelagenous origin of" the: mononuclear phagocytes of the

o~

P
.
s g,

PAR
~

'

itself. is now used fairly'generally
as a group designation for these yarious cells (Vernon—-Roberts, 1972)

N
]
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‘ of the lesions. .Many of these mononuclear‘cells are macrophages,

B

although a variable number of lymphocytes are . present It appe%gs
that the effector oells in C M. I reactions such as Delayed Hype -

sensitivity (D H. ) includes these macrophages, however the lymphocyte
..'}v -"—r,- o7 A

.is ﬁé.séll which initiates the whole. response. A relatively‘small ﬁf
R X Tt

i fnumber 6f specifically sensitized lymphocytes react with antigen at “
4 "Jl:;l’ : ’ the site of injection and are stimulated to synthesize and release
-factors which elicit inflamnatory reaction and 9ause the accumulation
of monocytic infiltrate from the blood (Kosunen et al., 1963).
Cells of the monocytic infiltrate in D.H. originate from a
rapidly proliferating ‘pool of h&ne MATTow precursor cells. In 'J
addition, studies with H —Thymidine have revealed that the large

\tnajority of the cells in D H. reactions in passively sensitized
-
" animals are host cells. Thus 80/ of these cells are labelled if

BN 3—Thymidine is administered to the recipient’ animalsuZ4 hours before A

, .. apassive'transfer (McCluskey et al., 1963). . '_ - o 8.

s

e

 This nonspecific infiltrate is essentiai in the.pathogenesis
‘of the lesion, since irradiation‘of the recipient animal previous'to
o WEIt - the passive trangfer of sensitized cells from another animal renders - -
| it’incapable.of.exhibiting a. D;H.'r;action (Coe et al. 1§66) Pre-

sumably the failure is because’ of destruction of the bone marrow prei>

' cursor cells of the blood monocytes

Non-Tumour Specific Changes in the Tumune System in Patients with Cancer.
: : . : S

. . "+ () The Antibody Responsef ‘With regard to the antihody producing

S



capacity of patients.with'cancer, Southam and colleagues (Southam -

o

and Moore 1954' Southam and Greene, 1958) have shown apparently

normal antibody formation following West Nile and other virus
infections. Others (Leskowitz et al., 1957) also have reported
normal antibody response to pneumococcal polysaccharide in a group
09'cancer patients. . Levin et @1, in 1970 compared the production '
of 7S:and 19S5 antibody in patients with various types of carcinoma,
in,patients with lymphomatous neoplasmsvand in healthy controls, at

'Weekly intervals following administration of 17D Yellow Fever live
- . A . . 4 ®
virus vaccine. They reported similar means and ranges of antibody

~titres in carcinoma patients and controls. However, .they showed

a slight delay in antibody production in the cancer patients; Other .

reports have stated results whicb,conflict with those above. Lytton
and Hughes in 1964 have reported that serum antibody responses\to

tetanus toxoid were significantly lower in cancer patients than in

—

&
healthy controls. Similarly Lee et al. (1970) measured the “antibody

response to primary immunization with monomeric flagellin from

Salmonella adelaide in 61 patients with cancer. Subsequently, the

\.
antibody-producing capacity of individual patients was correlated‘with

their survival. Lee et _al, reported that in 27 patients suf fering

~

‘from "active" ‘cancer, antibody—producing capacity was.significantly

depressed (p ( 0 OS) as compared with sick but not cancerous controls,
\

in 13 such patients who survived more than 6 months after Immunization,"

antibody-producing capacity was moderately depressed, whereas in 14

"~ who survived less than 6 months, the'capacity was markedly depressed.



¢

-

In 34 patiegts with cancer "cured" by surgéry'and/pr radiotherapy,
éﬁtibody-pfoducing capaclty was sighificantly greater than that of .

the '""hospital" controls and the patients with “active" cancer; _ v, YL

however, antibody formation in this group was gtill significantly.

legss than thét 0 healfhy subjects.- It may be concluded.fromAthgse ‘

. ® ¥ )
latter reports phat some antibody responses in patients with Tancer

. \ : . .
are depressed{’

LY

Workers in this"field.have uéed.differept~aﬁtigeqs and
the patients had different types of neoplasm with varying natural
histories. These two discrepancies could be enough to expiain the

apparent disagfeemeht in the 1ité;ature. i - . - T
(b) Specific Ce¥-Mediated Immunity: Cellular immunity is‘ the - ' |

. ' . b C : :
basis of both the delayed type hypersensitivity respdnsés'(Lawrengg,

.

: 19;9), and the rejection of omogréfts (Snell, 1963)., It is éenerally
thought fhaé cellular immﬁﬂity.to tumour-speciéig fissde antigenski
(T.S.T.A.) has a more significant Tole-tﬁﬁ% humoral ‘immunity as a host
dgfense against'neopldsia; a defect in this lipe of defencq‘may be . é&}
thé major'cause_for the survival and local sp}eaé of'deoplasmsgA o
antibody .is probably of prime impo;ta;;e iﬂ p%eventing.metastasis.

To test the cei}imgdiatqd immune systémiégbxigg, various
méthods have been_émployed.~‘§ome of these’méthods‘ nvolve:‘ (a)
" testing tﬁe abiliéy of a pe;son to‘ggspond to.an'igéxade;mal chiallenge '-

with a battery of délayed allergens; (b) testing the pbiliéy of <the

person to reject a hohograft or an autochthonous tumour graft or a

homograft of tissue cultured cells,

o . e . .
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3

»

W . Delayed Hypersensitivity Solowey et al. (1967) skin k
tested 150 patients with cancer, with a battery of delayed allergens:
T which included Streptokinase-streptodornase (SK~SD Lederle) dissolved
.'in normal saline (10 units SK = 2.5 units SD), ppd of tuberculin (0.2 wmcg)
. histoplasmih (NIH standard), diPtheria.toxoid (Mass.ﬂBiological'Labs) in
doses of 0. 008 LF, coccidioldin (University of California, Lot 64) 1in
dilution of 1 100, and munps skin test’ antigen (Lilly Laboratoriig)
One hundred ten patients were completely anergic to the test antigens,
and of these anergic patients 94 had evidence of metastatic disease at
a later operation. In contrase-only 14 out of 80 healthy controls proved
to be anergic by theit test-routine.' Correlation of responsés with‘the
-t .
presence or absence of ‘metastatic disease indicated that t@ anergy of .
patients with cancer 1s associated with spread of the tumouq%heyond local
. confines, and that there is only a slight difference in D.H. responses in

patients_with localized cancer when compared‘with thoge who are cancer free.

The experiments of Logan (1956) showed that the incildence of a ﬁbsitiwe '

S - v .

‘mumps'skin test.was low in patients with advanced carcinoma} but normal
in patients'with early carcinoma. ' ro ’

. The development of delayed hypersensitivity to a prsviously
Iunencountered Sensitizing agent was studied by Levin et al (1964a) in
.patients with advanced cancer and was compared'with findings in patierits :
with non-neoplastic diseases hnd with healthy control subjects:

They induced sensitiaatfon by applying 0.02 mll of 0.05 M dinitro-
fluorobenzene (DNFB) in acetone and. corn oil solution to the gkin for

24 hours After 10 to 15 days 'patch tests with 0- 01 M DNFB were

applied to determine whether hypersensitivity had been established

' e



o
L

5 'Théy found .that petients with adVanced cancer (btﬁer than‘néqplasms of
’ . ' : . : . o .
the reticuloendothelial system) and without recerit or concurredt anti-.

< e

cancer treatment, showed a significantly'lower Ancidence of response
'to DNFB-than either healthy controls or patienﬁs with debilitating’

¢ non-neoplastic diseases.. Positive tuberculin tests were 'also less

. . } ——
'®  frequent in the cancer group, thus confirming an impairment of cell
" « 4 [ .

mediated{immunity in patierits with advanced cancer.

~ .'These experiments taken together ind;%ate.that there is éP

Al
< . -
- L4

_progressive depreésion in delayed hypersénsitivity‘in patients with-

cancer which worsens.-as the tumour spreads.

PR WAS
and Gorso
x4 :

o
+

" (41) Graft Rejection: Kelly et al. (1958), Greer
[ . N Y ' . .
(1959) and Miller et al. (1963) have deséribed prolonged survival of

skin allograffs.both.in'paiients'with Hodgkin's diseage or other lymphomas.
\ . . ’ . Py ! .o
Snyderman et al. (1960), Gardner and Preston (1962) have conducted
RN
similar experiments in patients with non-lymphoma ng\mglignancy with

E
1

Asimilaf findings. . 1.

)

Another approach +o tqstiﬁﬁ}ﬁﬁe ability of patlents to reject

Kl
3

grafts has been to use in vitres cultured human cancer cells. Patients .

¢ .

with'advanced c;ncer.ekhibited delayed rejgétion of such transplants - **
(Sogthaﬁ and Mbore,.1958; Southam ét al.,'195?). _In.anot§ef study, i
Leyig dnd colleagues (1964b) reported that ninéteen"pgtieﬁtg with ' ,
debility not.due to cancer showed nB delay in reiection of cultdred .

¥

human cancer .cells, thus ruling‘out simple debility as a cause for

‘the failure of rejéction. o



L

They kept the'proportion of male ano‘ female pat'ients similar in allk.'

" controls. Mean values for the percentages of macrophagées present are

*-in the 21 and 24 hpur data.

. . w
' . .

.. (¢) Gellular Response to Mechanical Irritation of Skin:. Southam

'and his t:olleagues have studied the local cellular response to skin
,‘abrasion, bot by the "skin window technique of Rebuck. and by a more

.quantitative method. They abraded the sk.in with sandpaper and then

placed either a goverslip or a fluid filled chamber over the lesion.
. . . \ - * v , . "’

The cellular exudates that _appeare&u were then analyzed,

Dizon -and Southam (1963) studied this cellular résponse in .
30 healthy volunteers, 83 patients with advanced cancer, 18 pati'e_ntsa

a - o . 5 . '. .
with early cancer and 53 patients with diseases other than cafcer.

+

"groups except ‘for ‘the early cancer group in which there were females

only: They observed- that in/h‘ealthy controls at 6 hours after abrasion,

therc_:ells on the coverslip were almos-t all. neutrophil polymorphonuclear

4

2
1euchocytes. At 24 and 48 hours the majority of cells were macrophages.

In patients with advanced cancer the response at 6° hours was similar
“to that of the healthy controls, but at 24 and 48 hours, neutrophils

were .still ‘more abundant than r_nacrophages. Figure 1 illusttates this .

. significant difference between the advanced cancer patients and normal

‘

3 " . . . . [

widely separated ‘at &l ‘times after 6 hours)y, .with no overlap of.the one

standard- deviation range and’ little overlap even at' two, standard deviations .

-

3 In order to see if simple debility was thé deciding factor,

Dizon and Southam correlated their results with the_ performance status

v

© (PS) of each person tested! PS is a rough but seuiifobjective indication

. . P
- | o , .
. " . R . A \
. . .
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' F;Lgure 1 Rebuck Test (modified)
) Macrophage responses to sandpaper test :l.n 30
healthy controls and 83 patients with advanced
2 cancer. The shaded areas present the one standard .\D )
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" of the over—all status of a patient, .reflecting the'totalitly of 'patho-

"genic mechanisms that reduce the patient s abilify to carry ‘on norma-l
activities., An individual with unlimited activity has a PS of 100
as need for nursing increases, the PS decreases, thus a bedridden
patient would have a PS of 50, and a moribund patient\a PS of 10.

_was shown that with 53 non-cancer patients gnalyzed in a similar fashion
there was no correlation between PS apd macrophage response. On the

))ther hand a good positive correlation was found in cancer patients be-
tweeﬁ ,the various stages of-their.disease proces_s and their macrophage
'Fesponse. . Thus onei cannot blame the reduced.cellular response on the .
overall st'atus of physical debility of the patient. . N A '

The authors summarized the results of a1}: 4 groups of patients
in the graph reproduced on the next page as F;Lgure 2‘—\*" The contrasting
. -

: resultSjbetween the advanced cancer patients and normal_gontrols and -
the patients with dis-eases other. than cancer can be clearly seen. Lt
is interesting.to note_-.that results of 18 early cancer patients lay

’ be'tween those of the normals to those of advanced cancer; this 'sflggests
a direct re%tions,hip. between thé stage Qf'cancer and the macrophage.
response, ) |

Goldsmith et al. (1965) pursued this study further'by testing
quantitatively as well as qualitatively, the- cellular responses in cancer
patients. \They employed the skiw'window kechnique for their qualitative
experiments and a Sykes Moore' chamber ‘st'rapped- to the forearm for counts
of the.total number of cells actually ezhigrating £rom the abrasion. The}f

[} To

tested 13 healthy adults and 32 patients with advanced carcinoma. Their®

-1 .
e N . ""‘
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results are shown in Table'l. It can be séen that there was indeed a
lower mononuclear response in patients with tancer both qualitatively
and quantitatively. ‘Ninety7five percent of the cells entering the
kaes Moore chamber (presumablyvthis is correct, the"originel'papér
is equiwocal on this point) resembled macrophages: -the remainder were

lymphocytes. " Although the total number of cells emigrating in the:’

two groups of individuals were similar, the percentage of mono-nuclear

17

cells that was observed was different. This study therefore confirmed

®

the prewious.report by Dizon and Southam, The quantitative studiés

not oniy showed a lower percentage of macrophages but-also a Jower -

,,f--

absolufg number of macrophages, establishing that the percentage difference

1 "url -
really is due to a defective macrophage response rather than anexcessi
X polymorphonuclear reaction. ' : et
R g W - ) -

- wpa

The presumed relationship betd%en a defective macrophage

ve

response and'defective cellwmediated immuqity in patients with advanted

cancer is discussed inftge next section entitled "Objective of This
* N3 *

Work "



QUANTI TATIVE METHOD

) i
Patients With Cancer. o o7 Miltion 0,26 Mitlion

Normal - ¢ 2.8 Miltion’ .52 Million

{ 95 % Were Macrophages )

% Mononuclear Cells % Mononuclear Cejls

L—

32 Pahents With- Cancer _' ‘B v 1 1

>

r13 Normal - . . a. 20

" .
. - Table 1. Modified f'rom Goldsmith et al (1965)
A The table shows the cellular responses on cover -
- . slips and in.Sykes—Moore tissue culture chambers. '
. A reduced mononucleat ceIl response is evident - 4

in patients with cancet with both techniques. .
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"y 2. OBJECTIVE OF. THIS WORK

'reason for the poor macrophage reSponse.

The preceeding review of the literature has documented that
as a group? patients with cancer tend to have impaired cell—mediated
imniuné respbnses. Furthermore, studies with the skin window technique

have revealed that patients with cancer show proportionally fewer

‘ macrophages in the cellular exudate that is induced by abrasion of the

o

skin. $ince mononuclear cells. are important for cell—mediated immune
responses, these two findings%QOld'be linked; that is té say, the

reduced cell-mediated immune responses could be dde to a defect in.

: emmigratiohﬂof:macrophages from the hloodstream inﬁo an area containing'

c

' o
- antigen. The,work in this thesis was aimed at analysing further ‘the

i

When considering. the emigration of macrophages onto a "skin S

nindow , the crucial experiments are those of Dizon and Southam (1963).

;(These ekperiments hahe beenj?ully described in the literature review .

and will only be summarized heres) "They sbraded the skin of patients

and controls with sandpaper and_then‘plaeed sterile coversiipsuover .o

the abraded areas. At intervals thereafter, coverslips were removed,

stained and the proporti [ of various fell types present was determined:

-

They' reported that atients with advanced cancer showed a proportional

deficiency: in macrophages on- the coverslips as compared to normal healthy

-

controls and non—cancerous patients. Modification of this technique

. [ B

lster allowed quantitation of -the.cellular response (Goldsmith et al.,_-

1965) which ‘confirmed earlier suspicidns that there was a.reduced
monenuelearrresponse in patients with cancer on,a quantitative as well

¥ A
_ 7~



-'aa on a qualitative basis. 95/ of thé mononuclear cells resembled

macrophages" dnd the remaining few were classed as-lymphbcytes. ’ghese

quantitative’ studies showed a lOWerfabsolute number of macrophage*s in .

t:he exudate thus.indicating that the percentage ‘difference in earlier-

enond

experiments was Hpe to a- defective macrophage résponse rather than to an

o .

‘excessive polymor honuclear reaction. fom I , K
R v e G s
' 5, S .
There are two possible explanations of thig reduced mo\m;nuclear -
. . ’ . . ", ’ ) u/~
' response: . T Uy :

_.\ . . * N . »

P TPt

=(1)" The macrophage precuﬁsorsn;’in the bloodstream are numerically/

. ‘/"/ e,
reduced. B i RSP S —
. e T T,
(2) The macrophage precursors. “are present in the bloodstream in ‘e

adequate numbers but the emigration through capillary walla is ‘
defedtive. : . S : T
Therefo&'e, the object.of this work has been to determine t'n}\.
number of macrophage precursors in the bloodstream in such patienta.;,-i—'

>~ .

Such a determina\tion could discriminate between the two possibilitiea . e ‘ .

i

" mentioned above and would allow rational planning of further research intv’ .

this general question. First however, we had to devise a reliable

o

method for countir?g macropha'ge precursors in periphéral blood.

Meth'ods for growing macrophagea from peripheral blood are to‘ ‘ DTS

a

be. found in the literature, it was simply a queation of developing one ‘.
of ‘theae in a quantitative way and, tlien applying 1t t:o a series of -

patients with cancer and a set of controls. E T S

“An important paper was written by Berman and Stulberg (1962) who

PR

drew attention tq the macrophages ‘which appear in peripheral blood- . ) /

, cultures. ’l‘hey ghowed that granulocytes degenerate and disappear leaving '

. -
(RO P R T



4

- . . ~ -

< ) B .,

']behind a.mixtureldf macrophages“andzlymphocytes.‘ The difficult-duestion

Lt .. o iy S .
'made from‘the point‘of view of our present experiments, was, that'the

' specimens, probahly representipg many hundreds of thousands-of cells

&

‘ of the identity of, the prgcursor cell for the macrophages was raised

-

by the authors wha, felt it was most probably -a lymphocyte and in a few

cases a monocyte., At allsevents the igportant conclusion that‘they

o o

A v .
macrophages developed without the occurrence of mitosis and were-them— ’

A
a

saeedn hundreds of

-

selyes non—mitotic. Berman and Stulberg stated.

"

v

we have not'encountened mitotic'figures in the macrophages." Evidenbly

Marshall Rigo and Melman (1966) found the same absence of mitosis in

C
@ “

uninfected.cultures. &§imilarly in the experiments reported in” this
) h K o - /w:»_r

. . . “ ~ L
i ythesis, we have-never seen a macrophage in mitosis. Furthermore in an

[y

unpublished experiment, Marshall and Simmons (1973, personal communication)

counted the number of macrophages per Petri dish from the second day of

[

culture up to the eighth day. and found no significant variation in - N

‘o St
[

number.- This last experiment indicates that there is, in additionm, no

[ -

quantitatively important cell death in these macrophag§’qultures. .

d.

