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When blood leukocytes are rocub,.ted
in :rn artificizl medium over cevcral davs,
'thel'exhibit minimal or no gfo$,rh at :111.

'lhe granulocvtcs degcncratetl wi!hjn x iew
dlys. while monocyres sp.eed out on the
surlace of the culture vessel, assumming

the appealance of cells indistinguishable

from tissuc macro2hages. I he maiorrtv
of lvmphocytes remain yiable and morpho-

icgcailv unchangcd. If the plant lecrin,
phytohcmagglutioin (pHA), ir added to the

incubating medium, r sequence of ldranratic
morphorogic changes is initiatcd. ,I.hc

small lymphocvte undergocs transform!tion

into a lrrgcs blast-likc ccli. (l_12) .fhis

rnorphologicll changcs is accompanicd hv
incrcrsed protein, R\A rnd l)\.{ svn-

theses, (3, +,9, 10, l2) and is follorved

evcntually by rnitosis of the tcnsformed
cells.

Lvmphocytes crn be stimuiatcd in
vitro by r widc vrricty of alents including
viruscs, bacteril, fungi, prorozoa, and
polien as rvell as purified emrno acid
polvmers and drugs. (l-?) 1.hc agents

caprble of striggering this chain of evenrg

mav be catagorized as general stimulants
(or nonspecific mitogens ) rnd specific
stimulant! (spccific mitogens). The mito_
gcnic is characterized by its strict depen_

dence on the prior scnsitization of the cell
doncr to immunizing antigefls, suclr as

tuberculin, (14, 15) penicillin, (16) etrep_

tolvsin O ( l7 ) tetinus and diphtheria
toxoid, purtussis, polio virus and srnlJlpsa
vaccines, (16, lll, l9) and protcin-haptcn
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conjugatcs. (20) 'thesc specific mitogens

trrnsform only a small Portion of lym-

phocytes, usutlly -5 to 30 percctrt' Non-

specific mitog€ns transform 70 to 80

perccnt of small lymphocytes (21) isoleted

from normrl individual regardlcss of prior

exposurc to each palticula! mitogen 'Lhe

Transform onlY 5-30d of small

lymphocytes,

Require prior sensitization of

the cell doner to the Particular

mitogen.

Examples: Tuberculin, Penicil-

lin, streptolysin O; Tetanus and

diphtheria toxoid; pertussis polio

virus and smallpox Ya ccines.

Bccause the magnitude of rcsPonse

to specific mitogen corrclatcs closcly

with the state of hypersensitivity of the

donor, it is belioved that the ritro pheno-

mcnon may hrvc immunologic significance.

(28-30) The significance cf the transfor-

mation inducod rith a nonspccific agent

such as PHA is unclear. Horvcvcr' PHA-

induccd blasts bcar morphologic features

\ in common rvith the cells transformcd by
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plant ertr8cts (PHA, (1-12) pole*ced

n,itogen (22, 2'3) ), antileukocyte scrr' (23)

antiallotype ser8, (2-(, 26) and bacterial

ploducts (steptollsin S., (17) staphllccccal

erotczin, (26) ), are 1lell-knorrn exampies

of nonspecific mitcgens' (See l'able I )

1. Transform 70 - 80

lymphocytes,

of small

2, Do not require Prior cxPosure

to each particular mitogen.

3. ExamDles: Plant extracts (PHA.
\

pokeweed mitogen/, Antileuko'

cyte sera, AntiallotYPe aera 
'

tl
Bacterial Products t Streptolysin

S. Staphylococcal exotoxin ) etc'

specific antigens, nd with thc lrrge

pyroninophilic cells thlt delelop during

certain cellular immune rea, tions in vivo.

(31) '1hus, response to PHA iras been

uscd increasinglv as a ueirns of det.rmin'

ing changes in pro)iferrtivc ptotentiel end

possibly functional state of Iymphocrte

populations in different physiological

conditions such 'as chronic lyPhoc]'tic

leukemia, (32, 36) Ilodghin's disease, (37-

TABLE I: MAJOR CHARACTERISTICS OF DIFFERENT TYPES OF MITOGENS

SPEC]FIC MITOGENS NON SPECII-IC MITOGENS

1.

2.

I
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39) Sarcoidosis (40-42) ataxia telangiecta_ short-ter4 i4 yi1j
sia, (43,4+) Tr.nric :rptasia, (45) Sjogren,s This proccCure ffi:T""T:::::t:l
s\ndrome, (^16) and prtiente receiving lyplrocytes {rom blocrl, and incrrbation ofcytotoxic thefrly. (47) Circuirting 11,m_ the cells in rn rpproprirte 

".,,r",", ."0;"gr.
Phocvfes flom pat;cnts dcscrih.d ,bove \Iany of rhe steps are similal to thcse
react poorly to PHA and spccific anriFens. usecl, in, ,other laboratorics, It is the

l:arious modific:rtiors of I

tecrrnique described br r,"..n:r"::":; :::T';:,'":":";ljt:"'::r;.,T:
i43) are wideir used to culture of ltmphc_ glrsrrat;cn of ccll _ mcciiated immunityytes. \'r'e arc describing ;r metho<l of mech::nism.

iN V!IRO CUI.TURa ANr, Siit"lULAT.iC|;{ Ctr LyttPHCCYTE

'. 
THE MORPHOLOGY STUDY
'l'he degree of lvmohocvte stimuhtion Despito its Iimitations the mcrpholcgic

may be assesscd cithcr L,r, morpholor:ic Incthod pror_r.de the fsst and ccnvenient
chxnges or bics,r'nthetic rctir.iries. .I he .rrat, of asscssi.g t\-mphocltc st;nulation
morphologic method enr:iils t}:e

tion of brasts erorvr 11 per , .,r;l;.i|,l; 
. hcre prcc ise qurntitati'c ie not a ncccs-

cells, efter 1 suitrble incubetion pcriod. A*Mr\,TERIALS AND EeUIpMENTS.
Cytologic features :lre best risualized i" L TUaTFRIALS
smexr stained bv one of thc Romanorvsky

stains such as Wright,s, Oiemsa or lIa1._
Grunwald, but a nlclear stain. acric orccin
(16) and acridine orrnge ({9) havc aiso

been succesrfuily emplcyed, Ceil gro*th
may be assessed io viable culture by phrse-
contrtst microscop).. (-i, 50) (,crtain sreps

are egsential to €nsure viability and suc _

cesoful growth of the cultures i the cells
should suffcr minimum trsuma rt their
preparation; the jncubarion milieu should

'provr'de adequate nutrients !t a phlsiologic
pll; and no potentialjy cvtotoxic materr-ais
shcuJd ['e pl(s(nt jn thc F-\st(n).

1. Sterile heprrin soluticn ( 500 unitsT

ml. in p1'rogen - free saline for injcction).

2. 5 - l0 ml. sterile srringc (prefcr-

ablv, dispcsable plastic syringes).

3, Sterile screw cep culture tube
(13; l5 rottt; or sterile disposable plastic

tuhes 12 x 7-5 mm, $ith cap.

