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, Introduction

Recent progress in human cytogenetics 1s mainly due to the improvementfi o
of techmque In 1956, TJIO and Levan (1956) discovered that the number of' ,
‘ 'human chromosomes in tissue culture cells was 46 rather than 48. The result'kr';:”
ylywas soon conﬁrmed by Ford and Hamerton (1956) Subsequent studies on'
~ human chromosomes were made by using the tissue culture technique andff'f-jjf" ,
"employmg ‘a varlety of tissues: skin, muscles, and bone marrow (Ford 1962)y. B
, More recently, the method of short term culture of Ieukocytes from per1~;_ o
‘ 'pheral blood has been 1ntroduced as a relxable approach to chromosome stud1es
- A standard tissue culture basal medlum, TC 199, “has come into general use and
, ‘method as. 1mproved by Moorhead et al. (1960) has now been general
;'adopted (Mlller, ¢t al., 1962; German, et al 1962) The greatest advantag"f
~ this method are: (1) A few mililiters of blood are suﬁ'icxent to 1n1t1ate a culture
2) D1v1d1ng cells are obtamed in three days and very hmlted precautlon'm
o asepsrs is requlred (3) There 1s no p0551b111ty of a clone Wlth a varlant kary ) .
- ,l"type ar1s1ng and becommg an important component of the populatmn of cells
: 'durrng the short permd of culture Since the sample of blood can be presumed
to be denved from all hemopme’uc sites, the karyotype observed should ther
. fore be more truly representatwe of the whole body than the karyotypes derWed
' from methods employmg tlssue blopsy : S o : .
The standard Moorhead method (Moorhead, et al., 1960) of blood cultu
r kglves excellent preparatlons for cytologlcal study, but is 1nefﬁment in the se ,
. u”that some 3x 107 lymphocytes, or 7-8 X 10" leukocytes (Nomdez and Wmdl
' 1953) are obtalned by vempuncture and w1thdrawal of 6—10 ml of blood.
" ,yleld of m1tot1c plates far exceeds the mlmmum necessary‘ for reasonable vt

‘flo ica 1nterpretatlon, and as the method is apphed to the study of mfants and

1 _pt of genetu: ,‘The Umversrty of Hawau respecuvely
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; pendently of a certlﬁcatedrmedlcal ;techmcmn o o
o It was the intent of thls study to compare the ex1st1ng techmques for’fi
‘ ‘Vleukocyte culture (Moorhead et al, 1960 Edwérds, 1962) and to develop innova

s that would permit further reductton in total blood volume, w1thout Ioss,
cytogenetlc vahdlty ‘ ' ' o
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- ,stamed chromosomes Phytohemagglutmm (PHA), an extract of Phaseolus;
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The fundamental reqmrements of a good preparatlon are sufﬁcrent mductmn .
of cell lelSlOll, rehable fixation and non-overlappmg d1spers1on of contrastably}

; vulgarzs (red kldney bean), first used as a red cell agglutlmn ‘in the separatxon f

of white cells (Skoog and Beck, 1956), has since been shown to stlmulate mito- -
- tie activity in white cells as well (Hungerford et al, 1959 and. Nowell 1960b) ‘ .
It is now in standard ‘use as a -mitogenic substance in. short- term leukocyte - .
cultures (Moorhead et al., 1960; and Nowell; 1960a). .

Chemxcal analysis- of .the orlgxnal PHA extract showed 1t to be protem o
character (Goddard and Mendle, 1929) but later a mucopolysaccharlde group o
was identified by electrophoresis (Rigas and Osgood, 1955).  The agglutinatmgw o
property of the substance was found to be the protein fraction, but the agglu-
: tinatmg and mltogemc factors are evidently not the same (Beckman, ¢t al. 1962).