The above experiments and conclusions have reassured us that

1 -

growihg macrophages from peripheral blood and counting them after a

-
3 B o

‘number of days in culture is a valid procedure for determining the

.number of macrophage precursors originally present in the” bloodstream:

Evidently the cells'develop from precursors in_vitro without undergoing

division. - f ro . PIE ) ) ( '
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Jhow re_lihi)le it was before we could Einally use it on patients’ and

) . “ . . 3

_ q EXPERIMENTAL SECTION

- u

' : “ . ‘ , . C. .
The aim of the expe.riments,hwas to grow human blood macrophages

in a suitable device and ‘o count them, in order -to make’ comparisons

bety’een healthy ctmtrols "and patients w'ith cancer. We had to c}evise

d S

¥

'a method to do this:and then -had to experiment with the method to see

F’WBASIC METHODS AND MATERIALS. o o

v

-

. .controls, The e:tper;iments are déscribed in the following sections: \

~

P

; '_'2':

.

‘ ’

EXPERIHENTS USING DIFFERENT APPARATUS ~FOR .CULTURING MACROPHAGES. -

3.

a

EXPERIMENTS USING DIFFEREN!I‘ CONCENTRATIONS OF LEUKOCYTES AND T

‘ VARIOUS VOLUMS OF CELL SUSPENSION

EXPERIMENTS ON THE VALIDITY AND REPEATABILITY OF THE METHOD. . .,

3

EXPERIMENTS TO INVESTIGATE POSSIBLE ADHERANCE OF- CELLS TO GLASSWARE. - -

EXPERIMENTS COMPARING AUTOLOGOUS SERUM, AUTQLOGOUS PLASMA AND T e 1\

>
o ' v . 4

£l

' FETAL CALF ‘SERUM. T ' . - - .

- L e

DETAILS OF. THE- FINAL METHOD ‘EVOLVED FOR CULTURING M.ACROPHAGES

. ENUMERATION OF MACROPHAGE RRECURSORS IN THE BLOOD OF PATIENTS

© WITH CANCER AND IN HEALTHY CONTROL SUBJECTS.

. . .
Ju N

Iy
1



« v
.
)
.
- X
.
.
“»
B

1

.
' > (N
] . - > »
. .
.
. .
W et
o V- .
. N \ . .
[l - s
B P
o St :
. oL .

- »
>
A
. 7 : ' .
» . - R
- . ,
K
.
[}
t
- s .
B v
.
. . ‘.
T . -
. o o,
.
'
N
4
[} h - B ’
-

*..r(é)
()
(c)

(d)'

(e)’

®

Taking Blood. - = -

Separation and. Centrif;gation of Plasma.

- .BASIC METHODS AND MATERIALS.

: .
' v
. . 0
"
’ R
d
W .
.
B '
, . ,
. -
’
.
B
o .
- ) .
'
°
‘
- B
N
: t
" b4
A4 s -
B
‘ <
i ¢ N
.
°-
. 3
»
v
s
B
¢ N <,
, .y .
s . .
L .
. , Lot
. \
. . '
* .
.
‘ .
. %

Resuspending the White Blood Cells in Tissue Culture Medium.

~re b

(1)

The Basic Culture Medium

(11)  -Sera -

(iii) 'Autoloéous Plasma

Incubating_the Cell Suspension.

Staining and Counting-

.
.

L]
Statistical Methods’. .
- ‘ — )
- a
T :
a4 . '/ - .
.) . i * ’
\ .
\ . . ,‘
‘e
A '» ' N
- R o
. e
. : )
, R D ‘ v

°
-
)
.t
- !
o '
.«
. :
[ : ‘
4
B a
.
Vo
. .
- 1 - .
*.
‘
' -
! N 4
-
P .
-
. .
.
M
'
-
. N .
B . ]
. N .
R ., .
Y . ’
- . -
. . \
. 4 .
- .
. . -,
" Y .
1. N
’
3
M . N ‘
. .
' 3
" i
Y
. f
v
;
-
. Re
- w
- -
.
»

A



L)

~

1. BASIC METHODS AND MATERIALS.

i { There 'are 6 stages in Earrying .out the experiments. These .

‘stages will be described separately. ‘Each manoevure in the- laboratory "

was carried out ,using standard sterile precautions. .

(a) - Taking Blood:' Blood was obtained from healthy males and females

» -~

aged 19 —~ 40 years and for ther final experiment from a series of cancer
v l‘ . B

patients whose diseases and ages are documented. liter. No particular

time of day was chosen .for the bleeding but it was alwalys between 9 a.m, .,

and 5 p.m. Twenty. mls. .of hlood was withdrawn from an antecubital vein

into a 30 ml. syringe containing 2 ml; of a 4 mg. ~per ml. solution of

: preservati've free heparin—sodium' made ‘up as follows: - 100 ml of saline

was added to 0.4 gram of heparin-—sodium U.S.P. 147 units per mg. (Connaught
5

© = =

: Medical_Research Lab&ratfries, -Toronto, Canada) end the dry powder was

dissolved. f This solution was sterilized by passing it through é miliipore
.

filter with pore size 0 22 4 (Millipore, Bedford, Mass. U. S.A. )

S
v

Afterrwithdrawing 20 ml.. of blood into a heparinized syringe, b
white cell count was dor:e on this sample in a ‘Neubﬂeuer Haemacytometer.

_ into this hep;rinize:i blood, '3 mi. of Dextran '110' injection BP in
sodiutn enloride (Dextran i?rom Le_uconoetic nesénteroides NCIB 8710, 62)

w/v and sodium.cwride 0.9% /v manufact:ured by Glaxo Laborat:ories

) L‘imi‘ted Greenf,o'rd England)\was added. ’I‘he syringe containing bloc?d

Heparin and Dextran was then inverted geveral timeg” to mix the reagents )
and was dispensed in equal volumee (12.5 ml. each) into 2 Pyrex .brand

sc':rew-capbed glass culture ‘tubes No. 72-9826, 15 mm. internal_ diameter’

[T
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with réunded bottom (manufactured by torning Glassworks, Cotning,. New
o ' N\

York, U.S.A.).‘.'This mixture was allowed to sediment for 2 hours at 37°C.

(b) Separation and Centrifugation of Plasma. . ' . Tl -~

. The leucocyte ‘rich supernatant plesma was ‘removed as completely
as possible with a. Pasteur pipette and was put into 15 ml. screw capped «
centrifuge tubes (No. 12-8082 manufactured by Corning Glasswqus) A
white blood cell count was done on the plasma ‘and the total volume re-.
corded. The leukocyte*rich plasma was then spun.for seven minutes at i
2000 r. p m, at room temperature in a centrifuge (Intemational Model
HN, -Needham Hts., Mass. U.S.A. ), a procedure which sediments the white
blood cells and leaves the majol‘ity of the platelets in suepension."
.Af't'er centrgifugation,_ the supernatant ‘wes remove'd with a Pasteur pipette

-

and was replaced with an dp_propriate amount of tissue culture medium.

o
-

~

(c)- Resuspending the White Blood Cells in Tissue Culture Medium. ¢
(1) The basic culture medium was Eagle's min'i_mum essential
medium (Eagle, 1959) except that it contained Earle's salt solution -8

N
(Earle, 1943) as a base (obtained from BBL-BioQuest, Cockeysville Mary-—

land, U.S.A.).. Into 100 ml of this medium, 1l ml. of a solution con-
taining 10 mf of L-glutamine, and 2 ml. of a solution containing 20,000 (
u penicillin and 28%000 meg. strept‘omycin were added.

©(11) Sera: Human umbilical cord blood was collected from

fresh placentas from the case room of a local hospital., The serum was

\ "

pooled inactivated )11}( heating at 56° C. for half an hour and sterilized

. by filtration through millipore filter (size 0.22 4) in swinnex—-25 filters.

»

e 5
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.. This was referred to as human umbilical cord serum (H.U.C.S.). Equal-'*

volumes of MEM and H.U.C.S. were mixed and were used as the standard
final nedium for some experiments 'In other experiments, we used foetal .
calf serum obtained from BBL—BioQuest, again in 50 50 concentrations

These mixtures -are referred to hereafter as final tissue culture medium ‘

C(F.TLCML) . L g - S
. ' \ L o

(i11) Autologous Plasma: After the white blood cells were .

'spun down from plasma and the supernatant removed, the platelet—rich

plasma supernatant was spun for 10 minutes at 3400 T.p.m. at 4° C. (In~

ternatidnal Equipment Co., model PR—6 Needham Hts., Mass. U.S.A. ),~

'.,-a procedure which sediments the platelets from the plasma. ‘This plasma

. was used for preparing our final tissue culture medium after experiment.

v B

[N

number 69. K *

(a) . Incubating the Cell Suspension. S

Appropriate volumes of F. T C.M. were added to the cell pellet

.with a-sterile pipette and the sedimented cells vere resuspended gently.

Four or five ml. of this suspensién, contalning the’required_number“of
white blood cells, Jas placedl in "Integrid" Dish No. 3030, size 60 X 15 mm.. 7

style with 2 mm. grid (Falcon Plastic‘Division of Becton Dickinson and

R
\

Company, Los Angeles, CA. ) or in other tissue culture vessels as indicated

l ’

) by the experiments. Culture vessels were placed in large glass Petri °
dishes 5.5 inches in diameter containing moist gauze.sponges in order

to prevent evaporation of the culture medfum. Cultures vere placed in

’

an atmosphﬁfe of «5% CO

2 “in air at 37°C. for 7 days.

‘: -
P N
A
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(e) Staining and Co;ntingA

After 7 days of incubation, the culture mehium and non-adherent- .

’

'cells,were poured off. Methyl alcohol was’ poured in and left for 5

¢ ’
’

miautes to.£ix. the cells, The cell’ layer was then stained for ten

minutes in. a 1 in ld_dilution of Giemsa sta}n in phosphate buffer pH 6. 8
(SO—G 28, Fisher Scientific Company) After'the etadn had been poured
off, the layer was rinsed in buﬁfer for 30‘aeedddsdadd air dried.’LCounts;'

pf'mdcrophages were made in seven eelected areas (Fig. 1); in each case

an area of 0.25 sd. mm. was examined and counted usiﬁé X10 objeetive,

N ¢

"X12%,5 eyepiece in a monocular microscope-head and with “the help of a.

o

“net micrometer 4in the eyepiece{: From these counts and from a knowledge -

'.the‘tdtalfnumber.of macrophages per dish.’ -

of the area,covered_h&hthe nét micrometer,,it was bossihle.td calculat%
r\ o .

'Differentfal counts ;on the blood or on the original cell suspension

" were done either. on stained smears and/or in wet-preparations in coverslip

' chambers (Schrek 1958) which were examined in an inverted phase—contrast

“"‘suspesnion in two ways: " (1) By placing a drop of cell suspension ‘on a

microScope _ With this last method it was’ possible to differentiate o
between polymorphs and monocytes on the one hand, and 1ymphocytes on the

other. With steined smears, it was possible to differentiate between

polymorphs and monocytes and lymphocytes ot \ ’ '

4

Stained smears were made from Heparinised blood, plasma and cell

S

- éitde'and‘draggihg this—drop behind the edge of a second glass slide held ,

‘ at an.ahgle_to the fitet and trimmed so that it was sl&ghtiy narrower than

the firgt (Daede:and'Lewis, 1968); (2) By pleeihg-a drop of cell suspension

. . - ) . . . -,
4 ~ . . . -

-«



»

b o —_—
' N s . , .
* N
b} .
. . I
~
. rvat
o
. .
. : s
. o B
. P \ .
. N -
. N ’ N
o . .
S
. -
N s N
s
- 'S N
. .
. -
® - ® iJ ® L] L

.
A 2
N ., S '
- = ; S
[ ] a ’e - Y
N . 0
4 ] t
. - > 1T T .
\ ] 17
. \+ )
» * 4 . [ ]
[ 2 -y /
’. [ ] o 4.4 PY PO Y [}
- . . ¥ ] ". '
e NN /
- ~ ,
—~- - >..
50 m'm .
[} .
- -
N o -
- ) - “ A D-

“ <

Figure 1: shows how seven randomly selected areas
of the Petri dish are chosen for counting. - “The
Petri dish 1s superimposed On .a paper marked with
dots in -a l cm. square’ pattern. The areas chosen
for counting are circled (2 circled areas on- the

edge of the plate are rejected)
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Bl
’,

. . .
: X /\

e on a glass slide and’ spreading it by hand with :th.e point of a pin or
capillary tuﬁe. Smears were air dried inunediately and fixed in methy.'f
alcohol for five minutey and stained in a 1 in 10 dilution of Giemsa
stain (SO G~28, Fisher Scientific Company) in phosphate buffer pH 6.8

for 10 minutes. then rinsed in buffer for 30 seconds, air dried and:
; .

- -

g

" mounted with a co‘vers‘lip. ’

(f) Statistical Methods.

(1) . Analysis of Variance: For this .analysis the textbook

-

~ of Hope. (1967) was used and the method outlined in Chapter 3 was applied

A ' , (1) Student s Test:. For these calculations a Hewlett:—Packard
model 10 STAT PAC oalculato.r was’ used which had been programmed to cal-‘
~, \ C.
culate the 't test of means of two samples- according to the method of .

-

| Brownlee (1965). R

; (iii) XZ Chi Sguare Test: For these calculations a Hewlett—

I

Packard model 10 STAT PAC calculator was used which had been programmed

/"-’ to calculate the Xz‘Chi Skuare Test according to the method of Freund (1962).

t
¢ Ty
o

s PR (iv) Covariance and Coefficient of Correlation. For these

- 4

calcuiétions a Hewlett-Packard model 10 STAT PAC caicul‘ator was used

" which had been programmed to calculate- the covariance and coefficient

‘of: correlation according. to the method of Hald (1960).

tv)__ ' Two-Variable Linear Regression: For drawing my graphs

a Hewlett-Packard medel 10 STAT PAC calculator was uged which had been -

~

programmed to calculate the two~variable Linear regression,. S
\ .. Y * - - . - ©

L
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. 2, EXPERIMENTS USING DIFFERENT APPARATUS FOR CULTURING MACROPHAGES. -
’ ~ [ ’ N ! ) . , ! - . . '.
“(a) Procedure and Results. ) s
P o - o
(1) 0 Trial of Terasaki Plates.

(1) . Trihl of Drilled Perspex. Plates.

(111) Trial of Leighton Tubes.

(i\.{_) Trial of Plastic Rings of Different Diameter.

(v)-  Trial of Integrid Petri Dish.

(b) Coﬁclusion \ - -
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2. EXPERIMENTS USING DIFFERENT APPARATUS FOR CULTURING MACROPHAGES.

, (a) Procedure and-Results,

dn nine experiments, the development of ‘macrophages in various

*

types 6f vessel was studied in order to find the haest one for the

- t
)

proposed clinical experiments,

(1) Trial af Terasaki Plates: It was thought that ‘a device

N

such as a Terasaki plate (Figure 1) would be ideal for growing and
[ N P . . . L] X

counting macrophages. In experiments numbers 1, 2, 3, we tried these
plates and .found t’h'at macrophages did grow wéll in them. Howeéver, the

.sidés of the wells are not wertical and a proportion of the macrophages .

" "adhered to thHe gloping éides. This made the counting entirely impossible.

(1) Trial of Drilled Perspex Plates: A rectangular piece
of perspex shee.t‘ 3 mm. thiek was drilled with holes of various diameters . (
from 1/8 inch to 3/8 inch (Figure 2). These plateé were ‘piacéd'on top

©  of glass slides and sealed in place with either petroleum jelly ("Vaseline™)

L]

or with melted paraffin grgx_taking care to prevent the material from

entering the holes. A small amount of culture medium was put into each °

hoie to f111 the q.a;pill;ry s.pace betwéen the drilled perspex ar’ld the
glass s}ide; thins was 1{0 prevent .cells flrom flowing into this capillary’
s‘pace vhen a cell susbénsion was put in the wells.. | _\ ' ' -

In e)éperi;nents number 4, 6, 8, v.ve'placed approximately ‘0.2 X 106
cells in each 'fdell. Cell sgrvival was poor, hoxirever, as there was a
'tendency for the cultures to dry out and the ﬁcells that did survive wert‘a
not -found in dis;::“éte circular spot;s beneath each hole, as had been

-hoped. Therefore, .f;thh’eg' trials with this technique were ab.andoqud.

&

.ﬁ: .o T
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Figure 1. Photograph of a Terasaki plate: shows

60 small wells for cell culture together with
a 1lid.
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Figure 2. A drilled perspex plate of 3 mm. thickness.

This plate was placed on top of a glass slide and
sealed in place with petroleum jelly ("Vaseline").
Cell suspension was placed in the holes.
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"_larger num]:ere __w_er_e.found---in---t-he'per‘.fpheral gutters and fewer were to. ~/

beﬁeeen in the centre of the flattened area. TFor this reason and because

‘L

3

Leighton‘ tubes to overcome the counting pr'oblem; no clear advantage was

' .—', ﬂ . \%

'(:Lii) Trial-of L'éighton Tubeaz In experiments 4, 5, 6, 7, 8,

‘ ° -
_,_.——-—"‘/ -
9 10, 11, 12, we placed 1 ml. volumee of_ cell euepension with concen-

; -

trations between 4,25 x 10" - ll 250 x 106 Leucocytes per ml. in l .

Leighton’ tubes“ (Figure J). ﬂ'—rophages grew well in all-of 'theee tu‘bee, .

at all the concentra}:ions ueed Hc&e‘vef, the glass floor of a Leighton

"'"'T‘" U < ' . !
-tube is not_completely flat and the mac rophag_s were unevenlM

-
3

»

b, ¢

of ‘the indifferent optical conditions that these tubes offered, it was.

diff_icult to get good counts of macrophages on stained preparati_ons. .

? . \ . ) . :
In one experiment (No. b » We therefore placed narrow covers»lipM

T
e
.

gained, however. ] o

-

< T4

t(iV) _'I_‘ri'al of Plastic Ring'sq of Different Diametex: Another % '

way to get small well defiped circul'a;: spots of macrophages onto glass

slides that was tried wes to have plastic rinﬁs of suitable size in

: whicn to hqld the cell suspension, Rinés were cut from plastic tubing

between 1/87inches and 1/2.inches dnternal diameter. These were mounted ~ °
on .glass microscope slides (see Figure 4). A small amount of petroleumv s

jelly was applied at the edges of each ring as it rested on a slide the .

slide was then passed over a flame, this procedure melted the jelly and

u

allowed 4t to form a seal between the ring and thé slide.- . o ~

In one experiment (No. 8) we placed between 0. l x 106 ~ 0.4 % 106*

// L

Leucocytes suepended in 0.1.ml, - 0,4 ml/tﬁe culture medium in a

series of these rings. The problems eesociated with thie method weret '
o’ ’ .

Eand



Figure 3.

A Leighton tube.

35




Figure 4. Plastic rings of different diameter

stuck to a glass slide were used as chambers

for growing macrophages.

36



Figure 5.

Integrid Petri dish with 1id.