4. Sterile capiJlary pipettes.

-5. I and 5 rn,. srerile disposable
plastic graduated pippettes.

6. Culture mcdia : Stock 'I'Cl - 199

l}rlc's llase or l{EM Hank's l}asc ( l0 x )
Srerited by millipore filtration, kept rt
4C.
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7. 6% dextran, storile' (Abbott L!b')

kcpt. rt 4i C'

8 0.5 M and 0'25 M' Pcrchloric

rcid.

9. Pcnicillin 10'000 units Per ml'

' 10. Phytohemagglutinin 
(Brcto'Phyto'

hemagglutinin M' 5028' Difco

11. Stock t{eper buffer ( Hydroxye'

thylPipcrazine - N'2- Ethancsulfuric acid)

pH.8'1
12. Wright's stain'

13. MaY ' Grunwald stain ( Harlcco'

Phila).

14. Giemsa stain (Fighcr' l'air Lawn'

N. I.
15. 0.85 % Na Cl solutioo' kcPt at

16, MicroscoPe slides'

17. Cover glarscs'

18. Permount (Fighcs' !'air Lawn' N'J)

II. EQTIIPMENTS

1. Retrigeratcd centrifuge'

2. A 37' c'

3. A microscopc'

IT.I WORKTNG SOLUTTONS'

I' TC' 199-HePes solution

Stock Ellle's Base(l0x) 10 ml'

1.N Sodium HePcs' PH 81 4 ml'

Pcnicillin
10,000 units

Stctilc dcionized 
'listilled 

watcr i! added

to mrke a totrl volume of 100 ml'

2. Clltlre sotrtiotr (frcshly proprrcd)

Solltion A Sohtiotr B

?lasma or serum l'00 ml' 1'00 ml'

TC. 199'Hepes solution 3'75 ml +'00 ml'

Vol. 5 No' 3

One ml. aliquots of both solutions are

tran3fcrred to stcrilc culture tubca'

II. METHODOLOGY.

1. Five ml' of venoug blood ir drawn

into a Plastic syringc containing 0-5 mL

of hcparin solution (500 units/ml )' This

produces or finrl concentration of about

45 units hcParin Pcr ml blood'

2. One ml' of 6% dextran is addcd

into the sYringc.

3. Incubltc thc syriog€ in an uP'

right position at 17' C' (or room tcmper-

ature) for 45-60 minutes'

4. Thc supernatant is thcn collccted

aseptically into a sterile plastic tubc by

using thc bcnt necdle tcchniqu'-

5. Centrifr:gc thc suPernatent al

1,000 rPm, 4: C' for l0 minutec'

6. Removc the supornataot Phsma'

Mogt of the lymphocytes arc in the cell

button.

7. Resuspcnd the lcukocytc cell buttoo

in the TC. 199'Hcpcs buffer to makcs a

finrl conccntration of 2 x 106 cell pcr ml'

Do the differcntial leukocytc count and

pcr csot of viable leukocytes (using 0'2%

cosin Y ).

8. Trensfer 0'5 ml' of leukocyte

suspcnoion into 4 culture tubcs contrining

I ml. each of culturc sotution A (2 tubc!)

or B (2 tubts). Thc final ccll conccntra'

tion ir I x 106 lcuhocytd ll'5 ml' culturo

fluid.

9. Iocubrte thcsc tightly rtoppcred

?HA. 0.25 ml.
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culture tubes at 37' C. for 72 hor_rrs,

undisturbcd.

10. .{fter that, the rotal leutocytc

count and differential count is doae on

each sample using Wright's stain or N{av-

Grunwald - Giemsa stain.

II. BIOSYNTHE TIC ACUVITIES _
TECHNIQUE

The incorporetion ef l4 C or rritiated

thymimedine ( 3 LI TDR) into a trichlo-

racetic acid precipitrtr of cells rcpresents

the most sensitive indicator of lymphocyte

transformation. The prrallel study using

radioautography has shorvn that it is the

transformed .ccll rvhich iocorpolatcs thc

thymidine lable, 'fhis mothod has the
advantage of a Iow spontaneous incor-
porrrion of custimulat€d small lymphocytes

and macrophages do not usually proliferatc

in short.torm cultures, (30) Since it is an

ideal technique for detecting those lypho_
-cytes which lespond to stimulation by

proliferation and following by thc proli_

feration it obviously will not derect

lymphocytcs which respond to stiriulation

but do not enter into the S.phase of the

cell cycle. Neverthelcss, this tachnique

has proved to be one of the best way ro

follorv the response of lymphocvtes in

vitro.

A. MATERIALS AI{D EQUIPMENTS.

In addition to thos. required for tho

tnorphology study, it requires:

lbb

l. 'fritiated thymidine ( 3H - TDR )

l0 uc /20 ug / ml.

2. Hymine hydroxide.

3. Scintilhtion 'fluid ir prepared as

follow:

4.9 gm. of PPO ( 2, S-diphcnyloxa-
zote I

0.1 gm. of popop. (1, 4-bis(2_
( 5-phenyloxrzolyl ) )- benzcne.

120.0 gm. of Naphthaleno.

I,000.0 ml. of dioxane.

METTIODOLOGY.

In general, the first part of this mc_

thod it thc lsme as thc trangformation

metbod dcscribed up until stcp 9. (It is

noted that tritiafcd tbymldc method mry
rcquired tho Jeu&ocyte culture of 4g hours
to 72 hours ). Then process ,s follows :

10. Aftcr 48 hours of incubation at

37'Cr, 0.1 ml. of tritiatcd thymidioe solu-

tion (10 uc/ml) is addcd into cach culturc

tubes asepticrlly

I1. Incubatc these tubes for an addi-
tional 18 hours at 37'C.

12. Do the leukocyte-count and dif-
fercntial count, then centrifugc at 800 -

1.000 rpm at 4'C. for l0 minutcs. Dis-

card the supernataot fluid in a rpecial

contaroer,

I l. Wash the ccll burton twice with
2,0 ml. (or morc) of cold salinc eolution.

l+ Add 1.0 ml. of cotd 0.5 M. per-

chloric acid (PCA) to the ccll button, mixed.

15. lncubarc rhc ccll suspension .t +
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C., overnight ( non-stoppercd ).

16, \\rash the precipitate forracd over-

night with cold 0,25 lM. PCA thcn allow

to dry in air (room tcmperaturc ) for an

:rdditional t hour.

17, Dissolve the moist residrre in lt.5

ml, H,vaminc. Added 0 2 ml, aliquots of

this solution ( in duplicate ) to 1.1.8 ml. of

the PPO and POPOP scintillant.

18. The radioactivitv (beta emission)

is mcasured in a Tri-carb Liquid .qcientil-

lation Spectrometer ( Packed lnstrument

\-o- ,/.