" The mechamsm for: the effect of PHA on leukocyte m1t051s has been
discussed in several papers (Nowell 1960b; MacKinney, ef al., 1962; Elves and -
Wllkmson, 1963). Apparently PHA promotes both a degeneratlon of polymor»"
'phonuclear cells and a conversmn of lymphocytes to primitive blast-like cells: - .
It is the latter cells, similar to the blast cells of bone marrow, that d1v1de
mltotlcally ‘Although various hypotheses have been proposed asito the physm- -
A',Ioglcal initiation of this conversion of lymphocytes, lncludmg release of tre- . k
phones from degeneratmg lymphocytes, no convmcmg mechamsm ex1sts for","
any of them. .

The basal synthetic mediom,i TC 199, -containingavarious ~amino acids,
vitamins, nutleic acid constituents and varioUS accessory growth factor ‘Wa‘ysl .
,d‘eVised\ by Morgan, et al, (1950) Despite its complexity, TC 199 is unable L
: to maintain cells for more than one or two days unless serum is added. Morganag
/ has subsequently: produced a mod1ﬁed TC 199 essentxally by substxtutmg Hank’ . .
Balanced Salt Solutton (BSS) for Earles BSS (Paul, 1960). .
, The per1od of short- term leukocyte culture is 2-5 days at 37 C(body temper- - , '
ature) Usually the cells are harvested after three days of mcubatlon ‘65~7O hr o
~ Moorhead, et al, 1960) It has been found that DNA synthesis begins at 24 .
‘hours and by 72 hours, 40—45 per cent of cells are synthes1zmg DNA (MacKm ,
et al, 1962). Edwards (1962) found that mitosis was maxxmal at about48ho s,
- /and was sometxmes followed by a fallow penod of up to 12 hours. Early har-
' 'vestlng may coincide  with this: temporary depresslon in mitotic activity and
k harvestmg too late may result in missing most of the mitotic cells. ,
. Further improvements in cytologlcal technique have contrlbuted to hur ann -
fcytogenetlc apphcatlons Colchicine and other splndle fiber 1nh1b1tors suc] as’i

,colcemld and vmcaleukoblastme have been 1mportant as means of arres

' mltoses at metaphase, causmg accumulatlons of metaphase ﬁgures, and mcreas-




~ xatrve‘ to ff/ach1eve mstant drymg as m" Dr Mlllers a
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per cent of oatient's plasma or human serum (Difco) was added 'Adiu’stment" ,
"of pH to approx1mate1y 7.3-74 was made with 0.IN HC1 or 10/ Na;CO,. o
~ Difco Bacto- phytohemagglutmm P-form in hemagglutmatmn buffer was o
added at a concentration of 0.01 ml/10 ml of medlum Heparin in an aqueous .
‘ ‘, ammoma solutlon Was used to prevent coagulation.

'Culture' of Leuko(:yte's Cells were cultured in: uprxght tubes or honzontally,ﬁf'ﬂ .

placed bottles for 72 hours at37°C. Four to five hours before harvesting elther -
0.1% colchicine (Turtox) was added at a proportmn 0f 0.2 ml/10 ml medlum'
or 004/ colcemid (CIBA) at a proportion of 0.5 ml/lO ml medium. :

Harvest and - 'Fz’xatz’on Of Cells Cell suspensxons were centrlfuged and the,"f -
supernatant ﬁuld removed by a Pasteur p1pette Cells were then resuspended . , k
in ‘hypotonic solution either1/4 strength of Hank’s BSS (Difco) or 1/6strength
. serum (diluted with dlstllled Water) and incubated. for 10-25 min. Agam ‘the ;
cells were centnfuged and the supernatant drscarded -Freshly made f1xa-',;7 .
tive (1: 3 glacial acetic acid and absolute methyl alcohol) was mtroduced with-
out dlsturblng the “button” of cells,  After 30 minutes in the ﬁxatiVe;‘button,' '
cof cells was dlsrupted centrxfuged and the supernatant fluid replaced by fresh

_ fixative. The top fine layer of leukocytes was then transferred to a small testf .