~“Jua



Y

j.'(l) a tendenty for'the>mediud to dry up;‘(é).smell irregdler patchee.u-“
6t: cells .g;rew indifferetitly \;ell. + We were, therefore, disco'uraged “
frem makidgﬁfurther trials ﬁarticulariy"since the Petri diehee‘(see
b:?_.lew)“ by nﬁad worked verry m}ich better. .

(v) - Trial of Inteérid Petrl Dish: in ekberiments'9 10,-11,

12, ve used "Integrid" plastic Petri dishes (Figure 5), and placed in

them between 22.5 X _106 ~ 45 x 10 Leucocytes ‘suspended in variod’% a

vqlumes of “culture medium. The result was that macrophages developed

0

well and could be stained and counted satisfactorily. In general, the .
macrophages were distriﬁuted evenly and in particular, the disbribntign

was much better than it had been in the Leighton tubes.

-9 M

“(b) ~.Conc1usion .‘
During. the init:Lal 12 experimerits, variéus.-different culture
.o ’ -~ ‘

vessels were tried. The best growth of macrophages was observed in -

Falcon Integrid No. 303“, plastic Petri dishes and in Leighton tubes.—
. However, the only device in which'macrophages could be satisfactorily.

A o7 L

countéd was the .Integrid Petri dish.- ‘ “ S

- *
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3. EXPERIMENTS USING DIFFERENT CONCENTRATIONS OF'LEﬁKbCYTES AND-

VARIOUS VOLUMES OF CELL SﬁSPENSION.A -
(a) Procedure. :

. ’ t . - . "

~ In experiments (No's. 10, 11,.12, 14, 15, 16, 17, 18, 19, 21,

NN

22, 25) the "effect of vaifing the number‘of cells per cultuce'dish'wes :u-

tested. Various numbers between l 95 million and 45 million per dish

were used. Here we were looking for optimal conditions where the cells

-]

“would be in a healthy looking state and at the same time the population

would be shtisfactorily spread around the dish for cdunting, not over—

_lhpping nor clumped and not so sparse as to make counting'inedcurate.

«

It appeared that "healthyv.macrophages were mostly well rounded with

the cytoplasm spread out in a.disc shapej on the other hand when .culture

conditions had deteriorated, the cells formed into elongated denéely

stained stringy'shepesf

In the course of these experiments we alsoq varied the volume

-

of cell suspension from 2-5 mils. per dish to try and define an optimal

volume.

(b) . Results

The results of these experiments are summarized in Table 1
d . . L . e ""2 .
ot

dn which the eiperiments are aprenged invorder of increaéing‘totel'

nunber. of white cells per Petri"dish . It was clearly seen that the.
‘best looking cells were observed in the highest concentramions of white

cells, but this also had its disadvantage by making the . cells very
diﬁficult to.count. For this reason we decided that“the optimal numbef'

P
: 7
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EXPERIMENT MO. | NUMEER OF WHITE| MMEER OF ml./ | TOTAL WHITE | APPEARANCE OF | SUITABILITY FOR.
S BLOOD CELLS/ml.| DISH " | ELOOD CELLS | MACROPHAGES | “COUNTING  *”
IN'MIILIONS IN | = . PER DISH -~ 1| AFTER S :
- CELL SUSPENSION IN MITLTIONS ]NQLJBATION
25 ° .650 '3 1.950 | Very Poor Very Poor (too: few)
25 650 SV 2.600 | Very Poor: ' | Very Poor (too few)
SN .675 4 < 2.700 Fair . Satis. - I.
22 . 800 4 3,200 - | Poor Good ' '
17 - .870 4 3,550 Fair satis. ‘f’%
19 1.175 - .4 4.700 Good " | satis. \
6a - 1.400 4 5600 P;ér . Very Poor (too few)
18 2.000 4 8.000 | Good Satis. '
16 b . 1.650 -5 ~ 8.000 Fair . Poor
18 2.000 5 10.000 Very Good ~ ~,! Satis.
14. 3.950 3 11.800 Fair - . Satis. ‘.
15 3.250 4 - 13.000 Poor - Satis. )
14 3.950 4 15.800 Good - Satis. - i
15 3.2507 5 16.250 |* Poor Satis.
1. 4.250 \J 4 17.000 Fair Satis.
10 11.250 2 22.50 . Good Satis.
12 8.300 4 . 33.200 | .Good . .} Poor '
10  11.250 3 33.75 _ Very Good ‘- } . Poor .
12, G 8.300 5 41.500 Good " - Very Poor (too many)
11.250 4 45.000 Very Good Very Poor (too many)

10

oy



of cells 'per Petri dish would be'20-25 million c’ells,\ggi:en that the
number of macrophage precursors is ior the normal range |
" In these 12 experiments, ve tried volumes of cell suspension
ra'ﬁging from 2 o 5 mls. The Petri dis‘he\s which had 2 or 3 mls. of
cgfl:l’_;uspension had tile tendency to dry up in the CO2 it)c'uBat;.or during
| the 7 day‘incubnation period. ’We _conclud'ed from;;_iérfermance of these
tests that 4 mis. of culture .would be- the most suitable for ouf' purpose.

w °

(c) Conclusion. ST s o o

The conclusions drawn from these 12 expepimé’nts'werle that: '(K)' C

. Ay
for best i'esults, the volume of cell suspension should.'nots be less-than

4 ml. per Petri dish, and (b) that a satisfactory- number of leucocytes

f
was 20-25 X, 10 per Petri dish Uﬂder these conditions, the maerophages

appeared in gbod condition and were satisfactorily dietrihuted for )

counting purposes. ; . o
' ’ : B . ‘ 2 . q .

T 41
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4. EXPERIMENTS ON THE VALIDITY AND REPEATABILITY OF THE METHOD

(a) Introduction T . ' N

%(b)

;grbceduré ' ‘ | ] \
. (1) " Introduction & -

(11) Experiments to prepare a balance sheet showing

o distribution of cells by total counts only
” 4 f "

Procedure

Results : .
Q o . Y

Cdnélusion ‘

(iii) Experiments to prepare a balance sheet showing the,
distribution 'of cells by differential count
B Y v . v

2

Ihtroddction
" Data Record Experiment 37
Data Record Experiment 39
v\; . ;:ﬂ : Data.Record %xpetiﬁent 40.
. ‘ -;' 'Discussion of Ppolg@,Data from the three exper}mentg
Conclﬁéiqp ‘ . ,;' -

.'(c) Repeatabili;y-of the method

-

(i) Introduction

TN ¢ & §) Procedure (Experiment’ 36)  °

e  (1ii) Results . .

'(1v) Procedure (Experiment 39)

(v) Results R

-

(vi) Conclusion from both éxgeriments‘t ’
- B . 1 .

.
v

- (d) Normal values_from a series of healfhy subiedts.

Experiments to show the fate of cells duting tHe preparative .

.,42 .



ability of the method.
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4. E}(PERiMENTS ON THE VALIDITY AND RE?E;}TABILITY OF "T}‘IE METHOD

(a) - Introdqctioﬂh | '

The metho& we developed for culturing and counting macrophages
involved a step where fed cells and white cells were .sep_arated by
sedimentation in the I;;gsence of Dextran. Our cultures used only the
leukocyte~rich plasma suberhatant; ATh.u's, it x;r;s important to find out
what proportion of the white cells we .were dealiﬁg with and to see if
there wa’s‘ a prefereﬁtial loss of any cgll type d\;:ing the sed(i}nentatic;n

procedure; this is t;'r say, we had to test the validity of our method.’ .

.In addition, it was necessary: to'gain information about the  repeat-

»
t

To test the' validity of the method, we tried to establish the fate

of all the whitée cells in 4 separate experiments (No.'s 34, 36, 37, 39

©and 40). To test thg;: repeatability of the method, we performed
. ) Y ,

duplicate "experiments on two occasions (No.'s 36 and 39). In these

" sheet showing their distri.bution; (2) to trace particul

~and materials. ¢

,tria.c/gi quantitatively the fate of white cklls, and to pre

. - .
exXperiments, we followed the procedure as déscribed under Bﬁ‘é_gc Methods

-

’ ~
, ' * . : T
(b} Experlments to show the fate of cells during the preparative

- -

vyl

procedure, - ' : ‘

—— g . iy g e e B

/are a' balance ',

types of cells

Ed

by differential counts at every step of the method, to jsee if any

4 '

particular' type of® cell was lostlxpreferentially. , 4

(11) Experiments to preéa_x_‘g a balance’ sheet shoﬁing_gistribut-ion

of cells by_total counts only: In this section experiment °

No. 34 1s described fully. However we ha(re included the results of

R

- ., ‘.. ‘ . \

. . A
. _ . I

e 4
Y
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expe;iments No. 36a, b, 37§39a, b, and 40 in a final table in order to

show average results. The details of these latter 4 experiments are
given in section 4b(iii) -and in 4c.

. i : s . : . -
that this analysis of cell loss was routinely used in all our experi-

It sﬁould, however, be mentioned

-~

ments hereafter including the experiment on patients with cancer (see

. ‘ Y]
Tables 5 and 6 in section B part 8).

o Procedure: '(Expefiment No. 34) 20 ml blood was taken
from G.K, and a cell éuspension gontaiﬁing 5.35 x’lO6 cells per "ml was
prepared as described under fBasic Methods and:Materials"L 4 ml of
this sgspension containing §%tqtal of 21.40 x lO6 cells wa; éut in
each. of 3 integrid petri dishes whiéh were incubated for 7 days and
then stained, Whit; blood cell counts were. done at diffeTent stages;

- on whéie blood, “on the initial plasma cell_s;séensioﬁ} on the fed
blood ceiis plué Déxtran sediment, on the discarded plasma after,

~

.éresumed removal of the ledkocytes by centrifugation gﬁd on the final

cell suspension. . : o ae
/ .
« "Results: The results are displayed in Tables 1-4.
3 TABLE 1. COUNTS PER ML. (CONCENTRATION OF CELLS) AT VARIQUS STAGES OF
THE EXPERIMENT C S
White Cell White Cell | White Cell | White Cell | White Cell
Count Per Count Per Count Per Count Per Count Per
ml. ml. Plasma ml. of ml. Final ml. of
Heparinized R.B.C. Cell Dizcarded
Blood Sediment, Suspension Plasma
(Millions) (Millions) (Millions) < | (Millions)
 5.675 7,650 2,060 5. 350 5,000
R
¢ v
@




45

-TABLE 2.  TOTAL (ABSOLUTE) COUNTS AT VARIOUS STAGES OF THE'EXPERIﬁENT
= ' _w
1 Number of -Number of ..| Number of ‘Number of Number of
‘White Cells White Cells White Cells White Cells | White Cells
in 22 ml. of in 13,4 ml. in 11.6 ml. in 20 ml. ‘in 12,4 ml.
' | Heparinized Plasma "R.B.C. Final Cell Discarded
| Blood : Sediment Suspension Plasma
(Millions) | (Millions) (Millions) | (Millions)
. - . . B >
124,85 102,51 23.94 . 107.00 620,000
(22.0 ml.) (13.4 'ml.) (11.6 ml.) (20.0 ml.) (12.4 ml.)
. P
' >
TABLE 3. BALANCE SHEET SHOWING. DISTRIBUTEON OF CELLS. (Figures in.
Millions) ‘ W/
2
e ‘ : y . . .
‘Blood Collected Plasma.& R.B.C, ’ Cell Suspénsion Plus
Cantaing Dextran Sediment . Piscarded Plasma Plus
: . R.B.C. Sediment
(Millions) © (Millions) (Millions)
o Total : Total Total ) e
) 12485 126.45 131,56 - ' ' ‘

"~

Table 1 simply shows the cell concentration in the various suspensions

examlned during the course of an experiment. These counts become meaning- ‘5‘;
ful in Table 2 when they are converted to absolute numbers, that is to
¢

asay, total count for each suspension. It can be seen,in Table 2 that‘

about 80% of the cells nresent in the blood sample are recovered in the

plasma suspension, with some 20% sedimenting with the red cells and .-

\ N ..
becoming lost. The number of cells remaining in the supernatant aftér

centrifugation is small amounting to just over half a million or around

- 0.5% of the total. Table 3 shows the result of summing the various.

A

“
......
‘‘‘‘‘‘‘‘‘‘
s

a
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o

fractions for comparison with numbers originally present in the blood

sample. Theoretically, the number of cells in each of the three
. ' ) ~ .

.

columns should be the samej that they are not is presum?bly due to

»

’

errors'inherent_in the counting'techniques.

. The result of this "balance sheet" approach in four subsequent

experiments is shown in Tahle 4. The pooled data indicntes that. there
has been a loss of around 10% of the cells during dextrnn sedimentation
in-an unknown manner. However, it is reassuring to note that there was

no loss of cells during the latter stages in the pqoceoure..

7

* TABLE 4. BALANCE SHEET SHOWING DISTRIBUTION OF CELLS (IN MILLIONS)

14 .
Blood Collected " Plasma & R.B.C._ © Cell’ Suspension Plus
. Contains - Sediment Discprded Plasma Plus
S - ’ . B B.C. Sediment
9 : ’ . : )
' ;o - . )
TOTAL- ‘| . TOTAL { - - TOTAL -
36a - 63.75 48,89 C I 42,57
b 63. 7§ * 52.55 \ 44-68
37 . .170.50 .. 169.7Q ' : . 163.60
39a 59.10 A . 48.72 ‘ . 51.00 -
b 65.20 ' . 51.80 < A 50.70
40 100.00 ' 89.70 . : - 102.00
: e : ' ,
mean 99.10 . ..90.10 . : " 90.77
% , 100 - ;~'91 o T92

* For the above calculations og'meaﬁwend %4 the averages of & ano b have
g ' = . ! !
. been used in experiments 3, and 39. .

Conclusion. Taking_only total cell couqts, 1t 1s shown
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' distribution of cells by differential count.

that. heading.

\ o ’ ',47“

appear to be 10% oflleukbcytss lost during the Dextran sedimentation which

" are not accounted for; the possihility that the loss was due to cells

adhering to the glass tubes was explored'in expetiments'described-1ater.

(iii) Exgeriments to prepare a balance sheet showing the

o

Introduction: Tﬁis section includ differential coésfs to

. ) )

see if any particular type of cell was preferentially lost from the sus-

pensions during sedimentation of the red blood cells and the- subsequent

experimental manipulations.- In this section we have included the results

of experiments No. 37, 39a, ﬁ, and 40 It should however, be mentioned

that ‘experiment No; 39 was performed in duplicate to- test the repeata—

i
-

bility of the method and some of the resuIts will also be discussed under

-

?

The outlines of the three experiments together with the sbcumulated

~.

data for eseh will.be presented separetely next. The combined results
from these three experiments will then .be described together in the text.
Data Recotrd Experiment 37: A cell suspension containing

6.35 X 10& whe/ml, was prepated from subject J.C. and was put in integrid

'
4

Petri dishes' and incubated as under "Basic Methods: and Materials":.
° ‘/| : . . °
€ .

TABLE 5. COUNTS PER ML. (CONCENTRATION OF CELLS) AT VARIOUS STAGES OF

‘7 N R N ‘g
.THE EXPERIMENT - S ¢
‘White Cell White Cell White Cell |. White Cell White Cell
Count Per Count’ Per Count Per Count Per - | ~ Count Pér
- oml, . f ml, Plasma |.ml. R.B.C. | ml. Final | ml.~
Heparinized - - Sediment " Cell Discarded
Blood 7 b ' ' Suspension Plasma,
(Millions) (Millions) (Miliionsl\; (Millions) .
“ -‘ . ‘l B Q‘- —
7.750 9.750 3.200 6.350 28,000
Ton
1

I
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TABLE 6- TOTAL (ABSOLUTE)ZCOUNTS AT VARIOUS STAGES OF THE EXPERIMENT
N i . ) r‘]' R . R i L & s ) L. .-

.1 S Number of * |. Nimber of |..Number of . | -Number of Number of | .
"+ +«.'|White Cells | White Cells*|  White Cells |  White Cells .| White Cells|
. . ¢ [in22 ML, - | in 13.7 ML. | ‘“in R.B.C. “in Final.!  |.din ¥ ' |
. S “J%‘Heparinized .- of Plasma Sedinent ..Cell . " Discarded,, -

Blood

1. Susgension .| Plasma *
oo ) . - > ST
(Millions) | (Millions) (Millions) ~|.”+«(Millionms),. -
- . o A - ‘ ' ' - : ‘.

170,50 | . 133557 - |, 3.6 .| ‘127.00 | 383,000
1..(22.0 m1.)Y | (13.7 ml.)." ~'(ll.3 ml.) |, (20.0 ml.) '.(13.7 ml.)

’
#

TABLE 7. BALANCE SHEET SHOWING DISTRIBUTION OF CELLS. (FIGURES IN -

N . - f . '.lT'_
JMILLIONS) . T Lo L A

‘Blood.Collected | * Plasma & R.B.C. Cell Sugpension Plus /
. . Contains '_\ Sediment . -Discarded Plasmad” Plus
v, o T - . . R.B.C. Sediment . |- .
. ., . . . . . .- ‘ .‘," ) . . ,ﬂ ) ~ '.
; : . . e SR b '
. A B TOTAL ©« TOTAL - = - TOTAL @ N
i 7. 170.50. .. 169.70 N " 163.60
Lo ’ N - ’ P - é-. ! 3 )
? ' . . e . : ‘. . . T e : : . . _ - : ) .
" .."TABLE 8-11 PROPORTIONS OF CELLS IN BLOOD, PLASMA, FINAL CELL SUSPENSION, - °
_ R.B.C. SEDTIMENT . - . .% JF, - : N e, b
f‘ N e -t . L. q:” H . . * '
- Abbreviations: Polyé.’- = ‘éo;ymorphonuclear Leukocytes. </
o “"f: o " Lymphos. £ Lymphocytes. '. L, B
: L k \ - ! ! L
: - o : .
. RPN ;?’ : ’ ' .
A . ‘ .
g::- . . - . ! .. o -
A . ""‘ L ] . r' - .b '
. . ‘
T . - i ; i l O

PR



" TABLE 8

. ¢
,

-

-, | PERIPHERAL BLQOD:

Total 7.75 x _106 w;b.c.lml'..