TECHNICAL COMMENTS

1. Although heparin has bcen roported

to inhibit the lvmphocrte transformation

tesponse, mrny lvorkcrs observed no such

problem uith heprrin from N'Iann Reseerch

Lab.' N.Y., and Connaught Research Lrb,
'l'oronto, especially rvhcn used at {bout 20

units/ml. of blood. It is avisrble that

heparin used should not contain phenol as

a prescrvrtive. Heparin preservcd uirh
benzyl alcohol is also srtisfactorv for this

purpose, \rarious doses of heprrin have

beeo employed ranging from 2C) to lftO

unitsiml. of blood. The mosr widely ustd

is 50 unitslml. of blood.

2. A fasting donor is not required,

howovcr, grossly lipemic plasma should be

avoided. Thc donor's condition and drug
gdminirtration must be considcred in inte.-

Preting tho ebility and inability of his

lymphocytes to proliferate in vitro. 'l hese

, Vol,, 5 , No. 3

include thc upper rcspiratory tract infec-

tion, adrenal cortical steroid or cvtotoxic

therapy. Orsl contraceptive hns not been

found to intcrfere with the proliferation

of lymphocyte in vitro.

3. The preparation of a " pure " or

" relativcly pure " lymphocvte suspension

generally requires the isolsticn cf the lerr-

koc_rte from the rvhole blood, followed by

removal of contaminating monocvtas and

granulocytes. Other workers pref€r leuko-

c'.'tes obtained frorn dcfibrinated blood (51)

It is either allowcd to settlc at 37'C. for

45 - 60 minutes or is contr;fuged at low

spe(ds (,{0,)-500 rpm for '10 minutts)

to obtain a leukocytc-rich plasmr frscticlr.

Because of thc low scdimentstion rrlte of

the rvhole blood obtaincd, dextran, Selatin.

fibrinogen or meth-Yl cellulose may then

be added before allorvcd to stand at 37"L"

for 30-60 minutes. 'l'he aCdition of such

agents rvill enhance the sedimertetion of

erythrocytes. 'I'he scdimentation rate of

heparinized blocd at 37"C. is about t\aice

those at 'f C.

4. Purification of the lymphocytes

suspension mxy thcn be achicved by onc

of the following techniques :

A. Surfacc adherence. The leuLccyte'

fraction is incubated ar 37"C lor I to 2

hours on an appropriate surfacc to which

monocyt€3 and polymorphonuclear leuho'

cytcs ( PMN ) att.ch. The lymphocytc8

{ r'ith contaminatiog Platelcts aRd €rythro-
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cytos ) rcmrin unatt.chcd tnd can be re-
movcd virtuallv frcc of phagccytcs. .l.he

materials urcC for phagocytic attachment

are nvtoo fiber, (52, 53) cotton, (5+) (55)
glzss wool; (23) bcads, such as gtass (-i6,
57) and polystcrenc; (-s8) or wide-surfaccd

cootsiners, such a! petri dishes. T flaskes,

or Blake bottles, (59,60)

B. Phrgocltosis, Carbonyl iron filings
added to the leukocytc sulpcnsron are in.
g.sted only by monocr,tcs and granulocytes.
"fhe phagocytic celts then can be removcd

fron the Iymphocytes by centrifugation

or bv introdr.rcing a mrgoct into the ccll
suspension. (6 I, 62)

C. Densitf grijients. The leukocytes

arc sedimented through density gradients

made of albumin, (63,6{) dextran, merhi.i.
ccllulose, F'icoll ( 65 ) or Isopaque. ( 66 )

Phagocytes and rcd cells, possessing grerrer

specific gravities, scdinrent to the lorvcr

Iayer, rvhilc tire less dense lymphocr.tes

rcmain in the uppcr portion of the grrdieir,
Some of these method! are timo consum-

ing and some albumin preparation mr,t,

havo I stimuleting effect on lympho
cytes. (6 3)

5. Centrifugrl force in excess of 200x
g are not adviscd. In addition to mini-

mizing possible damage to the cells, gentie

centrifug{tion of the supernataot rftcr rcd
cell sedimentation servcs to elimio.rc most

of the platelets, lVhcn suspending a cen.

t57

trifugcd ccll pellct, gfntle mixing or tritu.
ration $ith :r s-ide_bore pipctte should be
(m plol-ed.

6. It is shown that tis3ue culturc
medium 199 supported grorvth in lympho-
cvre culture to a much grcater cxtcnt thsn
\tEM. (67. 68) \ialentino ha8 found thlt
RPMI 16+0, a culture mcdium developcd

at the Rosrvcll park Mcmorial Iortitute is

exccllent for short term Iymphocyte cul-
ture. (69)

7. In order to obtain , good prolifera-

tive 165pott"" plasmr or pooled human sera

should be added into the culture medium.

Frcsh autologous ptnsma scems lo work

best ( All plasma, humaa scrum tre elso

adequatc), [,'et:rl cali serum is not recom.

mended since it contains a growth - pro-

nloting facior that incrcascs background

(" spcntaneous ") trrnsformarion. (ZO) With

human l1'mphocvtes, a gcod response ob_

taincd rvith plasma or scrum concentration

trf bctween 10% to 2011.

Lymphocrte transfcrmation can be

achieved in a serum-free medium, (71) but

viabilitv nnd degree of t.ansformation are

greatlv reduced. Bergman ct al (72) have

rcportcd that 6 % dextran or 5 /. glucose

cen leplace serum in thc culture mcdium

rvithout diminishing thc lymphccyre res_

ponse to PHA.

8. Penicillin vi'ith is included in thc

culturc medium to counteract bacterial
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growth, mey contribute to thc culture

responss by .timul.t€s the penicillin-sca'

sitizec iymPhocytes ( I6' 70 ) llowevei'

most workers have not cxperienccd this

problem,

!. When high cooccotrrtion of celis

are employcd cell'to-cell contrct will occlrr

earlicr thAn rvhen low ccncentretion ilre

rrsed, It is observcd that cell population

( or density ) mrlst often he at a certain

level beforc cells rvill gro* Io gencral'

concentrltion of humsn cells below 0'25x

106 psr ml. should be avoidcd unless d

very smrll culture vesscl is used \li:h

human blood leukocyte culturec 0 25-0'5x

106 lymPhocytes per ml' will usuelly give

a viqorous respcnse. lt is advise thrt a

concentrrtion of 0.5 to 2.5x106 lympho-

cytes pcr ml. in the original inoculum

g.ems oPtimum in promoting mrximurr

grorvth and transfornation. (48, 60)

10. The meinterlnce of a physiologic

pl{ (7.2 to 7.f) is cssential for viabiliry

end growth of the culturc. (73,74) During

the final drys of culture uhen considera'

blc cell division occLlrs, the mcdium m3r

become quite rcid cspeciali-v when larqe

numbers of cells are cmPloyed' It is

strcssed thrt the lcthai effect of failing to

control pH of thc medium at the onset

would havc becn lik:ly to effect rhe I)m-

phocyrcs before thc onict of transforma'

tion and hter to the transfolmetion cells

losscs of lymphocytes \vili occur' (75) The

Vol. 5 No. 3

pH of the medium is commonlv regultted

with g bicrrbonate buffer ( 7.5% solution )

and tho cell suspensions incubated in

tightly stopPered containcrs ( rllowing an

air phaso of at lcast thiee timcs thc depth

of the fluid ) or in lossely covered tubc$

undcr an atmosphere of 95 96 air and 5 9i,

(loz. There is no enhancemcnt of the

response whed 7 !{' oxygen is uscd but the

oxyg€n concentration of greater than 20 9i

(air) will decrcase the proliferative res'

ponse. (76, 77 ) Many rvorkcrs find it

rather incovcnient to use a CO2- bicarbo'

nate buffer system. ,{ mothod in which

llepcs buffer can be substituted for the

two-phase CO2- bicarbonate system is de-

veloped with better results ( 7li ) 'i'his

singlc phase liquid buffer used together

rvith mcdium 199 allowcd assay of a mixed

lymphocyco culture as early as 2- 3 days

morc stimulation being observcd on day

3-4.