: tube (10x 75 mm) ‘ :

: ~.Cytologzcal Prepamtzon To prepare the cells for cytologxcal exammatlon, two',;,j : '
’drops of cells suspension were placed on a chﬂled shde, blowing on the o
'drops abetted the requu‘ed spreading. The slide was then ‘rapidly drled by{;} ;
passing it over a small flame, allowmg the shde temperature to only shghtly 1
' ‘exceed body temperature. ‘ : ' o
' Stammg was done Wlth the common Wrxght certlﬁed blood stam, made;
as follows

- Wright’s smmmg,Sozution

erghts SEAI. o ie e et e ....01gm."',,'

Acetone free absolute methyl alcohol.........ovoeornonn.. .60.0 m1. -
~Agitate daily for 5 ‘min.. for more than 15 days, o
then ﬁlter and use.

Wrzght’s buﬁ‘er solution .

o ;¢~Potass1um phosphate (KH,PO))..... e 3 165 gm.,'
e ”]CSOdmm phosphate dlbasic (NazHPO4) ..... o 16 '
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Dlstﬂled water, ‘g a. o ...... R e 500 - ml

Before stalmng, the acetic acid was removed by rinsing the shdes in two :
changes of acetone-free absolute methyl alcohol. Slides were then flooded with -
_a 1:1 mixture of Wright's stain and buffer. This resulted in the appearance ‘
of a greenish metallic scum. = The optimum ~ staining time varied with the
volume of stain used; 2-3 minutes usually gave good  results. ~Then the stain
was flushed off with distilled water and rinsed till every ftrace of the 'stain
solution was lost." Slides were either left like this or mounted in - diaphane as
soon as dry. R '

Moorhead  Method, (as. modified by ‘Nowell, 1960a, and Arakaki, 1961): The
- ‘essential feature of this method is‘the culture -of = leukocytes' separated " from
‘about 10 ml. of venous blood. PHA is used “both 'in ‘the separation of white
~cells initially and as a‘'component of - the “culture medium ‘to induce mitosis.
Since the detail of the method is described adequately elsewhere (Arakakl :
, 1961) no further descrlptmn is ngen here.

Edzba’rd‘s Method, as modified: This technique is unique in that it begins with
05-1 ml. of venous blood and that initial separation of white cells is acéom'."
plished by centrifugation within the original hypodermic syringe.” By bending
the needle, white cells are successfully discharged into a culture'flask, and
_thereafter the method is essentially that of Moorhead. Detail is described by
MEdwards (1962) and was followed here except that an ordmary air mcubator'
' env1ronment was substltuted for: 5925 COq:

New Micro-Method: In devising a new micro:method with reduced blood volume
requirement; various modifications and innovations  were attempted. These
included variations in time of ‘harvest, ‘proportion of - white cells to" medium,
and variations of culture vessel volume.. The method described représents the
combmatlon of variables which appeared to give best results.

Three to ten drops (about 0.1:0.3ml.) of capillary blood were collected from -

‘a finger prick with a sterile, disposable lancet {Becton Dickinson & Co.) and =

placed 'directly' into a heparinized, 'sterile test tube, (10 ><',75 mm.). Two ml of
;the following solution were added.

Medium TC 199 (Cappel). .....v0 .00 e e 8025
Human or Calf serum. . ..voo.ouiion ol i ol s i 209
Streptomyein: .. ... .. i v e L e 2004g/ml
PeniCillin. . .. euteeuernetiiieeneanenaaneneseeners e 2200 units/ml’
with or without 1/10 PHA-P........ . .00 ....01 ml/5ml of medium

It the medium contamed no phytohemagglutlmn, two. drops of 1/ 10 PHA P
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were added Test tubes were plugged with sterilized corks or cotton and then o
,mcubated at 37 C for three days (72 hr.). Four hours before the cells Were '

harvested 0.1ml (3 or 4 drops from a 20 gauge needle) of 0.04% colcemldn,

colchicine was added, and the tube was shaken. At the end of 4 hrs. the cells ’
in the test tube were suspended and centr1fuged at 800 rpm for 5 min. The;f .