. PERCENTAGE

(22.0 mls. )

" TOTAL.NO. OF CELLS

\

i

IN R.B.C. SEDIMENT

. ~(11.3 ml.)
"\‘“‘ . - | . . -' \f | . < ‘
100 ,c:alls were g_:omited e (Millions) B
" Polys. - "o 72% '26.06 .
. Lymphos. . 272 9.77
oF . Monocytes i 0.36
v & -
R ' S

e - g : -
© 100, cells were counted . (Millions)
. Polys. : . 662 ' 112.53 .
: Lymphos. o, 31% 52.85
Monocytes - v 3% - 5.k&k
. 1 - -’ : . '
X . R
R . ..-7""- P
. TABLE 9 g
0 ) ) 4.‘\ y -W'L,. o I
S . . L
‘| PLASMA: o ‘ , ' -
- ] 9.75 % 10% w.b.c./ml.- | PERCENTAGE TOTAL NO. OF CELLS
.o S i =" IN PLASMA,(13.7 mL.) | *
99 Cells were counted - (Millions) “
- : ° 4y . v
-Polys. - * 63% 0 - 84.15
o Lymphos. ( - 34z . 45.41
. *  Monocytes ' ' 27, 2.67
. . \ R . : .
3 o T
'TABLE 10 -
_ REDBLOOD CELL SEDIMENT- ° |- PERCENTAGE - |. TOTAL NO. OF CELLS
| "3.20 x 10% w.b.c./ml, ’



.a

-

_ TABLE 12 MACROPHAGE COUNTS

a €« -t
s » - v
¢ d ,-.‘.\.- i ..\-
TABLE 11 ' " .
. l.-e ‘4- ES
FINAL CELL SUSPERSTON PERCENTAGE . TOTAL NO. OF CELLS _ _
' 6.35 x 10°-w.b.c./ml. IN CELL SUSPENSION
: : "~ (20 ml1.) - ) v
. ¢ ' ’ F' '
219 cells were counted . , (Millions)-
Polys . -68% ) . 86.36 .
Lymphos. - 31% 39.37° -
. Monocytes 1% e 27 b

NB. 'These results are summarized and discussed after -the recofds of

. results from experli'mént:s 39 & 40. have_been presented.

)
By

Counts of Macrophages. Number of ;_:lacrophage_ .Pgrcentage of
expressed as numb_er; . -Precursprs per ml. Macrophage .
per Petri dish Blood Precursérs in
. - Blood . , -
. 984,283 500, 320 3.9% "
- TABLE 13 '
% LOSS OF CELLS IN EACH SUSPENSION
’ - AS COMPARED WITH TOTAL CELLS IN
| - THE WHOLE BLOOD SAMPLE.
o . Plasma ‘Cell Final.Cell .
. " " . Suspension - Suspension \g\;_
-, C) 7
Poly. .25 23 .
_.Lymph. .14 25
Mono. . 48 75 ~

o2
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' Data Record Experiment 39:

‘A subject

» S.8., was bled

on two occasions with an interval of 10 minutes between, from différent

8’

veins and using different syringes.

’ nan é.nd nb'n

6

'5 375 x 10° whe/ml, and 5.925 x 106 wbe/ml.

AN

’

respectively.

, ’ . '
TheAtwo samples are designxated as

The white blood cell counts on "the two samples were

Cell sus-

o pensions were prepared from each sample and were foundsto contain ‘

b4, 75 x 10° wbc/ml. and 4.25 x 106 wbc/ml

Two integr“iq Petri dishes

B were prepared from each suspension_and were cultured and stained as in"
3% r - B

"Basic Methods and Materials".

TABLE 14,

§

COINTS PER ML. (CONCENTRATION OF CELLS) AT VARIOUS STAGES

) THE‘EXPERIMENT

51

- n , '
!
ﬁhite Cell "| White €ell | Whité Cell | White Cell | -White Cell
S Gount Per Count Per Count Per - Count Per Count Per
3 ml. : ml. Plasmag .| ml. R.B.C. ml. Final ml-.
Heparinized,‘ . AN Sediment Cell Discarded
Blood ¢ ‘Sugpension | Plasma
- S . -
. . N ]
(Millions) “(Millions) (bmlions)‘ (Millions)
] a%x | 5.370 5.000° 2,350 4.750 . 12,500
b* | 5.920 .5.600 . 2.100 4.250 7,500
4 °
g

¢

* "a" and "'b" refers to the two cell suspensions prepared for this

experiment.

.

'+

]
-

’

PYIRN



TABLE 15. TOTAL (ABSOLUTE) COUNTS AT-VARIQUS STAGES OF THE “EXPERIMENT

-."

PR

152

. Number of Number of Number of ' Nimber of Number of |
White Cells |White Cells | White Cells | White Cells | White Cells,
in 11 ml, in°7.3 ml. in R.B.C, in 9.2 ml. | in )
(Each) ' Plasma Sediment Final Cell Discarded
Heparinized -« | Suspension Plasma
Blood . -
(Millions) | (Millions) | (Millioms) | (Millions) o
a | 59.13 36.50 . 12,22 in 43.94- | 850,000 -

(11.0 ml.) (7.3 ml.)- (5.2 ml.). © (9.2 ml,) (6.8 ml.)
[y f . ’ . Lo ¢
b | 65.18 40.88 - .10.92 in -39.31 510,000
‘(11.0 m1.) (7.3 ml.) (5.2 mk.) 9.2 ml.) [ (6.8 ml.)

R

T oA’
ey

TABLE 16. BALANCE SHEET SHOWING pis*riifémmN OF CELLS.. '(FIGURES "IN .

MILLIONS)
Blood Collected Plasma & R.B.C. Cell Suspension Plus
' Contains Sediment Discarded Plasma Plus.
- : ' R.B.C. Sediment
. % ’
Total ' Tétai . - - Total
al|- 59.10 48.72 57.00
3 g .
b 65.20 51.80 50.70 &
1- b at : .

<

. TABLES 17-26, PRbPORTiONS OF CELLS IN BLOOD, PLASMA, FINAL CELL

SUSPENSION, RtB.C. SEDIMENT. T L S -

. s
p .
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TABLE 17
[ - - . » : —\ - -
PERIPHERAL BLOGD (a): PERCENTAGE - TOTAL NUMBER OF
. . .| CELLS IN BLOOD
) ) T 1 1.0 m1.)
TOTAL 5.375 x 10° whe/ml 7| :
148 cells were counted -° X (Mill&ons)
1 - -

. Polys. ) 59% . 34,88
Lymphos. 397 23.06
Mondcytes. 2% . 1.18

. A ’ ‘ Y . - !
. 'TABLE18 .
PERIPHERAL BLOOD (b): PERCENTAGE TOTAL NUMBER OF -
Lo "CELLS IN BLOOD
’ . ' e (11.0 mlo)
* TOTAL 5.925 X 10% wbc/ml : .

- '

212 cells were coupﬁqh (Milldions)
Polys. ‘ 587 » 37.80
Lymphos. 387% 24.76 .
Monocytes. 4% 2.61

TABLE 19 .

PLASMA (a) . ' ‘PERCENTAGE TOTAL NUMBER OF

; - : CELLS . IN PLASMA
R ' (7.3 ml.)

TOTAL 5.0 % 10% wbe/ml )

) ‘ > ¢

95 cells were counted _: . - (Millions)

. [0 N
Polys. . \hj 607 21,90
Lymphos. - . 39% 14.24
Monocytes. 1z 0.36




e L. 54
‘TABLE 20 -
s 1Y -
| _" 4
PLASMA (b) _PERCENTAGE TOTAL NUMBER OF
. : CELLS IN PLASMA

“TOTAL 5.6 x 106 wbe/ml - . “.-_- (7.3 mL.)

" 204 cells were counted \ (Millions)
Polys. | 59% 26.12
Lymphos. 37% 15.13

. Monocytes. - 4% ‘1.64
TABLE 21
-
. . A 3 “ .
. RED BLOOD CELL SEDIMENT (a) PERCENTAGE TOTAL NUMBER OF
. ' . © CELLS IN R.B.C.
SEDIMENT
| “Smear was not countable - -~
TABLE 22
RED BLOOD CELL SEDIMENT (b)/’ N PERCENTAGE TOTAL NUMBER OF
, ‘ : CELLS IN R.B.C.
6 . SEDIMENT

2.10 x 10 WbC/mlv - . \‘ (5.2 ml.)

203 cells were co:um:ed - (Millions)
Polys © 61% 6,66
Lymphos: . 342 3.71
Monocytes. 5% - 0.55
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TABLE' 23 .
" CELL SUSPENSION (a) PERCENTAGE TOTAL NUMBER OF
"6 ' CELLS IN FINAL
4.75 x 0" wbe/ml. . CELL SUSPENSION
.- ’ > ".(9.2 ml.) '
186 cells were t,coum:ed : .~ (Millions)
olys. : 467 20.21
phos. S 53% 23.28 .
Monocytes, . 1% 0.44.
) [
. TABLE 24 '
- CELL SUSPENSION (b) I_’ERCENTAGE TOTAL NUMBER OF
. 6 ) : CELLS IN FINAL .
4.20 x 10" wbc/ml. CELL'SUSPENSION.
(9.2 ml.)
'134, cells were-¢ounted ' | - (Millions)
. £ '
Polys. ( 607 o 23.58
Lymphos. 38% v o 14.94
, Monocytes.' . 2% ‘0.’7‘9 ,

- TABLE 25, THIS SHOWS COUNTS OF MACROPHAGE iN THE 4 PETRI DISHES PREPA

ﬁ;g///f,,,/;?i

FOR THIS EXP%IRIMEN-T - TWO_FROM EACH OF THE .TWQ BLOOD SAMP

-«

LES a §nd’b.’

T

| "COUNTS OF MACROPHAGES NUMBER_OF MACROPHAGE PERCENTAGE OF
.| EXPRESSED AS NUMBER PRECURSORS PER ML. MACROPHAGE

OF CELLS PER PETRI BLOOD . PRECURSORS IN
DISH - _BLOOD .

. . : ks .

a 1,162,866 I 328,966 - 6.1%

ap [ 1,155,008 326,746 . 6.1%

. 997,864 - 347,785 5.9%

by | - 990,007 B45,087 5.8%

PYT N




) sgf - G
i . N 2 .:: ‘\34 e A
’ 0'1‘ «
( o .| % LOSS OF CELLS IN EACH SUSPENSION
AS COMPARED WITH TOTAL CELLS IN THE
. : WHOLE BLOOD SAMPLE.
. “Plasma Cell _ 'Final Cell
Suspension " Suspension
» ) . o Ay .
A. Poly, 37. © 42 ’
‘Ljrmpho.' 38 g 0
c o Mono. - ‘ 69 , - 63 /
B. Poly. 36 ° T . 38 *
Lympho. N 39 ' ' 40
) . % - Momo. 37 . 70 '
. \. ” . ‘ ) -
. ) c o
_ " NB, The results in all the above tables are summarized and discussed .
‘,, - *
- after presentation of the data from experiment 40. S
—_— ‘Data Record Experiment 40: 20 ml. blood contakning
4.55 x 106 wbc/ml‘. was taken from J.H. and a Cell Suspension containing
Co 4,225 x 106 wbc/ml. was prepared. 3 integrid Petri dishes were prepared
” ) o .t .- PR ) ) : . : s ¢
from this suspens‘i(é'ij-.,,bne“ containing 5 ml. and the other two 4 ml, each, . T

L ) In addig:ion to the nomal differential on simears, in the L:::.a'se of the

irplasma-cell suspe
% 4

T

counts were made

coverslip chambe

L3

-

sion and the final cell suspension, differential
" phax 'conr.rast microscopy on wet prepafations in

s described in under "Basic Methods and Materials".

b P
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TABLE "27. COUNTS .PER-ML." (CONCENTRATION OF CELLS) AT VARIOUS STAGES

“"OF THE EXPERIMEN

<

T »

v

White Cell | White Cell | White Cell |-White Cell | White Cell
Count Per Count Per Count Per | Count Per Count Per
M1, . Ml. Plasma M1, R.B.C. Ml., Final ML.
Heparinized - Sediment Cell Discarded
Blood ' Suspension Plasma
(Millions) | (Millions) | (Millions) | (Millions) )
4,550 5.100 1.600 4.225 30,000

o

TABLE 28. TOTAL (ABSOLUTE) COUNTS AT VARIOUS STAGES OF

1

THE EXPERIMENT

¢
Number of Number of Nﬁmber'of Nurﬁber of Number.of
White Cells | White Cells | White Cells | White Cells | White'Cells _
in 22 M1, "in Plasma in R.B.C. in 20.0 Ml. | in°’ ) i
Héparinized & Sediment of Cell Discarded
Blood Suspension Plasma
(Millions) | (Millions) | (Millioms) | (Millions) . -
] Y i
) '. K £
100.00 N 72042 . 117.28 84,50 366,000
(22.0 m1.) (14.2 ml.) (10.8 ml.) (20.0 ' ml,) (12.2 ml.) o

TABLE 29. BALANGCE SHEET SHOWING DISTRIBUTION OF CELLS (FIGURES IN

MILLIONS)
BJood Collected. Plasma & R.B.C. Cell Suspension Plus
. Contains Sediment Discarded Plasma. Plus
‘ . : R.B.C..Sediment
Total ,:I'or_al Total
- ' . .
100.00 89.70 N 102,15
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unu.unuulﬂiw‘:“ . o N
TABLES 30-37. - PROPORTIONS OF C?LLS IN BLOOD, PLASMA , FINAL- CELL
SUSPENSION, R.B.C. SEDIMENT . ’
Abbre'v.iations: Polys. = Polymorphohuélear Leukocytes. . )

. Lymphos. .= Lymphoc,y'tes‘ ) B
TABLE_30 | o ) ‘
- - ! * ’
PERTPHERAL BLOOD . PERCENTAGE. TOTAL NO. OF CELLS
T ' iN BLOOD.
TOTAL 4.45 x 10" wbe/ml. (22.0 nl.)
. ) ) N <
v - -~
“175 cells were counted. (Millions)
_Polys. 497 49.00
*Lymphos . 497 49.00 .
Monocytes 2% - 2.00 -
. * ’ . , . ¢ "y .
| Large number of Large Lymphocytes were o}:serr'vgd. - o S
. TABLE 31 - By ' '
PLASMA PERCENTAGE TOTAL NO. OF CELLS .
6 ~ IN PLASMA
“TOTAL 5100 x 10° wbc/ml. (L4.2 ml.) -
. . 7/
-244 cells were counted (Millions)
Polys. 56% 40.56 .
Lymphos - 43% 31.14 J
Monocytes 17 0.72 : ' )
. ' . - N
L] g e
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TABLE 32. PHASE CONTRAST DIFFERENTIAL COUNT

3

JPLASMA PERCENTAGE TOTAL NO. OF CELLS : o
. . 6 . i IN PLASMA
TOTAL '5.100 x 10° wbc/ml. . (14.2:nf0)
‘ 200 cells were counted o (Millions) \
b - . Polys & ‘Monocy‘t'es ) _ 527 ) - 37.66 . . '
' ~ Lymphos.’ 1 T 48% . 34.76 sl :
*Monocytes » ‘ - . —

* Monocytes'could"ﬁot be counted or distinguished separaEély with thi
method. '

. B : e ‘ R :
TABLE 33. ) / - R %
- "//“i/ . ' i ) ) ,
RED BLOOD CELL SEDIMENT PERCENTAGE TOTAL NO. OF CELLS-
. 6 . S _ o IN R.B.C. SEDIMENT .
"TOTAL 1.600 x 10~ wbe/mi. | ° - 1 Q0.8 ml.) - .
- s . 7 \ o v B . ¢
A ©'107 cells were counted ’ “ (Millions) '
Polys. ' Cosez .| 10.20
: Lymphos. . 417%. - 1.08 -
’J . Monocytes 1)4 ~» 0.00"
\ s . T ..
‘ ' TABLE - 34, ' S _ g. : . .
j FINAL CELL SUSPENSION . PERCENTAGE TOTAL NO. OF GELLS T —
4 o 6 , B IN FINAL CELL -
, 4.225 x 10" wbc/ml. —_— . ) SUSPENSION -
S : - I (20.0 ml.)
’ ‘ - L]
188 'Eells were counted (Millj.on_é) . ’ Y
Polys. : - 53% - 44,78
' " Lymphos. - . ©4SZ : - 38.03
wo - Monocytes . o - 1,69 N




o
L

Petri dish-l
Petri dish 2
Petri dish.3

o

/’1

.-Q

60
A
TABLE 35.. PHASE CONYRAST DIFFERENTIAL COUNT - '
e . . \ . . .
- M \ . '
CELL SUSPENSION PERCENTAGE TOTAL NO. OF CELLS
6 v IN FINAL CELL :
4,225 x 10" wbe/mly "SUSPENSTION
- ~ - ’ (20.0 wl.) -
: = ) Q, ‘ . . /
305 cells were counted . B miil~ons’)// »
& o .
¢ Polys./Monocytes < J/ 52,39
738% 32.11

Lymphos . /

. . TABLE 36. MACROPHAGE COUNTS

-\
v

COUNTS OF MACROPHAGES NUMBER OF MACROPHAGE " PERCENTAGE OF 3
"EXPRESSED AS NUMBER PRECURSORS 'PER ML, OF MACROPHAGE
» OF CELLS PER PETRL BLOOD : PRECURSORS IN .
DISH. . o BLOOD )
: !
\
. " " \ .
829,720 - (Average .of 3 5.2%
911,435 Dishes) » ‘
880,006 . 234,809 e .
‘ . ) ~ ‘ N .. *» . v -
" TABLE 37, - C.o L
| - "0— . \ ‘, ‘ _' * . .‘
ﬁ % LOSS OF CELLS IN EACH SUSPENSION N
' AS COMPARED ‘WITH TOTAL CELLS IN A o ‘
¢ THE WHOLE BLOOD SAMPLE, ' )
(CALCULATED FROM COUNTS ON SMEARS) S ' :
P ' 8 - ‘ el o T
L '_PlasmaCell - Final Cell - Y
’ -1~ Suspension Suspension . g
Poly. 17 9 T '
_ Lymph. t 36 22 .
__Monos—" 64 15 T .



TABLE 38. DISTRIBUTION OF CELL TYPES IN THE VARIOUS CELL SUSPENSTONS AS PERCENTAGES™ ™" .
M - Monocyte " ' ; .
. . . ) <. ‘g o
. L - Lymphogyte R .
T . Coo ey .
S~ P —"Polymorphonuclear Leukocyte PR \‘ ; ’
o BLOOD CELL

. aerwamte

SUSPENSION

°

' RESULTS OF X°
(CHI SQUARE) TESTS

31

66

63

ore s tma gl
eretina,,

31

2

L. P

68

.-

#x2 (df=6)

PRI b

13,740 py .05

-

x

o | 39a-

39b

59
58

60

59

53

38

g
'60 .-

Ix2(§£;5j

%2 (d£=6)

$

11-118 . p> .05e
’ J

4,206 py.05

40 -

49

56 .}

“

41

.45

53

%2 (d£=6).

5.726 p>.05
. R . !

il N\ * b .
‘ - R . . . & - 4 "
- |MEAN % T «“’'3. 390 58 | .2 38 60 | 2 34 64 | 1 42 57
~ . , = .. . .' i .
ol o i )
. ) . ./..:‘ ) o - N § . , . . 2 .
. N2 . . - - - ]
* NB.. -x~ (Chi Square) test was performed'on raw counts and not on the gercentage values’ o,
. .'; . & . B} . . - . . . . ‘{'l' - . ) . .
Y . » : . "o
[ S . : - . —
- A - N P N ! ’ ’ A 4 B
. . > K . v ., -
o . [ ~ . K / t; . ...