11. Optimrl growth is also dependent

upon thc source of lynrphocytes and the

mitogen used. LymPhocytes from human

periphenl blood exhibit good growth and

mitosis whcn stimuhted with 0 05 ml'

PHA-P per 3x106 cells. Horvcver, lym-

phocytes from diffcrcnt tissucs vary with

respect to thc 2moutlt of PI{A requircd to

induce maximum Srowth. ( 79 ) Poor prc-

cision in the Past has been attributsble to

the use of a PH.{. preparation hrving a high

titcr of leukoagglutinin ( PH.{-P), which
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resulted in thc formation of large ciumps

-during incubation. Thc use oi purificd

l,HA (such as Burrough-\\'ollcomc " Phy-

tonitogen " MR 68 ) hns greatlv incrcased

'the precision. (80)

12. One of the initial evcnts iE the

settliog of the suspended cclls to the bot
-tom of thc culture tube. Thc formation

of this bottom of cclls may be of impor.

tlnce for the subsequent immunological

rcaction. Cell-to cell interaction rppears

to be e tequisite for growth erpecially

during the first 36 hours of culture; ( {9,

lll,82) hence culture vcsscls with aroun<i

or conical bottom with small surface area

lupport bct{er growth than those flat bor-

'torn flask or bottlc with a large surface

larca,

13. It is a gencral pracrice to elimi-

nate phagocytic cclls bccause of thc bclieve

that the presincc of the latter mav influ-

,cnce thc lymphocyte growth kinotic. Con-

flicting reports havc attributcd both an

cnhanciog (83) and an inhibitory (84) efiect

on lymphocyte response to PHA, Ir is

noted thit lymphocytes eppear to cluster

around macrophagcs in these culture ( 87 )

1nd that if ldhcrent 8ells :rre remove.l

.irom lcukocytc suspension the remrining.

" l\rrified " lymphocytes rcspondcd poorlv

,to stimuiation by antigcn aod in mixed

leukocyte cultures. (86, 881 ['he transfor-

mation rcsponse could bc restored in the
proportion ro the numbcr of phagocytes
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added to theso cultures. (85,86) Although

the adherelt cclls ( phagocytes ) may bo

functioning in part as 'a feeder layer for
the lymphocytes, thcir major function
would seem to be in thc prcsentatron of
antigen to the lymphocytes. Horvevcr,

the role of the macrophage in PHA-iuduced

transformation remains Iargely obscure.

" Pure" lymphocyte cultures and unsepa-

ratcd leukocvte cultures achicved a com-

prrable level of transformation in response

to PHA, ( 57, 86) but the possibilirl- c.n
aot be ruled out that in "pure" lympho-

clte cultures, a fraction of the Iympho-

cvt.s trrneform into macrophages, (89. 90)

or perhaps a I:ew contaminating monocyles

cffect thc transformation of other cclls in
the population.

14. Accuratc pipetting of the lympho-

cvte suspension into the triplicate cultures,

adequatc mixing of the suspension bctwecn

pipetting are important.

15. Thc inrbillity to count lympho-

cytcs in culture has been due to thc ag-

gregation of cells in tight clums bv pH.{,

the accumulrtion of dcbris, and the agglu-

tinated red cells (contaminetcd in the

leukocyte suspension ) becomc rcslsaanr ro

the lytic agent in the WBC couoting fluid.
Whire cell clumps in PH.{-containing cul-

ture can bc complctelv dispcred by aspi-

rating back and forth 4 to 5 rimes through

a 25 G, disposable needle conncct.d to . ?
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ml. stringe, followed immediatcly by dilrr-

tion of the aliquot for cell-counting.

Twc m:thcd; hrvc been describcd

recently for counting aggregated lympho'

cytcs in Pl-IA-containing cultures (91, 92)

I3oth employ t detcrgent for disaggrcgating

the lculocyte agglutinates. Stewart rnd

Ingram (91) h*ve founcl that a P.oteolytic

e,rzyme, pronrsc (Oalbicchem, L..4., Calif.)

is sopcrior to tr\ psin in digesting nonti-

able cells nnd debris end the c-atolttic

agcnt, Cctrimide ( Cetrvltri - methylam -

monium btomode ) in the couring solutio:'t

loptimum concentration 5 mgiml. ) effcc'

riv.ly strips cytoplasm frotn cells so thrt

accurlte couots of nuclci lnd nuclear

volume mcasurcment can be obtirined'

Howcver, s smrll number of macrophages

often appearing in the cultures mry be

confused with blast cclls. Since degenern-

ting as rvell as derd cells ray l-.e susccf-

tible to the lytic action of pronasc, this

method raises the addcd prr.,blem of detcr.

mining rvhat ploportion of the cells rc.

presented on the smear should be included

in the cell count.

Cate should be taken to avoid loss of

ccll clumps above the level of mediurn

Accuracy in cell counts ma"v be im-

proved by adding polystl'rene particles to

the cultures for srrbstquent identification

of the phagocytic macrophages on stlined

prcparatlonS.

16. Other than Wright's strio, 2 other
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tlpes of staining have bccn emploved. An

acid-orcein nuclear stain has proven useful

cspeciallv in the hands of those accustomed

to evaluating nuclcar material. Others.

hare expericnced some difliculty in con-

fusing nracrophage lrnd blast ccll nuclci

uben using this stain and harc obtained

sonrewhat higher levels of " blast cells "
in unstimulated culturcs. Staining rvith

Ciemsa as a combilat;on of \tav (irunrvald

and Giemsa provides the range of tincto-

rial propertics of cytopln3mic as rvcll ls

unclear staining u'hich are quite useful in

distinguishing cell t)'pe.

17. \Vilson and l homson (75) observed

that in the absence of l'llA, 101' or less

of r leukocvte in the ctrlture dicd in 2 da1's.

Mortllitv of statting cclls ia significarlt as

dernonstratcd b1' the prescnee of 150-3(l{)

pvknorit small )tmphocvtes prr c'r.mnr' in

3 d^v culture. It is advisable to iclentifl

these pyknotic cells rvith non-transformed

lvmphocttes having died prefcrentirllv ancl

progr.ssively. both as a result of llteratlon

ifl the enrironnent Produccd b)'the trans'

form:d cells and from toxic action by non

mitogonic impurities in the PHA prepari-

tion. 'l'here een h.1vc bcen little cltocidxl

ar,:tion by the PllA prePrr:ttion orr trtns-

formrble lvrrrphocrtes prior to trtnsforma'

tlon.