supernatant fluid was pipettéd out, and the cells were resuspended, in 15 ml

~of 1/4 strength’ Hank’s ‘solution ‘or a 1/6 concentration -of hypotonic - serum.
‘Tubes were then incubated at 37°:C for 10-15 min., (256 min, ‘if'hypbtonic serum -
- was used) and then centrifuged at 600 rpm for eight minuites. The supernatant
fluid was pipetted out by pasteur Pipette. One and one-half mililiters of fixative :
: ‘were added without disturbing the “button” of the cells. After the tubes stood
~ at room temperature for 30 minutes, the butto'n of cells was broken by aspira-
tion with a pipette, and the cells centrifuged  at-300 rpm: for 10 Inin., The
_ supernatant fluid was carefully pipetted out and fresh fixative was added. The - :
~fine layer of leukocytes on the top was transferred to another clean test tube o

and suspended in 0.4-0.6 ml. of fixative. Cytological preparation was identical

to that mentioned in the former section. Up to 15 slides could be made from'

each culture dependmg on the 1n1t1al volume of cells and  circumstances of
; the preparatmn : :

- Results and Discussion

For a successful culture it is necessary to have a hlgh percentage of mxto-( ? ’
tic cells w1th enough good figures so that karyotype analyses can be used to

determine, with some rehab111ty, the chromosome number In a dependable
analysis, at least 30 counts of the chromosomes are requlred since they W1Il
vary somewhat even in the normal 1nd1v1dual To study chromosomal  struc-

tural aberrations, such as translocations and ring chromosomes, it is assumed";

“‘that the preparation of at least 5 karyotype analyses will be reliable..

It ‘W‘ask the intention in this project to satisfy the above criteria and, at the .

same time, simplify the culture method and. reduce the amount of starter

" blood: Some s1xty cultures were affected in order to test several varlables but ,f o
mamly to examine the effects of reduced cell number For twenty- four of the
: cultures, blood was collected in a syrmge, ‘in the remamder, dlrectly 1n tubes, F

- These ciiltures are from sample sources as 1nd1cated in Table 1.

= Table 1. Summary of sample sources

Ethnlc group,  ' Chinese =~ |- Caucasian Filipino | _Egyp’t’ian e

S Female o g g o 0
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- For the whole blood micro- method the percentage of ‘mitotic cells varled
from 0. 45~3 34 22 (Table 2) and the average frequency of mitotic cells was 1.18 %.
The hmrted data certainly: suggest that the whole blood method is equal in
recovery to the other two. Considering that 15 slides could be made from each
culture, all the cultures, except 34-B, are easrly successful according to'the cri-
teria prevmusly mentioned.

Table~‘2; Eg)a?uation of mitotic success from g’z’ﬂ‘erent leukocyte culture,f'methode

s | O TRETREC | MG Pcmtese
L ‘ : tvpable” Countable | Total cells/slide» ’
Moorhead’s method| 6 L i 482 | 5290 146
L e — O 148 | 3150 | 046
e : %2096
Whole blood culture| 14 1 3 4 972 | 041
Collected by syringe . o 4 12 %6 | 1028 | 254
' 25—A 1 9 13 1622 | 080
27-B 1 7 | 1104 | 063
029Gy | = 6 | 17 | 1166 1.46
: Fi | ®=115
~ Whole blood culture|  30—A 8 21 | 49 5,360 093
il;fcttlllséecollected i 33A e o : 36 4526 0.80
33—C 2 10 30 4221 0.71
A, 4 12 | 1510 079
34—By 0 25 | 1603 | 156
34-C, 1 23 | 209 1oz
34D, 2 12 | 21 | 4698 | 045
34—F, 1 5 o1 | e8| 134
34—F; 2 19 | 64 | 1914 334
34-G, 6" 130 A8 5,040 087
| R=118
e