S 4 62'
. . - R . _ “" . ‘v
. , : " - 7 - - .  Discussion of -Pooled Data from the Three Experiments:.
i 'In'Table 36 are preéentﬁd the pooled data from the four enperiments; in S

which the percentage distriBution of cell types in the four suspen51ons
. Y
R .. ' is\given.- A x2 QChi Square) test was performed on the,results from each

N . . . » -
B

: experiment,separgtely to see if there was any signif1can¢ difference LoTed
. : b . ‘ e . ST
L - . bétween the counts. -It should,he pointed out here that the x2 tests =

were performed on our. primary data and not on.the derived percentage,

" values, The.Chi Square values are given in the last colunn of Table 38-
Y2l , . - ' ) ' N

- . v . 1y . ‘e
' ' and\it can be seen that.there is no significant difference between‘the

- . o ) o e
“ various counts. ' Thus.we can conclud%!that there has not been a prefer-~
- L . . > 2
ential loss of any particuiar‘geli type during the preparation of the
-0 . . ’ . R . s . ' [ . . : e
; final cell suspension. T oo et

' ! s
. . N .. .

Conclusion: No statistiCally significant.loss of any

te . ) . Q

. 3 particular ce11 type was observed during the preparation of the final C e

1
=2

cell suspension thus indicating the validity of the method

-
A

. ’ () Repeatability‘of the method

< (i) Introduction: To test the repeatabiiity of-the.method'nwe-: o

et . e
.. 3

N Y

o~

e -4_ } f performed duplicaée experiments on two occasions (Experiment No. 36

S and 39).: Analysis of variance .Was -performed between duplicate integrid A

0 dishes in a single experiment and between dishes from experiments set

-“' . . . £ - L] L.
}‘- ‘.

T ' up in parallel B S . Lt

’ - . ‘ % : R

2 ' ' o e *(ii) Progggure: (Experiment No. 36) 20 ml. blood 'was taken from Lot

.. H. B. 1nto ‘a heparinized syringe and was immediately separated 1nto 2 = ‘j\
N " equal portions. Cell suspensions containing 3,210 x 106 wbc per ml.

R T . . .

" and 3.375 x 106 wbc per ml. respectively were prepared from the . two "
: : . R : :

-




R

-3

N -

). g .':"' ‘.

. ~~IABLE 3/

blood samples :

dishes from one sample were calle?ﬂa and al, and f%omehe other sample, :

b aﬂd bl'

i
s

T

After 7 days of incubation

~

0

(for'reference, see Basic‘Methqu and Materlals)h

-(iii)"

39-4& below.

#

Results:.;The figures obtained are displayed in Tables % .

4

Ll

b

~"

%

Each suspension wa§;dispensed into two int

" -
.

‘.
.
o . =

egrid Petri ,:

A‘dishes making a total of &4, dishes for the th&e experiment. Two

the Petri dishes were stalned

' was performed in a four group 2 X ZI[two by two) factorial design o

)

Y

N7

\
THE EXPERIHENT

[}

COUNTS PER ml (OONCENTRATION OF CELLA) AT UARIOUS STAGES OF

63

: and c0unted as Iﬁ "Basic Methods and Materlals and analysis of variance

Y

-

White Gell | White Cell | ‘white Cell White C&M1 | White Cell
Count Per , Count Rer Count Per . Count Per Count Per .
M1. _ Ml. Plasma | Ml. of R.B.C. | Ml. Final M. s
.Heparinized | . o Sediment Cell Discarded
"‘Blood . oo Sugpension Plasma
. ) . - ] X
. ¢ e, - -~ ' L,
-(Millions) ‘(Millions) (Millions), (Millions)
a* | 6.375 . 5.82,5).“ 1,975 - '3.210 .| 175,000
b* | 6.375 . 6.200" . 2,125 7 3.375° “1e7i500 .|
* 3" and "p" refﬁf.tq,the two cell suspensions prepared for this -
eXperiment. . "3
v - e r’.‘ o
. 1 . ’,.'. ta .
B . mot s \ o .
-
. ] - L)
. '- ' A\ |n .
L ) >
o .‘;‘“ : ’ Q
L:.’c‘r,. , (3 B »
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*

TABLE 40. _TOTAL CELL (ABSOLUTE) COUNTS AT VARIOUS STAGES OF THE -

2 \

TABLE 41. MACROPHAGE COUNTS

" EXPERIMENT. ™
' Number of Number of Number. of - | Number of " | Number. of
White Cells | White Cells |White Cells | White Cells | White Cells
in | in Plasma in R.B.C. in Final in -
Heparinized SR Sediment Cell : Discarded
Blood . ‘ Suspension | .Plasma
™\ (ailions) .| (Millions) |(Milliops) | (Millions)
29 V ’ . . ‘
la.| = 63.75 39.61 in.|  9.28 in. 32.10 1.19
(11.0 ml.) {: (6.8 ml.)] (4.7 ml.) - . (6.8 ml‘;)
v - - 1. h
. 1?. ,63.75 42,78 in. 9.77 in. .33.75 1.16-
(11.0 ml.) ~»wii§.9 ml) | (4.6 ml) | - (6.9 ml.)

COUNTS OF MACROPHAGES | NUMBER OF MACROPHAGE . PERCENTAGE OF
EXPRESSED AS NUMBER PRECURSORS. PER ML¢ OF MACROPHAGE
_OF CELLS PER PETRL BLObD. - . PRECURSORS IN
DISH. -l BLOOD.
"y ) N . [y
- - =
a | 463,576 230,157.. (Average of two)-
a;| . . 416,431 206,754 3.42 -
b 149%5,003," - . 233,710
by . 424,288 200,302 . ‘ 3.4%
~ e ‘. ' " ﬁ '




o o
Table 39 simply shows t

<

of the various'suspensions it ‘was possibleﬂto.calcdiate the total number’

impi;cations of ‘these Eountg together with a balance sheet have been
presented in.the
macroﬁhage‘coﬁnts in each’of the 4

" these results, it is evident that there is a close similarity between °

of cells in ea

v

previous section.

hiJféll concentrations in the various

pensions, examined quridg the course of the experiment. From the volumes

t

v

sus-

LS

4

ch gﬂépension; these are displayed ‘in Tg¥IR 40. - The

)7:Blé 41 shows the results of

Petri dishes;, When one compares

-

, . . . . . .
fhese‘parallel experiments. Table 42 shows details of the analysis of

"variance which clearly indicate that t

[

.halves of the original plopﬂ'samplé (parallel experiments).

\

R}

P

here is no significant difference -

either between duplicated diéhes,or.between'the éepara;ely

a

processed

. R 65
. . ’ 2]
) oy .
. - ld
TABLE 42. -ANALYSIS OF VARIANCE .
" Source of Degrée of . Suﬁs'of Meah Squares [ F.. Probability
Variance _ Freedom | Squarés e - - .
Between the " . < .
parallel - -1 43375 43.7‘5 0.357 py» '0.05
xperiments v ‘ .
XY 1ptepria L N : :
- MPetri| disles 1 - 393.75 7| 393.75° |-3.211 | ps 0.05
-1 (a) vs«7tb) T A
Interaction: |° - . < . .
aorbx 1 15,75 ©15.75 ¢ 0.128 p>,0.05
experimental ) ' L .
B group . 'y v - N .
Within the- 24 . .| 2943.00 -| 122.62  °
samples SN ' ’
’ ' ~
o »
Total =~ 27 3396.25 .
coos . &:
AA;\ - -




et . e e .

.

s a

(iv) Procedure: (ExperimehgiNo.ié9) -A subject, 8. é.; was

. bled on two occasions with an £*téﬁva1_of 10-15 minutes between the

_Eleediﬁgs. The blood came from different veins and involved the use

of different syringes.. Samples were designated "&" and "b". The white

°

hlood counts on the two samples wéré 5.375'and 5.925 x i06 whe/ml

respectively. - Cell suyspensions were prepared ffpm each sample and were

_found: to contain 4.75 x 106 wbc/ml.and 4.25 X 106 wbc/ﬁl. Two integrid
o - _ 2 e

L]

fet;i dishes -were prepared from each suspension and were stained:énd

counted as in’ Basic ﬁethods and_Matefials.

-

;

T (V) BSEBEEE: The'counts are shﬁwn in tables 43-45 below.
TABLE 43, ~COUNTS .PER ML. (CONCENTRATION OF CELLS) AT VARIOUS STAGES
. . . ) P S ’
-QF THE EXPERIMENT. f
White éell White Cell White Cell‘ " White Cell White Cell
Count Per | 'Count PeTr Count Per ., Count Per Count Per
ml. ‘ ml. Plasma ml. R.B.C. |, ml. Final ml. - .
Heparinized Sediment Cell ‘Discarded
Blood },q Suspension |’ Plasma
(Millions)-l (Millions) |, (Millions) (Millions) '
a. 5.375° 2.350 4,750 12500
I - ) "
b.  5.925 ;/éﬁoo 4.200 7500 .




TABLE 4%, .TOTAL (ABSOLUTE) COUNTS AT VARIOUS STAGES OF THE EXPERIMENT

]

) Number of Number of Number of;‘ Nuﬁber of Number ' of .
White Cells | White Cells White Cells | White Cells | White Cells . B
in 11.0 ml. | in Plasma in R.B.C. | in Final in : )
(each) B "Sediments Cell Discarded
R - Suspension Plasma
e . T
:(Millions) (Millions) " | (Millions) (Millions) oo
v + / )
a. 59.12 | 36.5 12,22 in 43.94 ) 850,000 e
- .. (7:3 ml.) (5.2 mi,) (9.25 ml.) | (6.8 ml.) F
b. | 65.18 40.88 10.92 39.31 . |. 510,000 -
- (7.3 ml.) (8.2 ml.) (9.25 m1V) | (6.8 ml.);' :
TABLE 45. MACROPHAGE.COUNTS = . ~. ; .

RN - 1

Counts of Macrophages

Expressed as Number '

. of Cells Per Petri
© Dish '

¢

‘Number of Macrophage

Precursors Pgrcﬂl.
of Blood

. Percentage- of -

Macrophage
Precursors in
Blood ..

a 290,716 328,966 6.1%
: \
a 288,752 326,746 6.1%
b " 249,466 . 347,785 5.9%
by | 247,502 345,047 5.87




. TABLE 4b. ANALYSIS OF VARIANCE .

-

-

68

Source of" Degree of | Sums of " Mean . ©FJ Probabilit);
Varjiance Freedom | Squares | Squares ‘ o
Between the y A )
parallel -1 3087 3087 9.414
experiments : a i - L
L integr:id b X . _
Petri dish 1 7 ©7:1 0.00213
(a) vs. (b) - * :
. /{?."1- 4 > !
Interaction s’ N S
aor b - - 1 o 0 0 -
experimental N ' ) .
group ‘ ’ " \
With the 24 7868 - " 327.9
samples ) .
. Ay ~ . : . . -
| Total 27 109.62 - !

- Tables 43 and 44 show the cell coricentrations and the total numbex
of cells present in the various suspensions. 1t should be pointed out

here..that there was a diffet_enée in the total white cell counts 'in the -

two samples of blood.

t

Y

Table 45 shpwsﬁthé counts Gf macxjophages obtained in -each Petii
’ v v

dish and_ the calculated pe"féentages'

When analysis of variance was performed (Table 46) , no difference

was seen betwéen Petri dishes obtained from ,thle' same cell suspension;

. precursors present in the -blood."

¥

and absolute ' number of macrdp

o

P
A
« i

C //

f
hage

however, a significant difference was observed between the results of '-°

the parallel experiments performed on entirely separate blood samples

"7

h\np

with a_probability value of p { 0.05.

5

K}

! :

|



1. . L ' 3 + ., . Lo ’ .

~(vi) -éonclusion from hoth experiments:. These experiments are .

°

reassuring in that the processing of a blood sample does not introduce

H
sign,!hcant variation even if the sample is "split into halves which are

:

- processed separately. ‘There is some variation in macrophage count,

\

. however, if separate bleedings are performed on. the same subject which

in ‘this experiment amounted.to a difference of six percent. This

difference may be due to variability of the original white cell count

-

in the blood which in turn could be technical or pQSSibly due’, to a -.,{

" hiologic variation in the subject. i
. } 2 v,
(d) Normal values from a series of healthysubjects

°

In the experiments performed up- to this point, 24 were technicaily"
-'.satisfactory and the counts of macrophage precursors from thesé are
shown in table 47.. Calculations from this data in&icate that the - B

average macrophage precursors count was 225,000 per ml. blood-with a

‘o

standard deviation of 100,000. . When these counts are expressed as a

pércentage.of:the'total white cell count it appears that the average
N :

- B . . . 1 . ‘o *
. N

macrophage precursors count was  3.7% of the white count.

- ¢ . . P [

It was {nteresting and reassuring to note that the second series °

‘of healthy individuals that were tested (details given in table 7 of ‘\‘__
, section [B]8) gave results 'which were very close to the above, namely . )

.

216,000 macrophage precursors pér ml. of blood with -an S.D, of 103,000

and 3.5% of the total white cells were macrophage precursors.
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TABLE 47. RESULTS OF MACROPHAGE COUNTING IN 24 HEALTHY. SUBJECTS
'EXPERIMENT NO. WHITE CELL NUMBER OF - MACROPHAGE .
. COUNT PER - MACROPHAGES PRECURSORS -
ML. BLOOD PRECURSORS IN BLOOD AS A
(MILLEQNS) PER ML. PERCENTAGE .OF
o BLOOD - | THE TOTAL WHITE
; y (THOUSANDS) BLOOD CELLS
11 5.12 109 1.9
.12 112,40 472 3.8
R ¥ 6155 270 -
© 15 5.70 108 1.9
16 4.45 167 B~ 3.8
17 6.15 272 4.4 .
- 18 ~1.50 369" 4.9
19 5.80 213 © 3.7
X 6780 - 328 4.8 ]
22 5.8 . 219 3.7
26 5,45 261 4.8, .
27 - 5,20 53 1.0
29 5.52 238 .« - 439
) 4.65 128 |- 27
'3 ‘ 6.15 334 5.4
32 T 5,90 130 “2.2 0 Y
33 5.20 180 3.5
3 . 5.67 198 L. 35
] - |
.35 5.87 " Y181 — 31 . -
36 6.37 217 3.4
37 7.75° 300 o | o380
38 6,32 o1 ., 2.1
39’ ' 5.64 337 ' 5.9 °
.40 4,55 235 5.2
*MEAN -, 6.023 . 225 © 3.7
'ST. DEV. 1.61 200 S




-

s

A ]
. . (b) - -Experiments - L '
' - .. B i : B * L t ! “ . . e o o
-~ (1) Direct observations.. " e e T T
*'  '(i1) Preparatién of cell suspensions at 4°C. .- "
2R W P R |
“+ .. " Expériment No. 41. . :
: ‘Experiment 'No. 42 .. . _
. L. e L . ., e ‘” ". \ L, AN
L Combined results of experiments 41 and 42 . -
) . Conclusion . . -
° (111) ' -Experiments with E,D.T.A. ' o
‘. . . .. Probedure . ) e . Lo .
. - Results and Conclusion , o @
. - - e . ——— . . ‘. ’_ N ~ ‘ . ..: . . .. - X r
- . (c) General conclusions’ . S \ Lo
¢ -t . - , PR ] ’ e
coe e i . ’ - -
- A ) ; “ - . N i‘
) r A . ': -
) v . NG '
o ' ° . ) ;
. \ . - ‘ . L .
. ‘: , '. -. -“ :. . - x ' 3 }
o R ', , . o . .. A - . 2
— b < . . - . . B
. i . o s \ . - . - -
) - . v 4 Toa \
- * [ N ' . 3 .
. - . ol > Vi . N -
. , . o
, K o T N
! i < ' . i JT * ! .
o - 4 . “ N "
N ) * . A L - N N
ws * - . N ¢
) -] [Y N - ' , .
Il ! ) ' - i '

« .

- (a)

A N
> ‘

1

,

s

\

‘Introduction .. . - L o

¢

.. - 5. EXPERIMENTS TO INVESTIGATE.POSSIBLE ‘ADHERANCE OF CELLS ‘TO cﬁAéswm'.




£

'

5. EXPERIMENTS TO INVESTIGATE POSSIBLE ADHEﬁANCE OF CELLS TO_ GLASSWARE

°

(a) Introduction

Because monocytes and” polymorphs are cells with the ability to

stick to glassware, it was 1lmportant to find out if we were losing cells

.
R

from this cause during the preparation of the final cell suspénsion.
Having demonstrated that some cells remained on the élassware, some
experimehts'were performed in.the co%d"and-some with.E.D;T.A. in an
attempt to .remedy this situation;

- (b) .- Experiments

(1) Direct observstiong: The glassware from several experi-

\

ments was rinsed in saline after use and was treated with Methanol tqﬂ

fix any adherent‘éells.and then stained with Giemsa. There was in all )

)

" casés a variable sized population of cells sticking to some parts-of

[y

- the glassware. In one experiment some of the tubes were cooled'to &°C.

after fhe blood had been added; this showed an appareng reduction in
»
the number of cells gdhering.to the tubes. The number of cells adhering

. ’ L] .
was Rot easily quantitated, -so other experiments were undertaken in

' whlch cells’ weh§5processed in. the cold.

(ii) Preparation of cell suspen51ons at 4° . Two experiments

were peégormed in which half the blood sample was processed at 4°C. and.

, .
half at room temperature. The outllne of each experiment together with
L]

i

the accumulation data fon,each will be presented next. :The combined - .

-

resp}ts will then. be described in the text together.

-

Experiment No. 41: ‘20 ml blood was taken from K.H.

into a“heparinized syringe, dextran was added and immediately the sample

was dispensed edually into 2 test tubes. One tube waS'incubated far 2 oo

hours‘at 37°C. and followed thereafter as in "Basic Methods and Materials".



The second tube was incubated ;n“an ice-bath for 2 hoﬁrs,'and was

* processed théreaftetr at 4°C. Cell‘suépeqsions containing 3.575 x 106

Cold

37°C.

from the 37°C.~incubétidn1méthbd were prepared.

TABLE .1. PROPORTION OF CELLS IN BLOOD

< 1

~

r

N "

L2

-w.h.c. per ml. from thé\cold proéeduggfﬁhd 5.000 x 106‘w.b.c. per ml.

b -

‘Peripheral Blood -

i

" | Toral 5¢55-x% 10® w.b.c./ml.
8

A

-

— " Percentage.

o

"Polys.
Lymphos{

.Monocytes

cells

UJLlassiEied_mononuclear

203 cells were céun;ed

’f ‘.

% .
60.0%

- 36,02
1.5% .

2.5%.

4

TABLE 2. COUNTS PER ML. (CONCENTRATIONS OF

THE EXPERIMENT

@

CELLS) AT VARIOUS STAGES OF

White Cell White Cell | White Cell Wbite Cell | White Cell
Count Per Count Per . Count Per Count Per *Count Per
ml, ml. Plasma | ml. R.B.C. | ml. Final ‘| ml.
_Heparinized Sediment Cell | Discarded
Blood - -Suspenﬁign - Rlasma
. @
(Millions) (MilYions) | (Millions) | (Millions)
° . 9 ¥ _‘ . B
3.550 6.750 2.850 . 3.525" 100,000
4 0 A .
5.550 ° © 6,500 3.400 - ."'5.000 100,000
- N =
& A f‘ J
s l
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TABLE 3. TOTAL (ABSOLUTE)°COUNTS AT VARIOUS STAGES® OF THIS' EXPERIMENT
. - ; ) > .
- —xY
%*(;_ﬂ’,,__,. Number of - | Number of’ | Number of | Number of Number of
e 5 | White Cells | White Cells| White Cells | White Cells [White Cells
g in 11 m1. .| in Plasma in R.B.C. in-Final in '
g ~ .| Heparim{zed Sediment  .{ Cell Discarded
&= Blood Suspension Plasma
LA o '
" 7| (Millions) (Millions) (Millions) ‘(Millions) - |- ,
i : N - .
’. ’ 3 : v’ N
Cold 61.05 ‘37,13 19.95 35.75 550,000, °
' (11.0 m1.) | 45.5 ml.) (9.0 ml.) _—
- " 5 ‘ L I \ : .
37°C. _ 61.05 .. -44.85 . 19.04 50.00 600,000
. (11.0 ml,) (6.9 ml.) ‘|- (9.0 ml,) .
“ : ":* 4 i

.