1S, With nll of these methods onc

rncasured onlr' the net result of all strh's-

tances srimulrting the lyrnphocytes and all
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frctorr inhibiting or limiting tbcir rclponsc.

19. Thc meluremcnt of lympbocytc

tnatforhstion by tritirred thymidine in-

corporetion is crtrcmcly acnritivci howcvcr,

it is prrticul.tly rurccptiblc to crror. tris-

ing from poor tcchniquc. Crrc *ith
retpcct to rtcrility rnd rccur.cy murt be

obscrved tt rll strgcr. Infcction in prrti.
cular crn givc rire to rbnorrnally high rti.
mul.tion rnd thcrcforc tny contrminated

culturcs must bo diecardcd.

REVIEW

Over thc plsr dcctdc considerrblc in-

tcrcat hr! bccn shown in thc pllnt lcctin,

phytohom.gglurinin (PHA ), obtaincd from
thc rcd Lidncy bcan - Phrscolur vutgrris.

Thir lcctin is e potcnt .ryrhrorgglutinin
which ir abo caprble of egglutinating
Iculocytcr rnd tpp.rcntly ltimulrting mr-
jority of smrll lymphocytc! (long-live
lymphocytct, thtmus-dcpcndcnt) in humrn
pcriphenl blood culturc to tranlform into
largc bkst-likc ccllr end undcrgo mitolis.
Interelt in PHA her bccn largcly duc to
this lattcr rctivity, rnd numcrour rcporrg
hrvc documcntcd etimuhtory cffcct tin vitro
on lymphocytc RNA rnd DNA rynthcsir
rnd on morphologic tr.nlformation .od
ccll division.

Tbc finding of Tunis (93) of I crto-
rgglutinin io prcprrrtions of pHA which

rStlutinrtcd rll nuclcetcd cclls testcd in-
dicrtcd thrt PHA .ttrchcs to thc rurfrcc
of r rvidc varicty of ccll typcr. Thc

l6l

lculorgglutinrting and mitotcnic rcrivitirr
of PHA cen bc ecprrrtcd from ir erythro-

,gglutinin by rdrorption of rhc l.ttc! onto

thc !urf.cc of crythrocytcs, (94-96) rnd
or bcatonite, ( 93 ) Thc lculoagglutinin

and mitogcn havc not bccn scprratcd rnd

rpp.rr to rcsido in tbc rt'nc €ffoctive

frrction ( 95, 96 ) and hae in thc prlt lod

to thc conclusion thet agglutinrtion i! a

ncccssrry prcrequisite to rtimuletion. (79)

MECHANISM OF LYMPHOCYTE

STIMULATION.

In thc rcating lymphocyte, RNA and

protcin synthclca procccd at low lcvclr

and DNA replication do.! not occur,

Within minutec of contrct, PHA dirruptr

this quiEccnt rtltc .nd in thc following

fcw hours thc smrll lymphocytc rcrd jurtr

its rnctabolicm to support the rctivc

growth. Thc mcch.nism by rhich nitro-

gcns initirtc such profound .ltcrrtion rp.

pctr! to be mcdirtcd in a triggcrlilc rcac.

rion. ar warhing ccllr frec of thc mitogcn

aftor only r fcw minutcs expolurc docr

not prcvcnt subscqucnt trantformrtitn. (25,

98,99) 'fhc ccll rurfrcc het bccn impli-

crtcd rc thc rite of thc trigter m.ch.nism

which bccomcr .ctiyrtcd when PHA intc-

nctE whcn PHA intcract! with rcccPtors

on tbc mcmbrrnc. Aftcr a bricf cxposurc

to PHA, thc clcctrophorctic mobility of

thc lymphocytcr suggcstivc of rltcrrlionr

in tho rurfrcc chrrgc rccurcd. ( 100 ) Al-

tbouth tho rcccptors hevc not bcrn idcn-
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tiIie:1, cvi:ler:r su3q:3ttd thrt they mly

take thc form of grmmrglobulin molccules

risiding on thc membrene. (25) Phospho-

lipids also has b:en considcred as possible

surfacc rcactive sites, ( 101 ) It has elso

becn notcd that lymphiod cclls trcsted

with wh;at gcrrn liprsc as \rell ca trvpsin

are unablc to adsorb aotibodieg to th.ir

surfacc, thus, thc reccptor sites binding

thcsc cytoPhitic antibodie may be lipo

protien. ( 102) Certain sugers on the

lymphocyte membranc also may play a

rolc in lymphocyte activation' Fucosc and

\-acetyl-galectosamine oo thc membrane

play an important role in the " homing "

of infused lymphocytes to lpccific sites in

lymphoid tissuo. (103) Borberg et al (l0i)

notcd that N-rcetyl-gahctosamine irthibited

both the mitogenic activities and the rt

tachmcnt of r3r l-PHA to Ivmphoid cclls.

'fhis inhibition mry due to competition

with polysrccharide comPonents at reccptor

sircs on thc lymphocyte membrune. An

injury-m diatcd criggor m:chenism is also

ccnsid:rcd rs r Possible mechcnism of

action of PH-{ st ths c:ll rn:mbranc.

Enzym:s such as tryplin, chYmot.Yp

sin and paprin pro:notc th3 transformation

of . small percent of Iymphocytcs, probr'

bly by drmrging the cell surface. ( 105 )

Microwavc irradiation, ( 106) ultrrsonic

injury (107) rnd rntlgcn-antibody complex

(108) in tho prescncc of comPlemsnt ate

Vol. 5 No' 3

crpablc of stimulating nonscnlitized lym'

phocytc!, presumably through injury to

the membranc.

Leukoagglutination and incrcascd mi-

cropinocytosis that accomPrny lymphocyte

tctivation is probablv not essential to the

trigger mcchanism (5) Transformation

can be induced by staphylococcal filtrate

and antiellotypc serum (25) ( thrse agcntr

do not agglutinrtc lymohocytco whiic the

Vi antigens-coated lymphocvtes ( thus' are

prevented from agglutination ) can be acti'

vated to from blsst cells. (109) tncreased

micropinocytosis in activatcd lymPhocytes

mry be secondary onlv to the membrane

changcs thet havc occurred'

,A.lthough thc cell membranc plays an

importaot rolc ia thc ectivrtion process'

implcrnentation of cell growth,mo6t proba'

biv proceedr through intra'cellular mccha'

nisms. 'fhe controlling site may residc

within the nuclcus or morc likely, thc

cytoplasm. Hischhorn and Weismann'e

findings(53, 100) havc suggcated that thc

rclron of PHA may procecd through mo'

bilization of lysomal bound hydrolytic

enzymcs in the cytop)asm' Thcsc cnzymcs

may then Procced into the nuclcus for the

purpose of stripping D\.\ of proteinaccous

rcprcssor materials thrl in turn allorrs for

widesprcrd gcne activation in terms of

DN.4.-directed RNA synthesis' Dtugs such

as chloroquin (11l,l l2) and corticosteroids'
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(l l3). which inhibit lymphocytc tnnsfor-,
matiofr, m.y rct by rtabilizing llrlit_omal

rnornbrancs and thus prcyent the'r.cleaic

of lyrosomal hydrolases. (ll4) Srrcptolysin.