~The cultures begmmng with 34 are from the final test for the whole blood,

culture method. Fourteen cultures were made with the blood from 6 1nd1viduals.' ot

Table 3isa breakdown of further variables in this expenment ‘No quantltatxve'
drfferences effect of serum source orblood volume are glven However, certam
sub]ectlve evaluations will be dlscussed

Two samples were taken from a single pr1ck There was a general tendency

for the ﬁrst culture to be better than the second although there was often a . o

larger amount of ‘blood to start with." In the second sample total cell counts
 were usually decreased and more degenerate polymorphonucleate cells Werev
observed Therefore if one ‘wants to take more than one sample to make sure




-at least 0.1 ml:. blood is necessary for a successful culture

‘ was necessary to prevent bectenal contamination.. ~With cleansmg only four,'
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Table 3. Summary of treatments of fmal experzment

Culture No. 209 serum from l - Drops of blood
",34—‘A1,:A,2' s = o 7
 34-B, B et | 5T
o ;34_;01’,02’ L éalf : sl 4’ . s
3%-D,D, | human | a8

34-E, E, | human | 48

34—Fy, Fzy . e i Slcalf S el 8
344Gy, Gy S E “human S 4,8

that the culture will be successful better results mlght be obtamed from separate : ,f
pricks. - an , , o
In testmg the method, a blood sample from one to ten drops was used for'
~each of the cultures. The experimental results show that no successful culture o
was obtained from: 1n1t1al blood sample’ less than three drops; in other Words,w .

- Aseptic cleansmg of the finger with 952 alcohol before the blood was sampled

out of 36 whole blood cultures were contaminated by bacteria. Three of these .
were sampled from the same person, and the other was sampled at the same
tlme, but from ‘another individual. Undoubtedly, more careful techmque Would 'f '
reduce contammatmn to essentrally zZero. '

Small vials (12%50 mm.) W1th ﬂat bottoms were sometimes used for culture -
instead of test tubes The cells grew well, posmbly better, in these vials because' ,
of the broader surface area, but it was more drfﬁcult to separate the fine layer
of leukocytes from the flat bottom. The standard 10><75 mm. culture tubes .
appear generally satisfactory. e : , -

Calf serum and human serum ‘were used 1n this study, and both were sa-,
‘ ', tlsfactory. Human serum appeared ‘to be better than the calf serum but only -

hghtly S0. o : : : . o .

As far as colch1c1ne and colcemrd are concerned both are satlsfactory Idealiv
concentrations appeared to be about 0.04 2. ' ' ,

Hypotomc ‘Hank’s salt solutlon and hypotomc serum were used for preﬁxatrve ‘

~ treatment, and ‘both- were satisfactory. Only slight differences between the two
gwerefound , A r

Because of the small volume of medium and 11m1ted size of test tube, the? -
acrdlty (pH value) was often found fo change during the period of culture As .
a result readjustment of the pI-I value was sometimes - necessary The most;‘;;m
- {frequent change was for the medium to become acidic as shown by the phenol'
o red 1nd1cator For readjustment, the usual ten: per cent NazCos ‘was too high a
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concentratlon for the tiny. volume of culture 5 per cent: NazC03 solution was
used for thls purpose instead. ‘ L s

After harvestmg was completed, a slide was made to check for adequacy
‘of the culture. If it was satisfactory, it was found best to prepare the slides
as soon, as possible. . Delay of preparation impeded spreading of the'cells as well
', asth’e'chromosomes. In addition, deldy of slide preparation impaired the staining
ability of the chromosome and also resulted in a coloration of the cytoplasm.

The spreading of cells in the Whole blood culture method was as good as
in ‘other methods A brief description of the slide made from the last run of
cultures is presented. '

34-A—Mostly monocytes and lymphocytes; some: with lightly stained cyto-‘
plasm: A small proportion  polymorphonucleate cells dand a few dinucleate
cells were observed, ‘and the cells were nicely spread out.