P &
-~

TABLE 4" MACROPHAGE COUNTS

“\

Counts of Macrophages °

Number of Macrophage

Percentage of

Expressed as Number of" Precursors Per ml. of Magrophage =
Cells Per Pe;ri*Dishj ; Blood ’ a Brecursors in. <
<\ N (Average of 2 di§hes) Blood kN
. — \
675,719 280,550, 1 5.0%
" 770,006
° : \ :
809,292 " 234,390 4.0%
880,006 " _1~ . 4

v

3

Experiment No, 42 below: L

[}

T o
_ These results will {be

discussed in comb

-

&natiqn'with those of

P




[

Experiment jNo, 42: .20 ml. blood was ftaken from M.C.
into a heparinized syringe. ?he.dext;an-treated blood Was separated into .

o

"2 equal portions and cell suspedgions‘conﬁéiniqg 3.05 x 106 w.b.c. per
: ' S ' TP

. - a Lymphos. =" Lyiqphocytes
» / It . )
Peripheral Blood : Percentdge-.
. o Total 4,325 x 106 wbc/ml,
2 . — ————— :
253 GElls wete counted ' .
‘- (Polys. | sroz
Lyrﬁph_os. ~»  35.8% ¢
a o * Monoeytes 6.5%
) - - Unclagsified mononuclear 0.7%
- s célls’ S '
i - :
;o o o
- TABLE 6. COUNTS PER ML. (CONCENTRATION .OF CELLS) AT VARIOUS STAGES
OF THE EXPERIMENT . .
- v
: White Cell | Whité Cell -| White Cell | White Cell | White Cell
Per Count Per Count Per Gount Per Count Per
0 . of . ml. Plasma ml. R.B.C. ml. Final ml.,
y. Heparinized. Sediment Cell . ,Discarded
Blood ' Suspension Plasmd -
t, (Millions) (Millions) (Millions) *(Millions)
Cold 4.325. %.700 2.325 3.050 60,000
. Lo . ;
37°cC. - 4,325 5.275 T2.475 « 4,150 . 127,500

7

" incubation were prepdre

:ml. from the coﬁlid method and‘4.15

l‘—g:

d respec;iveiy

o

‘o * ‘ s : N [}
TABLE. 5. _PROPORTIONS OF CELLS IN BLOOD

A ‘ .
.AbﬁﬁeViaqions: Polys

‘= Polymorphonuclear Lgukocytgé

X ;96.w.b.c. per ml. from the 37°C.

as in the previous experiment. -

-

[

n
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' « . TABLE 7.  TOTAL (ABSOLUTE) COUNTS AT VARIOUS STAGES OF THE EXPERIMENT - -. «
. o ' . ) . 9¢ - ;
Numker of Number of ,|° Numbér of Number of- ' | Number of
Whitd Cells | White Cells | White Cells | White Cells | White.-Cells W
L in 11.0°ml. | in Plasma in R.B.C. in 8.0 ml., | in Discarded - _|[.
- Hep'arini\zpd Sediment Einal Cell Plasma
, o | Blood o ’ Yo |0 s Suspension .
* . - P ) )
. ’ ° v
(Millions) (Millions). | (Millions) (Millions) J
. ; . . . \ . . «
Cold 47.58 -1 - 24.44 16.97 . 244 .| 282,000
- (11.0 ml1.) (5.2-ml.’_.)','_\ : : (8.0 ml.)-;‘ s
.’ ) . ~ 3 l:: - ‘ . . ’ .b [ . il\
37°C - 47,58 . 38.180. 112.75 332 895,500 ° 3
, - (1.0 ml.)- (7.35 ml. ). (- = (8.0 ml.) S ' |
v : ’ " ° LY “\ ‘
- , ,;'nn R oo ~ i “a . g:
' .TABLE 8. MACROPHAGE COUNTS: : L -
. .o ; ; 9 h . .
o 0 ] . T g ..~;' 0' - B .' ) ‘. A
* ] Counts of Macrophages ‘Number of Macrophage "Percentage of
) Expressed as Number of. Percursors Per ml. Macrophage
; . | Cells Per Petri Dish - Blood - Percursors in .’
’ T t : . (Average of 2 dishes)-. | - Blood &
. \ 18 ' “ i . ’ "
"Cold (a) | ¥ . 652,148 - . .
g - 264,616 . 6.1% )
Cold (b) | , ... 840,720 o " -
g . ' ' ‘.‘. § a
237°€. (a)|_ 919,292 ¥ L Co
. . : < 227,231 5.2% .
37%C. (b) 825,006 a ’ ) t@ ‘
- \ v f ' _ . B
. . o 4 1R . o N o
1 * v, ! ) . ’.‘ . ‘f
Toe N ' ! £ . A -
) ‘ ' ] - ": I; ’
s .:7 a1 v |‘ [ 1;3){: ® e . ; . " -~
’ " ] - - i. . (‘ f ‘ .
¢ .“ N . b M R i
Lo B Y ! - .«
l“ . 0 . . et . d {
i ) ol ’ ‘l-‘ . , -~ R . s V
) : Lo 1 '
Ca | - S Y ’ +



" TABLE. 9.4 MACROPHAGE COUNTS AND BALANCE SHEETS SHOWING DISTRIBUTION OF CELLS

-

¢ - -

-
-
o,

[} -
@

e

3

47

x

S 2

3
*
~

e

frc
i ,

w7

Y -

(FIGURES IN MILLIONS). <&

n

o, " . BLOOD COLLECTED (13 ?hASMA . (1) 'CELL SUSPENSION "PERCENTAGE. OF
"CONTAINS . ° (2) R.B.C. SEDIMENT (2) DISCARDED PLASMA- '  MACROPHAGE
LY .o (3) - R.B.C. SEDIMENT "PRECURSORS "IN
) N, e - : — -~ BLOOD ‘
; R -(3) TOFAL . {%) TOTAD™ :
EXP. 41 " 61.05 (1) 137.12 S 35.750 L . L 5.0%
ra. InCold - - , - (2) 19.95 (2) 55 ‘ S
N L . (33. 19.95 —
o ST (3) 57.07° : (4) 56.25
o e I ’ . . P
“b. 37°C. . 61.05: (1) 44.85 (1) 50.00 4.27
‘ - - (D) 19.04 (2)- - .69 T
’ - , (3). 19.04
- S (3) 63.89 (4) .'69.73 -
’ - ) “ 1
" EXP. 42 . 47057 T (1) 24,44 (1) 24.40 6.1%
. @ 1InCold o o - (2) - 16.97- (2) .28 ) '
e ‘ ' : (3) 16.97. o
~ . - - € ! ‘.
_ _ L (3) 4141 (4) 41.65 ,ﬁf’ )
5 ST - | R g -
_; Bl 37 Cl. 47057 2'(1) 438-80 . ’ R (l) 33.20 : .2%
I AL (2) 12.75 © () .89 ,
o ‘ - ) C (3) 12.75 - . "
3 o
- . . " ‘| .
N . (3) -51.55 (4) 46.84
£ ' . —
' . w e R 7
- . - :
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Combined Results of Experimehts 41 and 42; ft can be
seen in Tables\B and 7 that the volumes of plasma obtained after red

.I“\‘
blood cell sedimentation in the cold were considerably less than those -

obtained by sedimentation at 37°C. It was-possible‘to obtain between:

a
‘

1.5-2 ml more plasma in the latter case. g ' » T
a .’. LY

Tables 1 and 5 show the proportion ofkdrfferent white celld*in the

N

blood. Tables 2, 3 and 6, 7 show the concentrations of white cells and

. ."\ . v
the total white cell counts. in the various cell suspensions. It can.be

seen that fewer cells wére obtained with the oéﬁd procedure as. compared -

) AR Y

with the éarm. This is a second difference between the two methods. -

" .Tables % and 8 show macrophage'counts from each experiment separately '

- qhich are then tabulated together in Table 9. It is evident that there
. N . . . R . v - N .

was a 15 per cent 'increase in the calculatéd number of macrophage

precursors when the cell suspension was prepared in the cold.

- Two further differences of a non-quantitative natdre which %ed to

the abandonmenf of the cold procedure are (1) that a floécular;clumping

of cells and platelets occyrred ‘during the sedimentation procedure

when it was performed at 4°C. (2) ™fat the cell monolayer in the Petri

—

" dishes was patchy -and uneven evidently résulting,from the earlier

.clumping of cells. Thus the macrophagé count was not as reliable as

' we would have liked.

5 ' i '™

AN
*

-4
. . . ®

Conclugion: Sedimenting and processing cells at 4° C.

gave (1) less plasma cell suspension. (2) Smaller total yield of white

’

cells presumably due to the smaller volume of plasma obtained (the cell

1
~ -

concentration was the séme) (3) When the number of macrophage precursors

.‘per ml. of blood was. calculated,'a higher figpre was obtained from the

cold proceduré. (4) Cell;clumping in the plasmatand consequent patchy«
- ) -"‘,\’— . . s ) I . '.)

. ’
R . N . .

r . ' Sy,

L



distribution of macrophagesl in the dishes led us to abandon .the cold. )
It ot ’ L ‘
prooedure. _

(iii) -Experiments with E.D.T.A.

' Procedut“e: Eleven experiments (Nos.. 43, 44, 45, 46,

‘4.7, 48, 49, 50, 51, 52, 53) were'performed subs'ti't'(lting Ethylenediamine~

'tet"ra Acetic Acid (E.D.T.A.) for heparin. This was 'to test whether or
A

. not the addlt:lon of l:. D T. A. y With’ its known effect of preventing white

-

blood cells from sticking to glassware "wouI d increase the number of

macrophages grown from a sample of blood; t:hdq‘?‘r is to say E.D.T. A could )

h . . . .

;educs possible losses ‘of precursor cells during the preparation of the -

' N .
cell suspen31on .o

E. D T.A. was. made up as follows. 100 ml. of distilled l‘f’O was
added to 2.7 gm. of E.D. I‘ A. (manufact:ur\ed by British Drug llouses) to
dissolve the dry powder. This solution was ster:lized by pasging,
through a millipore filter. 10 ml. blood,ssmples' were obtained in’

syringes conta'ining_vario‘us doses of E,f).T.A. ranging from 0.4 ml. to

"1.5 ml. of'the 2.7% w/v stock solution. cell suspensions were  otherwise’

prepared, incubated for seven days, and stained as in '"Basic Methods and

'1'” ﬂ e

"Materials", B - - S

i . : >

"Resul{’$ and conclusions: Examination of the glasswaré’

"in two experiments did indeed show that E.D.T.A. hsd'preventfed adherence

'

: J . N , . . [
of cells. However, *in one experiment after atother there were no

2,

mac’z:ophages or- only very scont;y macrophages, small in size and unhealthy

\look.‘i'ng, to be found.in the Petri dishes. This was gnftially t?ougl_\t

to be_due to a tox'ic‘.‘_effec‘:t of E.D.T.A, However in Experiment 49 part
CL B 4 - o

B + .
s Ve

.

of tn.e.'l:'qlood‘-sample was- taken into a hépsrih zed syringe and this top™— " -

4



L v . B . - ‘ BNEY A

' . ’ ’ ' ' L

produced virtuélly-no-macrobhagés: Thus we had to conglder other causes o
. € h . ‘ B . . - o o L]

for the failure of macropﬁage dévelopment. It seemed’ likely that the

.
' 2

batch of human cord serum we were using could be at faulﬁ. We tried

Fetal calf serum for thé,hext several experiments? again with poor results.
Utimatély the F.C.S8. was shown to be.\Pxic when it was compared with .

+ fresh autologous serum. (Sce next chapter for work on the 'serum problem).

. \ »

. ’ - .
Thus there are virtually no results from this series of experimegnts
' . N ' i ' By . é

’

and the thesis Supervisor recommended that the E.D.T.A. line of inqﬁiry"
' . L3 « . . -

ﬁ; halted. - S G " » . . !

.
' ' .

e

[ v I

(¢) ~General conclusions : ! . X . ' N '

Wheﬁxphe used glassyare ‘was rinsed and stained, cells were Found

adhering/. Thus there was evidence of a loss of cells, even th;:%h'the-‘

validity exﬁeriments (Section B.4) showed no statistically significant
prefetential loss of any oné cell type: Nevertheless it seemed worthwhile
v - * . - X4 N .

[}

trying to correct this loss. " .- -

" Attempts to- prevent cells adhering\to glassware by a) preparing the’
. . \

‘cell suspension in the cold and b) ‘substituting E.D.T.A. for heparin'were

.
w e, VL )

considered to be unsatisfactory. Sedimentation in the cold caused Elﬁmp- L

At

ing df white cells whf&st the‘E.D.T,A.-éxberiments were spoil6h by serum
, i} o [ . i - . . R

“toxjeity. ' " ¢ 3 . ’ ' s
2 v ) . . - o .
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l.

of the varjious sera or plasma prepaﬁtions under test. ‘In some ex,peri—
.. N ’ v . .

6. EXPERIMENTS COMPARING AUTOLOGOUS SERUM AUTOLOGOUS PLASMA AND

.

FETAL CALF SERUM N\ .~ ' ot

/

() Introductlon .

hY
"

It was remarked in Section B.5, that for reasons not determrned the®

N
human Umb111ca1 cord-serum which had been used in several experiments

appeared to be toxic to the cultured cells.

- ¢}

This section summarizes trials made with plasma and varioys sera made
. a B - ot

in order to find the best materfal for the cell cultures.’ ¢

’

(b) Methods B .

- . ' '

{
For these experiments the techniques described earlier under the
headlng Ba51c Methods auwd Q&iterlals +were applied, with_ the exceptlon

)?
that the preparatlon of the final tissue cultureﬁhedlum fhvolved addltion

-

o . B - : ’ . ‘. .
“ments defibrination was performed by rotating glass marbles in thé
1 o

13

-

freshly collected blood. R

L c . . ) a . 1

- (c)  Experiments- « - « ¢

T (i) TFetal cglf serum (F.C.S.):" In seve? experiments (No. 61,

STy

62, 63 ‘65, 66, 67 -78) F.C. S was trled both fresh and inactlvated

. % ’ cud
The results obtalned from these exper1ments were unrformly poor. There

were virtudlly no cells surviving 1n culture after a week:

-
Ty eyt t

: e ) . . e BN )
Vo (ii) Comparison of F.C.S. with autologous. serum: In experiment

-

No. 65, the blood was immediately.deﬁiurihated. This sample was then
processed, and 3 final cell susuensionéﬂwere prepared one with 50Z
4 ./l .

" F:C.S. and the other with autologous serum. The macrophages obtained by

i

ﬂ ' "_ . r : ’ i .
these two methods were examined: and compared. ' It was clearly seen that
) ..A . ' ) . . v ’ * . - _ ' ..
the’cell suspensfon cultured in the presence of ;F.C.S. showed no
° @ :‘\L at . 4
macrophages. On the other hand when cells wereﬂfrown ig-the " presence

gf autologous serum, macrophages were sedn in abundance and -they appeare
r-\ . - LJ
s N .' P - -

LJ
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. . - - R . - M . 0 .
" .to be in good cendition.” This comparison definitely limked toxicity -

“with the F.C.S. T L -
) . . ' . ' . . .
Similar results were obtaiéziﬂ in a second experiment of this sort . \

2®

(Experiment No. 67) with the single 'diffé"tgrll_;;e that the F.C.S. had 5 S

e C

heen heat inactivated. Mac-:aph;;es appeared in the cul*res with .

autologous serum but not in thbse with dinactivated F.C.S

- [N

(i1i) Comparison of autologous serum with autologous plasma:.

In a}(peﬁriments Nos. 65 and 67 descrlbéd .above 1t was shown that
¢

autoloegous serum was C;uit:able for growing macrophages. 1t 'seemed
A=

A

1mport:.emtzh to determine if autologous serum was superior to‘@;utologous

¢

[\

' plasma” for thls purpose.'- In'this experlment whlte blood cells from a

-,

"single donor were cultured separatelan autologous serum and autologous
1/ : ’

@ .

-
.
-

I '

-

o . Procedure' (E*{periment No. 71) 30 m1" blood wps

taken fro;n D.S. into a hepa_rinized syringe. . Subsequently a further 10 ml.

- blood was taken this time into a dry syringe and allowed to clot for, the .
n PR . . .

preparation of‘autologous serum.‘.' 4.5"m1. of de':;tranA was added "to the .
heparlnized blo?d an.d the mixture- 1ncul:ated for twcf hour‘s atj’i? .C. . Cell
Suspens1ons conta;nlng (a) 6. 900 X 106 wbu/ml in serum and (b) 6.375 - " ‘
x 106 wbc/ml. in plasma were prepa‘re.d. 4 ml. aliquot of these suspenSions:
o

were placed in each of two 1ntegrid Petri dlshes (4 dishes «{in all) and
i

Results. The results are dlsplayed in l:he tablesf‘l 5 >

below which show that both .aut&logous serum a/nd plasma were suitable for o '

-

grow1ng healthy macrophages. The results of Erhé macrop?lage counts in

table 5 1nd1cate that the macrophage yield was about 3 t)lmes greater when

A - ’

‘'white blood cells were grown in the presence of" autologous\ plasma instead

of autologous %erum.‘ 4 . s

’ fo . . T . . P
. were cultured and stalned as usual - . . ’
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‘ R v . A i ’
TABLE 1. PROPORTIONS OF CELLS IN BLOOD \
» : i - \ i -
. . " ‘ g
-Peripheral Blood P‘ercenta'ge - )
. ) . . ) j‘ll",\
- " Total 8.4 X 106 w.b.c./ml. - : RCrees
\ ' ,'ﬂ:/l-:*; -
X 460 cells were counted
E Polys. . 77.0% AR .
. e . N
i N\ Lymphos . C . 21.5%
Monocytes. T o157 '
® . A4 8
. ) . . ) .1
TABLE 2. COUNIS PER ML. (CONCENTRATION OF CELLS) AT VARIOUS STAGES )
\ 'OF THE EXPERTMENT %
Ve ;-. N »S L ok "y
" | White Cell. | White Cell | 'White Cell- | White Cell | White Cell
. Count Per Count Per . |BCount Per Count Per. Count .Per .
. ml. .| ml. Plasma ml. R.B.C. ml, Firal | ml. Discarded
Heparinized . . | -+ Sediment | TCell .~ Plasma -
Bléod 1 ° N ' Suspension
ot | (Millions) |« (Millions) | (Millions) |. (Mi'lli%ns).
8.400 11,225 - 5.250 (a) 6.90 2}2,500 %l
. (serum) . "‘Zr,’f
) ] ' (b) 6.375 .
' (plasma)
. o
- H LY
v ) , =
1 d } ) «
) 1 - .. 'i
I 4 , . {
’ \ . y .
* h ..
Y . "‘\ . ? "
..d.. \,.:L et - 'IC | e # | ‘ »
) . L s !