.5 rcnderl lylosomela mcmbrrnce labilc,

thcreby inducing mitosie in rhc manncr.

.similar to'PHA. (17) 
, 

.l_ ..,

' 
Studics utrlizing PFIA fr"c'iioni. hb.lcd

with triri'rm, {l l5) 1251. (ft6), fluor$c6in

isothiocyanrte, (l l7) and mcrcury show.lhat'

PHA is localizcd initirlly within thc cyto.

plasm. !-rom controlliog rites residing in

.lhc cytopl$m dcrcprrssorr may bc trans.

rnirt€d to the nuclcua,

. Dircct nuclcar activation. by pHA rc.

",'mains a diotinct poselbiliry.: Withia mi.

.notgs../rti tya'phocytol are cxposcd to

ly increasgd: fhis carly nuclear evcntt

represtnt eesential stcp8 in gcri. .ctiv.tion

and trsnscription.
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Figrrc [. summrrizct somc of thc

viewr rcgrrding the mechrnismc thrt ory
opcrrtc to control lymphocytc prolifcntion

in vitro. lt is not known whctcr r rccific

tnd nonspccific mitogcm rctivrtc lympbo-

.cytor by similtr mcchrairmr. Conceivrbly,

nonspccific agcnt! intcrrct with r widcr

tpcctrum of rcccptor ritcr, whilc rpecific

mitogcnr mry cngrgc rpccific .,rccogni-

tion " citcr on thc lymphocytc lurfrcc.

Rcccnt rtudicc indicrtcd thrt romc entigcnic

'dcterminrnt sitcs on tho pHA molcculc

'rnd thc lymphocyte surfrco wcro eharod,

-a! lyrnphocytc. trcltcd with snti-pHA
rntibodicr wcro unablc to rcspond to plIA
,\l2l) Thcrc appcrr to bc e g.owrng

rcccptrncc that thc rcquence of ovcnts in
thc normrl immune rcsponsc may com-
ntcacc whcn antigcnic matorirl is phago-
.cytozcd by r macrophagc. ( 122 ) Subsc_

'qucntly, thc antigcn or antigcn fttgmcnt
rs bound nonrpccifically to machrnism

from that of the antigcn-incluccd rclction
in which thc rnrcrophrge plays e crucial

"aolc,

METABOI,IC CHANGES IN PHA .
SIIMULATED LYMPHOCYTES

RNA. SYNTIIESIS

Accclcration of RNA synthcsis has

6ccn dctccted in lymphocytc cultures
within 60 minutre aftcr the cxporurc !o
PHA. ( 123 ) and incrcncd logrrithmicrlly
{or the next 2+ hours. Ir rcaches mrxi-
-mrl r13gr bctwccn 4E and 72 hours afrer
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erpolurc following which thc rrtc rcccdcd

torrrd prcrtimuhtioo lcvcls by 9 drye. (36,

121, l25l As r conscqucncc of pHA sti.
mulation, rynthcrit of riborome rnd non-
ribosomrl RNA incrcrrcd.

PROTEIN SYNTHESIS

Rcsting lymphocytr! producc rrprll
rqtouot8 of ptotcins, commcaruratc with
tbcir quiclccnt rnctrbolic ntc. Following

crpoturc to PHA, protcin ryathcrii ir
sigaificrntl:' clcvrtcd by 3 hourr (125) rnd
rcrchcr I mtximum rt 2 to 3 dryr. It
har bcen crtimttcd thrt lOG lymphocytc,

produccd tbout l0 u8 of protcin ( rbout I
porccnt of thcir wcight ) within 24 hour.
(16) Protein synthois is clscntirl to lym.
phocyte trunsformrtion, as blut ccllr fail
to derclop in the prcrcncc of protcin in.
hibitors. (74) Scvcrll sej1"r. rgrccd thrt
frcshly iroletcd lymphocytcs incorporrtcd

lrbclcd uino rcida into meny cluscr of
protein, hrptoglobin, and a vrricty of sub.

st.nceg including all cl|lscr of imlluno-
globulins. (23) PHA-stirnulrtcd lymphocytcs

se€m to producc all the veriticr of protcinc

svathcrized by unstimulatcd cells, but in
grcrtc. amounta. Although cerlicr inycs.

tigrtors had ldcntificd gameglobulins as

th6 predorriornt protcin synthesizcd by

PHA-stimulrtcd lymphocyto, most of thc
reccnt workcrs hevc found thrt thc mrjor
protein of thca6 protcins is nonimmunolo-

sic. (26, 126, I28, 13l, 133 ) Of thc im.
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munoglobulins produccd, l'HA-trcated lyln-

phocytcs sholved cithcr x stnall incrc2se

il3l, 112) or no significant increrse abovc

thc controlg. It was Postulated that thc

lymphocytes rcsponding to thc nonspccific

mitogenr mu:t rcPrcaent a population dis'

tinct from that p(imcd to rcspond to sp€cF

fic lnti8cns. It may be conciuded rt thc

prcsent time that PHA (end aho thc anti-

gen ) -rtimulated lymphocvtes produce valt

qu.ntities of protcin of which immunoglo-

bulins constitute but a minute fraction.

While tpecific entigens may induce antt-

body svnthcsis directll', PIIA may cnhan-

cing the producticn of antibodies only in

antigen 'sensitizcd lvmphocvtes in which

specific antibodl' production is alrcadv

programmed. lt is y.t to be dctcrmined

whcthcr PHA does in frct enhance tmmu.

noglobulin production in a cell already

geared for such synthesis, or whether PHA

causet the recruitment of rrerv cclls into

an immunoglobulin-svnthcsizing pool.

DITA SYNTHESIS

It nppears that oni-t" bltst cclls svn-

thcsizc DNA and proceed to mitosis' In

tho circulating blood only a small fraction

( lcss thrn 0.-5 Pcrcent ) of morphologic:tllv

small lvmPhocyto incorPorlte tritinted th!'

midinc into the i)NA. ( I 37' 138 ) \{hcn

iocubatc<l rvith PltA, the mrjority of thc

cells rcplicatc I),r*A. Within l8 to 2+

hour zltor lxposure to I'II'\' l)NA srnthc'

Vol. 5 No. 3

sis remains at a low lerc1, then attain t

maximum at 2 to 3 days ( liigure 2- 3 )

Aimost ail of thc cellr slnthesizing l)\A
hrvc becn identificd rs bl,st cells on thc

eutorrdiogralirs. l)erccnt transformation

and labeling indices show good correlation

in thesc cultures. (139) It is also notcd

bv many uorkers that cven in zctivclv

gvnthcsizied cclls, tbc numbcr of cells in-

corporating thvmidine (autoradiogrrph ) is

always small than the blast-like cells.