34-B—Most of the cells-were well spred out; but a:small proportion-of them'
‘was clumped .into small groups (310 cells, usually small lymphocyte or polymor-
- phonucleate: cells). Cells and ‘chromosomes were both contracted.

,,‘34—C¥-—~Mainly lymphocytes,'and sonie: monocytes.  Very few polymorphonu- :

cleate cells. Some of the cells were clumped; but spreading of leukocyfes was

: othervvrse good.

7 34=-D—Many polymorphonucleate cells and small lymphocytes, the low pro-
' portion: of mitotic cells was probably due to’ the 10w proportion of pr1m1t1ve ‘
\blast like cells. ' k

34-FE—Most of the cells were lymphocytes; of all sizes followed next in k
number by monocytes: Cell density was low and the cells were well spread; :

~34-F'—Relatively high numbers of cells were observed. Most of the cells
. were monocytes, followed by lymphocytes: Cells were quite well spread.u ,

34~(r—There werée many cells on the slide.  Cells were nicely spread.j Oc-
~Vcasional.ly 320 cells Were":,kclumped' into: a::single group. Most of them were’
small lymphocyte‘sk followe'd next in number by large lymphocytes; monocytes
and polymorphonucleat cells were less in proportion. ‘ S
It has been reported that the small lymphociytesehange to large, “more
primitive, cells which then divide (Elves and Wilkinson, 1963). TIn this study
- polymorphonucleate cells were seen to gradually disappear from the culture but
some degenerate polymorphonuclea’ce cells remained  at termmatzon of some of
the cultures. ‘ :

The followmg is'a comparlson of the results of Moorhead’s and Edwards
‘methods with those of the whole blood culture technique used here. More cells
than necessary are obtained with Moorhead’s: method and although good figures
- are easxly obtamed from such a culture; the method is wasteful. Moreover, a
. certified medical technician is required, ‘and the method presents difficulties
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with mfants or fetal materlal In Edwards _method, blood volume is reduced' .
 to between 05-1.0 ml. Preculture separation of leukocytes causes the Toss of

cells, especrally with the small amount of blood used Clumping of the cellswf

is- found, probably due to preculture centr1fugat1on The whole blood mlcro- .

" method is very simple and less eqmpment is reqmred Ample ﬁgures are ,' .

fobtamed from a low volume of blood and the method appears applicable to*

fetal material and infants as well as adults.. Although it is not 100/ success-k‘
ful, it can be easily repeated when occasronal fallures occur, ‘and in any case,ff' L
_the likelihood of success is as good as Wlth the other two methods. o

. In the experiment number 34, the cultures were left in the mcubator for‘

24 hotirs prlor to addrtron ‘of “PHA. Harvesting started 72 hours after PHA, ,

was added The success of - the culture suggests the possrblhty for delayed} e
~ harvesting if the samples have to be ‘sent to laboratories removed from the

~ sites of collection. : ' .

Summary and Conclusion

A techmque of whole blood culture, 1nclud1ng harvest from the orlgmalf .
contamer to ayoid the loss of leukocytes i in transfer, was devised. The mmrmum o
blood volume for a successful culture with this method is 0.1 ml., but02~03rnl .

'of blood give a more dependable product than the minimum volume. L

- 'The whole blood culture method proved Very pract1cal and ﬂexrble Less -
equrpment was requlred and the s1mp11c1ty makes it suitable for field Work_
and group study For thxs purposes, the mrtogen, phytohemagglutmm, could' :

. fbe ‘added to the medrum at least 24 hours after collection. In cases Where
laboratory equlpment is not avarlable, and transportatlon over ‘along d1stance
-is' necessary, the blood sample could probably be kept in the medlum Wlth,;
serum for longer: periods. : ’

The reduced blood volume method permrts cytogenet1c analy51s of fetalkf .

. death congenital defect of newborn, and follow-up of relatwes on an out pa- '
tlent ba31s : ' S ‘
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