.
-
0

o3
&

Petri dish 1

Petri dish 2 °

. ‘Petri dish 3

u'.Pegr{ dish &

|

. TABLE 3. TOTAL (ABSOLUTE) COUNTS_ AT VARIOUS STAGES OF THE EXPERIMENT

Number of . | Number of | Number of~ | Number of - Number of
White Cells-| White Cells | White Cells | White Cells | White Cells
in 33 ml, - |"in 21.8 ml. | in 15.7 ml. in 2(9) ml..-] left in'2.1
Heparinized | Plasma -- R.B.C. Final ml. discard- Y
Blood Sediment Suspension ing Plasma ’
(Millions) SMilli?ns) (Millions) (Millions)
o 277.20 244.70 82.42 | (a) 62.10- . 5.70 .
Q (33.0ml.) |- (21.8ml.)| (15.7 ml.) , (2.1 ml.)®
- : .o ). (b)) 57.38
| (9.0ml.
. - each) -

g

o “'-/"‘

L

~ TABLE 4. . BALANCE SHEET SHOWINC DISTRIBUTION OF CELLS (FIGURES IN MILLIONS)

‘

-

.

-Blood Collected -

Plasma é R.B.C.
Sediment

Cell Suspension Pliis
Discarded Plasma Plus
R.B.C. Sediment

.
-

Total: 277.20

Total: 327.10

n
[}

" Total:

207.65

‘

" TABLE 5. MACROPHAGE COUNTS

‘Counts of
Expressed

Macrophage -
as Number of

A

Number of Macrophage
Precursors Per ml.

Percentage of
Macrophage

.| Cells Per Petri Dish Blood’ Precursors in
. . » Blood
408,574 o © 124,345, . 1.48
. 440,003 °°TUT 133,913 — ¢ 1.59
. . ., .
- . - :
1,375,010 - 452,945 ' 5.39 .
“ 1,398 ,'581 Plasma ) . 460,706 t _’“——’S_.AB——__——___

1
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¢ ) « (d) ‘Conclusions’ : ‘
. 2 —-————-————— N “ . n
I3 il S . N ’ . " . \ i e .
- From the above experiments in which comparisons were'made between
F.C.S., autologous plagsma ,én\d autologous serum it was observed that
- o t— . N X R . . . ] .o . N
F.C.$. was toxic whilst autologous plasma proved to be a better material
: . " : o W . .. . .
. . B A oL !
. . for culturing macrophages than autglogous serum. ! . \
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7. DETAILS OF THE FINAL METHOD EVOLVED FOR CULTURING MACROPHAGES .
%{ ) 1 R . °,

\%‘ Following .the experdments desf.ribed_ earlier in this !:heéis, 16X s
o . } . . . . . ‘ ‘: .
" decided that the bit“methqd for growing macrophages from p&ripheral

a ‘.

3 “ s 4

blood in order to couht them is as follows: .

°

20 n]. of blood are withdrawn from an ax{te.cubi;:al‘vein‘in.to a.30 pl.

D)

Syringevcontaining,'Z ml. of a 4 mg ‘per m'l.. solution ‘of‘ pres‘erv.ati\e free

. ” B . - . . N .
-;lgep%n-sogguih made up as described under "Basic Methods and Materfals!. .
' o . % "' '. . ' ) [
: A'wh_i te ceII{‘ c'Punt is' done on this sample ‘in. & Neubauer Haemocytometer. .

Into’ the: heparinigled .blood is added 3 ml. of Dextran and the red cells

dre allowed to‘s_ediment at 37°C..for 2 hours.as described“under "Basic- .
. ¢ '] . - 3

»

" Methods and Materials". f ' o Cooe v

- .

-

v . ; i .
- as possible wé’th a Pastedr pipette and is bg; into 15 ml.’ screw-capped .
LT N . '. o : _. F" . . 2 ’
centrifuge tubes (No. 12-8082 manufactured by Corning Glassworks), A =,
™~ 1] -~ ‘ [ . ‘ \E " [ . .
white “blood .cell count is made.on the plasma and the plasma volume

“ . - L s

N ~° . ( ‘. . ,. ;’ . - ’no K c
recorded. . . ) .

Thé léhk‘bc_yte-x"'i'ch plasma is ‘then cgntrifugej (ds described  under
Basic Methods “and bﬁer;alsb’ to sediment the white blood cells 'and leave
the’majority of the plételgts in suséensfon, ‘A_ftei:- céthfifu’gaﬁion, the

u'perna.tant i& removed with a Pasteur pipette and is replaced by an ,
. . t

2, -

O6f cqlls between 4.0 x 106 and 7.0 ‘x.106 per nl. ,.;I‘he 'puri:o_se of this

: e [P N S 7
" step s to. assure that. edch Petri dish contains not less than 15 x 1063
* white.cells and preferably between 20;—f5 x ‘1‘06 white cells. - '

The final tissue culture’ medium is 50:50 Eagles minim'al essentié;‘

sic Meth‘od":';

smedium and autdlogous ‘plasma with antibiotics added (Se
. ‘ ) ' \

.}_)_

.

The leukocyte-rich supernatant plasma: is then removed as completely .
: . pietely |

)

i
>

A

topriate amount of final tissue culture.medium’ to give 'a concentration "

°



te

3

P

ing moi t gauze‘sponges to prevent evaporation of the culture medium.

.

89 .

Cultures are‘incubated in an’ atmosphere of §A CO in air at 37° C for. 7

days.

-

I

@

~

4

«

N -

N

@

After 7 days of incubation, the macrophage layers are rinsed fixed

stained ‘and counted as described under "Basic Methods and Materidl

From theée counts, it .

macrophages per dish.and with the ‘aid of the total white cell counts,.

o

®

"

g

.

the number,of m@crophages grown from each ml. of blood.

.Othep detaiISgof the method,'including the statisticel methods
used, are describéd-earlieé_in‘the thesis under "Basic Methods and”
Méterialg“.

iq Figure 1.

S

&

\

ﬂu

-

(A
L)

_Two photographs of a'macrophage monolayer ‘are presented

E3

possible to calculate the total number of

"

’
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Figure 1. Photographs of a macrophage monolayer. Upper picture magnified

145 times, lower magnified 550 times.
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8. .ENUMERATION OF MACROPHAGE PRECURSORS TN THF. BLOOD OF PATIENTS WITH

CANCFR AND N HEALTHY CONTROL QUBJFCTQ -
¢a) Introduction 0 . - , ‘

3

In an ‘earlier section of tﬂis thesis (ée’ction.Z) the objective and

rationale of theae experiments was expl‘?ined in detail. The problem

came down tqa one of inve'atigating patients with advnnced cancer, who aré =

A

known to have a reauced macrophage. regponse to akin abrasion and a.

reduction in their cell-mediated immune’ reeponses_, ‘to_see i;they have
reduced n.umb.ets_ of ‘macrophage pre.cutsors in theit. blood. : Pr@_i,ous
. eections of the thesis describe the development and evaluation of a
method for counting macrophs&e precursors. In the final®*weeks of

experimental work it was- possible to apply the ‘test to 7.,hpatiente with

cancer and to-a serie,s of healthy controls. :\
~ . * . . ’ ; Ve . . L
" (b) Method~ - e : '

The technique used'foi:* these aexperiments has beeanlescribed in\‘a

. ¢

separate chapter entitled MDetall of the Final Method Fvolved for
Culturing Macrophages . For statistical methods see page 29. . ’
(c) Results « ‘ . ' T

’(i)' Patients and controls. In table 1 the .relew’/ant details

~of the patients .are presented, It can be seen.that the types of . cancer

?

are varlable, that 2 patients has no metastases evident "and four patients

.

“had aefinite metastases. 'I.‘he seventh patient had lymphosarcoma. The'

gex and ages of the healthy controls are given as part of Table 8

<

Tables 2 and- 3 present the relevant haematological data from both groups

of individua



TABLE 1. DETAILS FROM PATIENTS RECORD )
. . , ) s . T Y
E c M.C.P. N o ’
Xp. .Cancer .C.P. No. or . e . e
. Sex N . N .. < . N ‘o
No., .Patient No. Age- Date of ‘Birth - Chart ? , Admis . ° D1agn951s .
72 1 A.s. M 57| 9, Nov. 1914 | 14-11-09 3453 Lymphosarcona |
76 '~ 2 H.T. o 67 . 1904 : 04-11-31 ' . " Bronchopneun.x;mia. Sus'pected ‘
- ) ’; ' _* Carcinoma of lUng. . :
. ‘ . e a -
? 8
79 3 M.S, . F- |~ 8o 20, Jan:1891 91-01-20 30- - Carcinoma of breast; removed !
- 1966. Lung Metastasis now. -
. . TN < /' , - '
. 80 A E.M. F’ 62 07, Aug.1909 09-08-07 3555 Carcinoma of stomach.
) - . ] . Metastasis in liver.* .
. z N . . .
91 '5 M.W. 8 -78 848-930-610-011., ~_ Carcinoma of stomach.-
. ' . ‘ , ' Metastasis in Lymph nodes.
92 6 H.B.~ M 77 él, Aug.1894 . ‘36241 ° Carcinona of prostate.
. - - , : No Metastwgis. .
93' | 7 H.K. M. | * 8 | 468-881-570-013 | 88-06-03 13675 ~_| ' ‘Adenocarcinoma of Sigmoid .
R . ) ' : : . .t ~ Colon. No Metastasis at.
,/; o L % operation.+’ - :
RE 0 . . <« ¥ ‘
* Macrophage count one week postoperative. . a '
o L _ B ;
. . ") . .
+ Macrophage count five days postoperative. ) )
- - ’ - : ‘ ™ - : ’ - ) LN
. »re . % . - , . -t - X * *
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. TABLE 2. PROPORTION OF CELLS IN.HEPARINIZED PERIPHERAL BLOOD '(ABSOLUTE NUMBERS) . - -

-
-

R

a

-

Healthy Controls > ,
o L .
| EXP. No. WHITE BLOOD GRANULOCYTES |  LYMPHOCYTES MONOCYTES | MAC. PRECURSORS -
' " CELLS (fm) (uim ) ) () ),
. L - - L . . ‘
70 ° 4650 ~ 2325 2232 - 93 246
73 . 5700 *3574 2041 86 | 88"
77 4660 3868 . 1646 149 .188
78 13350 -9545 "3505 300 455
. . T -
81 6625 4174 2054 3974 - 227
- - L ‘ R g . : . ‘
83 4475 ‘ . 2707 . 1544 . 224 © 228 .
86 4350 2967 1144 . 239 ;: 165
= — . ’r LY -
MEAN 6259- 4023 2024 213 228 -
STD. DEV. 3232 ¥ 2509 - . 0751 113 113
; - T L T o
. ' . -0 /,_
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TABLE 3. PROPORTION OF CELLS IN HERARINIZED PERIPHERAL BLOOD .(ABSOLUTE .NUMBERS) *
- - , . . .:.4 A ‘ .
Cancer Patients . S L : -
B ’ : _ S ’ - ’ . ' . - ’ r ' . M

- /"'

- H
o
i
Iy
i
ol;’l
“
~
-
-
L]
'
)
N
» .
M '
-
’
.
- .
.

EXP. NO.

7 2

WHITE BLOD

. GRANULOCYTES,

* LYMPHOCYTES

MONOCYTES

MAC. -PRECURSORS

o cEus @) | ) A Gmdy =) - (em?) -
s 0 T ) -
. __ . ¢ . I S )
72 - 10175 1t L7930 2137~ 102 T 132
L. s P e .\‘ &, b
76 4200 .2730 1344 - 126 s 323 _
79 4325 3610 0519 - 195 - © 168
80 10675 .0 9100 1200 374 191
~ . N
91+ |- -=#100". [ 71550 1183 . 364 43

.92 7625 5260 1982 381 TI Y S
93 7 5600 | 4700 /° | .° 0620 280 S91
. 7 s ' .// t 1. ) N .
MEAN 7386 5840 .. 1284 260 . 163
STD. DEV 2717 | 2387 fogra 120 . 90
4 - " ) T e ] i :'Ja- «

- Tey ’

- - . - . -' ) -

5



. ” (1) I’regaratlon of CEH_EEEBEE.‘HQE"‘ .Table 4 Hlm;ily shnﬁ S

the co}l concentrntionn in the vnrious,sunpenajonﬂ‘exnmlned dunlnn the .
course -of the expéniments. - These ¢ounts bgcone more manningful ﬁn’
_Tnnléa{S and 6 when thefhore convorted'qo nonolote,numbern, that s fu
say total counts for cach susoenolon. - 1t can ne seen ln-%nblcn 5 and'6

that about '65% (69% In thlthy controls and 63/ td cuncer1pnt|ontn) of

thc cells orif,innlly present in the blood samples were recovered In thc
plnsmn BUBanSionB, leh gome 26/ sed)manting wlth-the rad cellu. There

were at th[ﬂ stoge nbout 107 cells unnccounted.for. ‘When thé cells In

the plasma were further processed to produce the final cell suspens lon

i1t lg Evloent,thnt further colld were lost, some In the d4ﬂcnr408 plasma

.supernatant and some unaccounted for. The.finnl bberuil ylelds of cells

were 557 and 99%'for,normnl and canaser patients respectively, The cells™
o ) " B " --- ,, N - L . ' N Yo
-not gecounted- for amount to 167 of the total for healthy subjects and 25%

-

for pnflenta with cunocr. o - N . [ .

13 - . '

' (111) Mncrophage counbing In-Tables 7, 8 and 9 the fenultﬂ.:

.o . ) L@ . ’
of ‘macrophage counting are presented. Table 7 presents’'the numbér of . »
. S - . .
mncrophage precurgors in ten-healthy subjécts. Only seven of ‘these
Q l
(Tuble 8) were used ag controls for compnriaon with the _seven cancer |

patlents,'the results from experlments 85 87,88 were arhitrnrlly removed

. . >

-

v

from the contfol scries since it vas neceasary to remove two males and
, one female from the henlthy group to malntain the same "gex rutlo as {n

the experimentql groups . -

;, ‘_" ' 1t cédn be reen thnt both the averoge number of mocrophnges

. per mlm.of_hlood ag well as the average percentage of the white cells
v . . . P ¥ . - . .
,which vere macrophage precursors are lower in the cancer group, However

.-

4
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TABLE 4, _COUNTS PUR ML. (CONCENTRATION OF CELLS) AT YARIOUS WIAGES oF  ~.

. " THE EXPERIMENT

PN

;o -‘v‘ A )
. ‘ N y ,.o
Healthy Controls ST
CEXP. | WHITE CHLL - | WHITE CELL |WHITE CELL | WHITE CuLL |wirrs o,
No. | CoOUNt PER | COUNT PER .| CDUNT PER .. | COUNT PER 5| COUNT PER ML.:
I ML " " N MIJ . pLASMA ° _ML o- R: B . C [ ML [ IN -7 . '” ﬂ(JARm’J)
HEPARINIZED | ° . | SEDTMENT PINAL CELL | PLASMA
BLOOD S ' SUSPENSINON | SUPERNATENT
> COmLTons)  INMILLEONS) | vzinionsy | ernrons) | emous anng)
70 4,657 '6.5;] 2,40 4.5 L1720
73 5.70 5,87 4.12. ' 5,47 25
1577 .66 0,77 - 3.67 6.47 117 ,
78 | 13,35 9,67 5,70 6.25 - 62
. 81 T 6'62 . (’cl‘z . .4'4‘2 6077 | 165
83 (‘048 5540 .20’85. * : 5-70 77 .
| 86 4,35 7,47 ©2.85 Y .122
| MEAN 6,26 | 6,60 3.72 5.64, . 106 .
| sT, o oy . L
DEY. q.z:f 1.61 P .%.14 0.95 54.
Cancer Patients .
c22| 1007 745 |- B.25 N T
S76. 4,20 3,60 1.65 C 13
80 10:67 . 10;77 50.10 172
91 . 910 9,3 4,42 120
92" 7,62 ' 5,70 5.55 140 .
93 5,60 4,95 3,45 ” 130 i
. [Y f R
MEAN 7,39 T 4,54 .91 -
S‘Iq)o . ' T ,
DEV, 2,72 3.00 g.os 65
LA RN ls ‘
' }
. , SV
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. ’ - ’ ) ,-—’ ’- N ]
- . N -~ ‘ao
. L&
. Vs 'IA.BLE 5. TOoTAL (lABSOLm)‘ (.ZOD’-'}.;S AT VARIOLS STAGES OF TEE EXPERTMENTS
Healthy Cofztrolsl f, Ry - : . f . co
EXP. XTMBER OF y STMBER OF : _ STMBER OF . NCMBER OF \ XOMBER OF .
yo. WHITE CELLS WHITE CELLS - _ WHITE CELLS’ + WHITE CELLS WEITE CELLS .
22w IX PEASMA IX R.B.C. TN FINAL . LEFT IX '
BEPARTNIZED i T SEDIMENT" ° CELL . DISCARDED
-BLOOD \ . ' STSPENSION SUPERNATANT
) ; K . ’ o : PEISMA AFTER
- e - . . CENTRIFUGATION
N 2 NS) -+ (MILLIONS MTILTONS) ¢ | (MILLIONS). . -
“ .,(311119 's): | (‘EELLIO S) 5 (\vn.mo ) (\g},.m\s) | (MILLIONS)
T : p _ ' 5 i
70 © 102.30 93.36 (14.2e1) $25.92 (10.8ml) | 52.20 (22=1) l 2,41 €14.0=1) -
.73 125.40 - 87.54 (14.9ml1) 41.66 (10.1m1)- 76:65_(1-';7:11) L 0.36 (14.5c1)
77 102.57 70.67 (14.8ml)- - 37.48 (11.231) §4.75 (14=1) - 174 (14.81) -
78 293.70 | 142,22 (14.7m=1) 58.71 (10.3=1) 125.00 (20=1) . ¢ 0.92 (14.7=1)-
81 145.75 96.37 (15.0ml “44.25 (10.0=1) | 94.85 (L4=1) - © 2048 (15.001)
. 83 . 98.45 74,25 (13.75n1) 32.06 (11.25z1) | 57-00 (1b=l) °. . 1.05 (13.5z1)
86 95.70 10465 (14.0a1) - 31.35 (A1.0=1) | 62.65 (4=l) 0 1.71 (14.0c21)
| MEAX 137.70 .- 95.38 © 38.78 76.16° 1.52
oo 71.11 23.80' - "10.82 - 25.78 @ ° ‘ 0.79
R + . K
. - L v . - - -
/g? . , A . B 3 .
, y . ) , . . . LOST BUT
~ FIGURESJ ,Exenzs:gED AS PERCENTAGE OF CELLS REMOVED FROM PATIENTS CXACCOGNTED FOR
’ 1002 692" 1287 552 U1z 162