This is probabiv duc to thc presencc cf

an asynchroncus populrtion of lvmpho

cyter in culturcs rather then the possibi-

lity of the prcsence of | {actor ls) iohibi

tiag th1'rnidineincorporrtion. Thcsc

l8vnchronous Ivmphocrtcs go into s-period

(which is rathcr short period in thcse cells,

approximstel-v 6 to S houn) at diffcrent

timcs. In addition, it is probabJr that not

all cclls th:t become activatcd will erngage

in D\-\ svnthcsis and not rll blastogcncnc-

sis leads to rcplication. (14()) 'l'hercforc it

depcnds rrlrn the technique of meisurinp

the thymidine inc.oporstion, the spcciiic

nctivity of tritailed thvmidine used. the

total amount of th,vmidine, lnd thc durs'

tion of incubation ia laboled thvmidinc,

thc rcsultg mav be cnornrouslv difcrens-

(l-{0) 'l'hc kinetics of R\A synrhcscs cnn

be investigatcd by exposing alternzte cul-

turcs to 3[I uridinc or 3H-thymidine, res-

pcctivelv. tr{etabolic lesPoD!c mav be
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-a!ssssed in individual cells bv autoradio-

:eraphic procesring of culturca exposed to
3lI or l4 C-labelcd precursors. This tech_

nique hrs thc advantage of differentirting

167

cell tvpes that are activc in mctabolic

synthesis end is particularly useful in de-

lineating the pattcrn in which macromolc-

cular synthcsis evolves thc cells. (6, 142)
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flEI,EASE OF LYSOSOMAL ENZYMES.

Shortly aftcr siimrrlation of lympho-

cytcs by mitogens, within 24 hours, there

'is an increase of lvsosomal enzvmes. The

only enzyme that h:ls beeo found in

supernates following PILA. stimulation is

acid phophatrse. Ii:rlies it rvas thought

thrt it wts releaged from the cell throueh

'to:(icitv or csll death. It has rcccntiv

bccn shown that, following phagocytoses,

and concomittant with it, therc is release

of lysosomal €nzvmcs into thc supernrte.

r his is not accompanicd b"v relcase of

othcr cytoplasmic enzym€s, therefore,

apporrs to bc relativelv spccific, Shortly

afrer stimularion of lymphocytcs (within

18 minutes ) there is an incrcase of endo-

< vtosis, and it was speculated that, similar

RNA SYNTITESIS
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to thc PhtSocytosia, thcrc il I rclcrle of

lysoromrl cnzymes. (143)

OTHER METABOLIC CHANGES.

Therc carlY chrngca wbich rrc ob'

scrvcd to occur in thc rctivrtcd lympbo'

cytct lrc rcccntly rcvict'd by Hirrchhorn

(l+3), Cbrngc! which occur in thc nuclcu!

ere: chrngcr in rtrrining of hirtoncs (rc-

Irtivcly nonspccific ); rn incrcrrod rcridine

orrnge binding (elso nonapccific sincoPHA

will cruse tho similrr chrnge in polymor'

phonuclcar leulocytc lt wcll t! thc bl'!t

cclls )l incrcrsc binding of lrbelcd actino-

mycin ( spccific ); dccrcreed r*istancc to

hoat dcnrtufltion of nuclor protcin; in'

crer. temPlttc capecity; incrculd RNA

rnd DNA synthcli!.

Chrngcs which hrve bceo dcrcribcd

in thc cell mcmbrane arc: iocrcrucd phos'

phrtidyl inoritol synthcai! $hich hr! bccn

dctcct ls clrlt lr l5 minutcs rftcr crporutc

to PHA; incrcracd in phorphrtidyl cholino

end edcnyl cyclas. rctivitict with rn in-

crcrrcd in rbrolutc lcvcl of cyclic AMC"

Vol. 5 No. 3

MORPHOLOGIC CHAI\|GES ACf,OM-

PANYING LYMPHOCYTE STIMULA_

TK)N.

Two or tbrce dayr rftcr tlrc lympho'

cytcs in culture htvc bcen cxPolcd to PIJA,

large, primitivo - appcariog mononuclctr

c.ll! predomiortc. Thcrc ccllr Po8s.ss n

lcptocbromrtic nuclcut (cnchromatically

rtaintng), one or morc Promin.nt nuclcoli,

abundant blopbilic cytophcm and r coll'

diamctcr of 15 to 30 microns. A clcrr

pcrinuclcrr tret rnd numcrou! vtcuolca

mrt rpPc.r in thc cYtoPlalm' Thcsc

mitoticrlly .ctiYe cellt have bccn vrriously

callcd thc bhsts, trrnsformcd ot lctivrt.d

lymphocytcr, lymphoblosc and PHA cclls

Cclls, intcrmcdirtc in sizc rnd cytologic

dcvclcpmcnt bctwccn thc snall lympho-

cyte rnd thc bltlt ccllt (trrnritionrl ccllr)'

lrc rccn i! profulion rfict 18 to 30 hour+

of culturo with PHA, but nrl bc fornd

thoughout thc cultutc Pcriod-
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I

Thc blast cells that develop ir pHA-

trcatcd cultur$ cxhibit an enormoug in-
crcrsc in ri tosomes, an hypcrtrophicd

Colgi apprratJs, and a scant rmount of
rough.surfaced eadoplasmic reticulun. The
trtnsformed cells arc quite active in mi-
cropinocytosis, which rccounts for numer.
ous vclicl€s within the cytoplasm ( 5 ).
Mitochondrla arc increascd in numben
and mr.ry elcctron-densed acid phosphataso

bodics arc locatcd in thc proxircity of thc

Golgi apprratur. It was obscrved earlier

thrt both tr.rnsformcd lymphocytes from

tubercuiia sensitizrtion (14+) rnd the blssts

seeo in thc mixed leutocyte culture ( l{5 )

exhibit thc fine strucrures thrt arc indis.

tinguisbablc from those obscrvcd in thc

PIIA-trrnrformcd ceils. Parker et al (146)

hrs recently found that bundlcs of cyto-

plasmic fibrila are obsrrycd in rctivrt(d
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t-rrnphocytcs anC blasts in hurnln mlxed

tymphocyte cultures Similar bundlcs are

net acen in thc PHA - transfora'cd cells'

Ihis morphologic obgcrvation fur:her indi'

.atc that thc trsniformed cclte observcd

.n mixcd lymphocyte culture and PHA

culturc arc not identical'

Rcports differ 8s to the PrcPortioog

of human blood small lymphocyte popula-

tion which are caprble of undergoing

traosformation to blast cells under thc in'

fluence of the mitogenic agent PFIA but it

scems to be gencrally agrccd that it is

only a fraction of lymphoeyte PcPulation'