- 14
A S - :
- ’ [ 3
' )\\\é ' - TABLE 6. TOTAL (ABSOLCTE) Eocxts AT VARTOUS STAGES OF THE EXPERDMENT
Cancer \Patients ) - ' a . . , "
1} ] . N . o ‘L .
EXP. . NOMBER OF ~ - NI'MBER OF- NUMBER OF Re-T NIMBER OF NCMBER OF
NO.  ° - WHITE CELLS |- WEITE CELLS ;. WHITM§CELLS WHITE-CELLS WHITE CELLS
. IN 228WL. L PLASMA.  C | U INR.B.C., .. IN FINAL LEFT IN -
Bred i  HEPARINIZED SEDIMENT CELL - DISCARDED
. BLOOD - S : STSPENSION STPERNATANT
e ' ot b v © :PLASMA AFTER
L. - < £ _CENTRITTGATION
. : - & .
. (MILLIOXS) QOLLIONS) . MILLIONS) MIIIIONS) _QOLLIONS)
- - . To
72 | - 142.45 66.30 ( 8.9=1) | 756,10 ( 6.8=1) - | 63.50 (1e=1) . 042 ( B.3=1)
. (14.001) : . DL . . '
76 92.40 ©55.08 (15.301) ;. 16:00 ( 9.7=1) 34.20 ( 9=21) | 0.19 (i5.0m1)
79 "95.15 V| 36.97 (34.5=1) i 35.44 (10.3=1) 39.60 ( 8=1) .| 0.14 (14.C=1)
8G 234.85 156.24 (14.35m1) . 53.55 (10.3=1)- 140.50 (20=1) 2.51 (14.0=1)
.91 . 200.20 173.44 (18.6c1) 28.32 ( 6.421) 96.00 (20=1) | .2.23 (18.6=1)
92 167.75 83.22 (1l4.6m1) ; 57.72 (10.4=1) 58.25 (10=l). - 2.04. (14.6=1)
- 93 123.20--, 93.06 (18.8ml) - | 21.39 ( 6.2%1) 84.00 (14<1) 0.13 (18.&=1) .
— s R
-} MEAY 150.86 94.90- 38.36 73.72 . 1.08
STD. ‘ em s - - . ) CoL a
. - 17.5 .
DEC. 53.43 51.36 1740 36.81 1.08
. )\{ _ ‘ .
. 1 \ - -
FIGURES EXPRESSED AS PERCENIAGE OF CELLS REMOVED FROM BATIESTS % ° LOST BCT

TNACCOUNTED foR

100Z

wewpe s

632

49Z

252 °

6
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¥ The numhér of macrophage precu

\

L

CPABLE 7. RESULTS OF MACROPHACE CouNTING IN 10O HIEAL'THY SUBJ ECTSH
. - _
| EXPERIMENT | AGE. [WIITE 800D | NUMBER OF | MACROPHAGH PRECURSORS
I NMER, & {CEELL COUNT - MACROVIAGE [N BLOOD AS LAGH OF
CCONTROLS) | BEX  [PER ML, BLOOD | PRECURSORS /ML, | "TUE-TOTAL WHC'S
. ’ ' BLOON ‘ .
o (MILLIONS) (THOUSANDS) :
- ‘. * = + .
MCW, tdh M- 4 650 246 . CO5.
S 3B, [ BM [ 50700 B8 1.5
B T O Y I Y L B 1 e |0 A
[ - - .
SRS SRS 1 I 24 PO T B LT IR WL 155 - N
A48 AL a2 M 6,625 227 3042
B) M. ] 48 M b5 208 5. 12
Sl s, 0w 7,175 190 2.6
86 C.Gu |51 M kL - 168 3,82
[ 874 |56 M 8025 278 R N
BB KR, (48 M ] . 3.875 o1 2,61
R ‘¢ . § .
4| MeaN 51,1 6,269 216 3.50 -
S0, : ‘ -
DRV, 6,9 2,83 103 11
3

" rOnly seven of these were -later compared with our seven cancer patlents,

\

to “+emove 2 malen and 1 female to malntain the same mex ratlo as In the

m .

-~ experimental
’ ko

Brogp.

7’

&

roors were countted in 10 healthy controla,

e 'Exp.or'lment Numbers 85, B7, 88 were arbitrarlly deleted srlnce Lt was necessary
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' TABLE 8, RESULTS OF MACROPHAGE COUNTING 1N 7 GONTRUL SUBJECTS . |
I €
| ExeuRuENT | AGE | WITTE BLOOD | MUMBER OF | MACROPIAGE PRECURSORS
NUMBER | . & | CHLL COUNT | MACROPHAGE  |IN BLOOD AS A 2AGE OF
(CONTROLS) SEX | PER ML, “PRECURSORS/ML, { THE “TOTAL WBC'S
o BLOOD BLOOD S
C(MILLIONS) - | (THOUSANDS) “ "
70 G |- w M |- 4,650 246 ©5.3%
e , . - ' ’ ..
: 7308.- | sam | "5.700 8y LY
CITHG. | 66 F- | 4,660 188 4.0%
78 G.C | 40 F |- 13,350 455 3,42
B A [ s 6.625 227 LK
. \\3 RN, | 4B M 4,475 228 N ¢ 3
.86 CHm | 51w 4,350 165 . L8Y
MEAN - 51,0 | -6.259 ° 228 13,8
. ] L ¢
. .STD- . N ’
| oEv. 8.1 3,232 113 C13%
. | - K
$ [) ul
11 .
. AN
. S ad
-' }
: RO -
v . . ‘ ‘.
: . . 6 A . ’ ' |
| S y
- . S .
- N v ,-ﬂ"
k< :

.qa

Ve,
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. TABLE 9, RESULYS OF MACROPHAGE COUNTING IN 7 CANCER PATLENTS

(=]
“ )
» -
) +

’

.

2

v
i

| exPERTHENT,| ~ AGE
| NoMBER &
(CANCER _SBX

| e nroon-

CELL COUNT _

| PER ML,

BLOOW -

"NUMBER 'OF

MACROPHAGE - -

PRECURSORS/ML .

BLOOD

MACROPHAQE PRECURSORS °
IN BLOOD.AS XAGE.OF
THE TOTAL WBC'S

l.‘
, ' (MILLIONS) (THOUSANDS) - PO
» . S . / e
SN B : .
72 stn | 200175 132 L \
76 6T 44200 - 323 :'qmz .

80" “62 ¥
| e 78 N4

92 7N

79 80 ¥

93 84N -

4,325

N 11;.'({'75
9. 100
7,625
. 94000

168
191
43

0

197
9L

3.8% ." ' PP

1,8% |
S A

2,6 R

1.5% '

STD. _\\4 .
DEV. 0.1

72,1

7.386 -
A ‘e

o 164
1

90

9.7

e

2.4

B 1 R ) !
& . & - ’
\-'t.\ S
o ‘; :
. (t-
" Al
" -‘ a
- : .
. .
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- Table 10 the product-moment correlation coefficieﬁt between vnrious

Pi& l are not significantly diffetent. Similar results were. séen when '53

ﬁ:the two groups (Tig 2) - S

. lfr correlation.was not obsirved The analysis of covarisnce showed a
significant differzTce between these correlation in the two groups of

‘ People. This 18 .1 1ustr§ted in Fifure 3. : Co

. to totalfwhite‘count and if macrophage count in health'is also 1inearly'

-

U TS [ < I

. . W

C s .
when a. t' test was performed on these figures it is evident "that they

are not significantly different.-J" S e . o

& . . : » -

. ek
(4

(iv) Statistical nnalyses on:_ all the haematologic data: -In

- — o S o o o o e o

t »

-white cell bypes 1is presented These correlntion tests were’ performed

[}
1 - °

;in the three groups which are- (h{rthe initial group .of healthy subjects

'S
described enrlier'in this thesis, (2) the cancer patients and (3) the

.,healthy controls subjects. - L - : -0 !

. .
- ot - . - ‘s -
- . VYA

0TIt ls evident from Table dO that a significant positive

¢ .

correlation Gﬁ =< 0. 05) exists between the totalvpolymorph count nnd

’fthe .total white blood count in all three _groups of suhjects Thus,,the

higher the total -‘white cell count, the higher was the polvmorph count,

'.‘In addition no significant difference was observed when ‘an analysis of .

Lo

'~covarience was performed between the results from patients and the

IJ

‘.”-heslthy individuals. This means that the slopes of the two lineB in \'~ ?

total Lymphocyte values and total white blood cells were compared in

gﬂb ..’ When however, the total macrophsge values and the total white "

® 4

: blood cells were correlsted 8 positive COrrelation was %ound in henlthya

Psubjects (both groups’ of these) but \In ‘thé csncer-group,this pogitive

n

yl“
b ¢

™
The- remain{_ﬁ correlations are probably of less importance

P

Iy . ¢

" since in lymphocyte count and polymorph count are each linearly related
c , . L t .. ¢

a

s

related to tofal white cell count then one could expect a linear

i



. TABLE 10.

PRODUCT—HOHENT CORREtATION(COEFFICiENT.BETWEEN:

e -

V%

— Total Macrophages value- per

" blood cell count per ml.
“blood. :

Total Lymphocytes value per.

‘blood ‘cell count per ml.
blood .

Total Polymorphs value per

“blood cell count pen,ml
blood -

Total monocytes value pei
ml. blood and total white
blood.cell count per ml.
blood. -

Total macrophagé value per "
mt.  blood and total: ’
polymorph value per ml.
blood.

ml. blood and total white

ml. blood and total white

ml. blood and total white

Initial
Exp.

0.746
(24 exp.)

-0.149

(10 exp.) ..

0.968
(9 exp.)

‘0.010

(10 exp.)

'0.233

. p< 0.05%

P< 0.05.

-

Control ViR

(7 exp.) "
0.838 p<o 05,

S

Wy

.0.913 p¢ 0.05|

0.447

L]

0.810° p¢0.05

'0.995. p¢0.05 |

- Cancer

M . ud

;d%404 n.s.+

p< 0.05

0.375

rNg'éigﬁificant'

Analysis of covariance
showed that the cancer

.group differshighly
significantly from the |-

control group.. .

e N .o v e

-

difference.was found

" between. the cancer and

control groups.

t

No significant
difference was found

¢ontrol groups.

3

"between' the cancer and |~

BN

g



“TABLE 10.. PRODUCT-MOMENT CORRELATTON COEFFICIENT

BETWEEN: _(CONTINUED)

| Total macropliage value per -

ml. blood and total
lymphocyte value per ml,
* blood. ) )
‘%

Total macrophage value per ’
ml;,blood and total '
monocyte.count per ml,

. blood. . B -

Initial
* Exp.
- 0.681
(9 exp.)

.~0.196

1(9 expy)

-

o

1174 0 05'-‘

" Control

gz exp.!‘__

0.799 p< 0.05

0.470

’

Cancer

0.183 -

(7 eig.ﬁ} ‘

-+ not sigri‘lfi‘ca.ﬁt.

% p =< 0:05 mean the probability of this correlation appeabring by chanée in leés than 5%.

' Thus there is'a significant correlation betw

o

een the two counts. -

K
L
< -~
- e * :
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'F;gure 1, The equatfons for the above linear regressions are y = 0.66.X
“for the controls a = 0.80.X. for the cancer patients group. The
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'Fig_ure 2. The ‘equations for the above linear-,regressions .are y = 0.303.%X °
for the controls nnd y=0 a68 X for the cancer patients group.-
difference between the two slopes is not significant.
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MACRC PHAGE PREC{J;SQ'-?F.« PER ML 3,900
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Figure 3. . The ‘relatiqnship befwegn mécfr;oalage precu;\éoré and total

.
-

Qb

white cell count in the blood in the two groups. The equatichs for

the above linear regressions are y = 37,567X - 2,22 for the contr‘ai‘q.

~

and.y = 13,348X + 262,20 for tﬁe"caﬂ_c_ér-putients group, The,.diff‘erence
between the two slopes.ig highly significants '




_hns been reulized.. 1t {s intcresting thnt 1n no case s thc numb@rgof

. blood, 'Thls suggests “that ‘the -defect in cnncer patienta i due either ' ? é

109
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[

relntionship betwcen 1ymphocyte count and polymorph count 05 the one,

<

hand nnd mncrophngq count on the othar., To gome extent this expe?fﬁtion

.

. monocytes correlated with the number of mncgophgge,precprsotﬂ.

. s

, . TN
(d) Discussion _ - e e ~—

These experiménts degtribe mcnnurements of the number of mncrophage oo e

'._precuraors in a small serie;,of patients for compnrlson vith aimilnr
measurements in healthy individuals. There wog no statiaiicn]ly
signiflcant difference between the number of macrophage precursors in

‘the two groups., - fﬁ;;\wa_muat'cqnclude that the fnilure.of macrophage

.

. : 1y :
emigration onto akin windows, that Southam and his eolléngues described,

.®
L)

is unlikely to have been”due to n'nhortuge of pfecursor cells'in'thé

B R

i

"to (1) defective emigration of thene prccursors ucroaé’%he cnpillary

walls-or ai) fnilure of macrophages to develop in vivo from the
precursor cells.” Yince the culturéa were set up with autologous plasma, -
the 1utter explanntion geems unlikely. 1f therefore the defect 1s poor.

emigrution acrogs cnpiilnries, there are vnrious poaeible explnnationsf

'

for example (I)Vthe straength of chemotnctic stimuIi might be redueed
D
or (2) the reuponsivenesaﬂvf macrophage precursors to-chemotaqtic

atimuli might be less than normal or (3) there may possibly bean . - ’
obstruction af some aort in the capillary wall preventing cells- from Cor
emigrating. Polymorphonuclenr leukocytes emigrate aatiefactorily 80

-

the third possibility is less uttrnctive than ‘the first two. Experi-

menta with chemotactic systems in gitro are avnilable to test these
poasibilitiea. —_— L Y

[y L0
!
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‘The_correlntiona betwééq»the'vnrioue cell counts are of interest
particularly because it seems at first sight that a departure fiom

* normal was obaerved in the cancerﬁpagients. Whereas the count of

L o d

‘chrcphuge precursors correlated positively with the total white cell ’

count in ﬁenlthy ind{riduﬁls, in cancer patients on the other hand there

a

wag no such correlntion or maybe even a negnti@e‘correlatlcn between'thc'_

- couﬁts. Thesc relationships between the tﬁo‘cell~councs in the two
'groups are significantly different, Hdwever a note bf cnutidn should be
introducted before too many interesting interptetutiowf of this" finding

are made. The simplest explanation is that the cancer patients may
o

have undergone stresses, traumaa or.infection whichihad not affected

the healthy controls. For excmple, 2 of the patients hnd undergone'

. aurgery within tHe week, This preliminary study must obviously be

repeated with full precautions to exclude surgery 01 drug treatment

_of_the cancer patients and to’ include as controls, patients who .are

-An hoséltal for non-cancerous conditions,

LN

The nature of the macrophage precursor has fot been precisely
. - .; M ~ e

determihed.'lln the literature review at the begihnlng of this tHeslis

reasons,were put forward for concluding that it '18°a cell that has

’
v

been recently formed by cell division in the bone marrow and that it

mny resemble a monocytg. Experiments with this system 12,v{tro are.,

limited, but-soﬁe relcvant gxperimcnra were petformed by Rabinowitz

and Schrék (1962), who'ahcwed that mdcroﬁhaée precursorg a) could be

removed on a glass -bead colu;n'and b) were not killed by coses of

x—irradlntion which killed lympﬁocytes. ~Furthérmore{ Qitﬂ repeqted

thﬂe—ccntrasr ricroscoce qbservationciof leukocyte -cultures in sllge;"
.

/



NI

end showing the number of mnﬁocytes plated out, the number- of macrophaged

- i . -
- . . - .

chambera, they safd they were able tv'gé§£¥5nocyten develop into’
. o . A

macrophages but never snw a lymphocyte transform in this mannef, }.'

These experlments are qualltative rather than_quantitntive, "The .|

culture technlque rcpbrtcd in thig thesis offersjﬁhq posaibility of l

a quantltative analyals with the production of a balance sheet at thé

2

which develop, nnd #o on. In unpublished experiments Marshull, Sinmang

and wdrrlngton, (1973 purmﬁuﬂ communication) have begun ﬂﬁﬁ nnn]yﬁiu

ad have shown that mnc?bphngcﬂ.do not grow from the polymorph f{ractfon
ofitained by FluTYI-lnnpuquu separation of leukoeytes, but grow in ) :

nbundance {rom-the mgnonuclear fraction.

Finally one must consider the ﬁpﬂsible importance f{n tumosir {mmunfty -

of macrophnges, - There |8 evidence that macrophages can destroy Lumour

cells and also evidence thqth.E.S. function in man 1s actually 1ncrunséd

{n patients wlth cancery  Aranger and Welser (1964) have nhoWn thht the

intftumor nctivity of mncrophugeﬂ from immunized nnimnls 7] meunn-

.- ©r
loglc.lly speclflc, - Kllllng of tumor cells-by mnurophuges 19 effected
In" two stngca by an lmmunologlcnlly specific internction which 14
followed by a non—speclflc lLthal reaction. Similurly Holtcrmnnn
et al (1972) have shown thntleells obtained by perltnnonl 1nvuge frnm

3

e .
rdts which prcviously hud been st Imulated by intruperitanenl injectionﬂ : )

of PPD were found to deutroy syngeneic polyoma tumor cells in vgtgo.

Hibbs - (et ol 1972) have reported similar results by employling toxoplasma

JAnstead of PPD. Thus macroplinges méybe'important'in deatroying tumor

-~

celIL'i vivo, The incfcnse in R.E.8, function in cancer patients was

documented by Magarey, (1972) who deacribed g method- of meusuring this
nctivity by injecting rudionctively labelled aggregated humnn albumin

‘
!

”~

2



and mtusﬁriﬂg tﬁe rate of its removél'from the plnnmn} 160- patients

.

‘ with cancar were studied and for comnarison 126 pntiantu with non-

lmn]innant chronie disordars of aimilnr orgmm ware selected, Hngarey ’

Lo
l

_:reported that, in nenernl. patients with mntad%nsoa hnd A more nctive

: I
phagocytic cnpacity than those, with primnrtea onlv nnd that when serial’

-

atudica with time ware- performeﬂ on aelncted pntiontn, thedir phagn%ytic- )
\

f'capntity tendad to incrense as the tumour sprend.

-

v
v

3 Nur pruliminarv renults sunnast that thern may be a defect An

| .
mncrophnge emiarntion} From the' h1ondatrenm in pntientu with cnncer.

bThe findinu nf an ineraased functional cnpacity nf the R, E.S in cancer.

2

patientd. in not aaay to rnconcile with this concluaion. Hnwever, it
geuld ha that. the chrophnne pracursotﬂ prasent in the, hlood have a

pradilaction for‘séttling in the small veasels-and einuses of the liver,

splqen'and 1ymph nodes rather than fbr}emigrating intofinﬁ}émed tissues,

! . N ~ . 9
- - . - -
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