Oppcnheim et al (3-1) estimated that 75%

of human blooC lymphocytcs capable of

transformiog undcr the influenco of PHA

witbout taking into account loss of smrll

lymphocltes or division of transformed

cells. Howcver, the lorrer average value

of 6094 (45-7394, is observcd when losr

rnd grin rrc also considercd. (75) In fact,

Vol. 5 No. 3

in thp absence of PIIA, approximately t09l

of a lcuto:ytcs in thc cultur€ died in 48

hours (75),

Sequentirl study of rat lymPhocytes

pulse - labeled u'ith 3H'thlmidine revcalcd

that initially only the transformed cclls

( blast plus trlnsitional cclls ) incorporated

3H-thymidinc while lcss thao ll1' of rmall

lymphocytes bcing labeled' By 28 bours

after the pulse label 26% of small ltm'

phocytes ere labelcd b'rt rhc labeiing in'

dicts of transformed cellg oscillated as the

labellrd cohort traversed thc ccll cyclc'

After having s6lqhsd mllirnal numbcrs

at 2 to 3 days, blast cclls decline and thc

culturc consist largely of labelcd small

lymPhocytcs. Thus, after one or morc

divisions, blast cclls may rovert to t res'

ting 3t.te, again assuming thc morPhologic

fertures of small lymphocytes 'l'hese

quicscent cclls can be restimulttcd to 
'ield

a sccond spurt of bh.st dcvclopmert (148)
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T'ACTOR] AFFEOfItG LYMPHOCI'TE

GROWTH I\ IN.VITRO CUI,TURE

Thc eflccts of contaminrted Phagocltes

ere d scus;cd abovc. Donor slnsitization

to v.riety of agents may influcnce lym'

piocyt: growth in cuiture such as penicil-

lin hyp,'r:cnsitivily ( 16, 70 ). Thc ph,rsi'

ologic strtur of a donor mry affect lhe

lymphocytc rc:lctivily to stimulation. Lyrn'

phrcytcs obtained from individunls during

virrl infcction, ( I+9, I50 ) postoP.'rative,

(l5l) and drug therapy ({7, 111) exhibit a

rcCuced respons.' to PIIA. In addition,

the mlgnituJe of the response of a nornral

individual mry bc rariablc when t(sted oo

diifcrent occ:rsion ( I52. I53 ),

SIGNIIICANCE OF IN VITRO LY[T.

PHOCY TE TRANSFORI\{ATIO:{ BY

PitA
'l'hcre is ccinsidcmble cvidcnce in favcr

of the vicw that the small lymphocytes.

prrticipite in specific cellular immune res.

p.rase such as graft-versus-host reaction,

(151, 155) homograft rejection, (156, 157)

dchyed type hyp:rsensitivitv, ( 158 - 160 )

:nd act as a carricr of immunologic me

mory (16l ). rfhc in vitrc induction of

Vol. 5 No. 3

traosformation and proliferarion by speci.

fic mitcgcns might reprcsont an exPression

of th: in vivo d,'layed type hyperscnsiti.

vity reaction ( 29, 30, 162 ).

While PII-\ prcdaccs a striking sti

mulation of lymphocytrs grc$th and pro.

lifcration reminisccnt of the immune rcs.

ponse, there is no cvidcnce th.t PH.{ acts

as an antigen, llorvever, transiormation

aod proliferation in response to PHA is a

chlracteristic of normal lyrnphocytcs, and

faiiurc of lymphocytcs to rcspond to PFIA

corlclatts rvell rvith immunoJogic incom-

p. tence ( l6l).

Thercfore, PH \ - indu:ed transforma.

tion of smsll ll..mphocytcs mey be regerded

as an in vitto mcdcl of at leart one phase

of normol imorune rrsponsc-namely lym.

phocytc proliferrtion. This rvould not

reflcct all of the aspects of immune com-

petence. lior instance, antigen rccognition,

immunologic rr,cmory, and antibody prc-

duction are mrst likely not reflected in

the respcnse to PIJ.{. PfIA-induccd trans.

formrtion of circulating lymphocytes ( in

vitrol might bo e:ipccted to tcat the com'

pctsncc of ' thymus-dependcnt " ItmPho'

cyres,



Scptember 1972 173

REFERENCES

I. Norvcil, P.C.: I'hr tohcm agglu tinin: An
iniriatrr of rnitosis in cultures of nor-

mrl h:rnln lcukccytes. Canccr Rcs

2C:162-'i56, t9t0.

2, Carstairs, r(.:'fhe hrrman sm:ril Iym-
phccyte: Its possiblc p!uiipotentinl

quxlirv. Llrcct, I i 829, 1962.

3. tr{clntyre, O. R., and Dbaugh, F.G.

Jr: The efrccr of piri tohemegglurioia

on lcukocyte culture as measured by
32 P incorporrtion in DNA, RNA, and

acid srlublc fmcricns. Bjood I9:4+3,
1962.

4. Macliinney, .r\.A.Jr., Stohlmrn, F. Jr.,

and Brecher, G.; Thc kinctics of cell

prolifcr.rtion in culrurcs humrn peri-

pheral blcod. Biocd l9:3+9, 1962.

5. Quaglino, D., I{.ryhoe I. G. J,, and

Feeinrns, R J. : Cytochcorical obecr-

vations on the eff(cr of phytohem-

aggiut!nin in sircrt tcrm tissue cul-

tures. Nature 196: 338, 1962.

6. Tanrkr, Y., Ep:tein, L. G., Brecher,

G., and Srohlmrn, F. Jr. : Traosfor-

mr!ion cf l)mphoc)tcs in cultures in
hururn pcriphcral blood. Blood 22:,

6l +, 1961.

7. Co ,,rs1, E.I 1., B:rrkrn, R., and Hale,

A.J. : Ol.rservrtions oo the prolifera-

tion of human leukocvtes cultured

wiih phl.tohemagglutinin. Brit.J.
Flaemat, 9: 101, 1963,

8. Robbins, J.H.: Tissue culturc studies

of thc humrn lyrnphocytc. Scicnce

146: 16+8, 1961.

9, Epstein, L.8., and Stohlman, F, Jr:
RN.{ syothesis in cultures of normrl
humrn peripheral blood. Blood 24:
69, 196+.

10. Coopcr, I{.L., and Rubin, A.D. ; Lym-
phocyte RN..\ metabolism. Compari-

son between antigen and phytohcm.

agglutinin stimulation. Lancet 2: 223,
1965.

I I. Yoffey, G.C.B., Osmond, D. G., and

l{cct, E.S. : Morpbologic study of

the culture of human leukocytee with
phytohemagglutinin, Brit. J. Hremrt.
ll: 488, 1965.

12. I{eyhoe, F.G.J., and euaglino, D.:
Autoradiographic investigation of RNA

and DNA mctabolism of humrn lcuLo.

cytcs cultured with phytohemaggluti.

nin; uridine -5-3.i1 as a epecific prc-
cursor of RN.l, Nature 205:151, 1965,

13. Valcntine, F.T. in ,, In virro cor-

lelates of ccll - medirted immuoity "l
Ed. Revillar. J. p., S, I(argcr. Bascl,

1970.

I {. Permrin, G., Lycette, R.R., gnd Fitz.
gerald, P.H, : Tuberculin-induccd mi-
tosis in peripheral leukocytes. Lancct

l; 637, 196J.



174

15. Nowcll, P.C, : Unstablc chromosomc

cirangcs in tuberculin stimulated lcuko'

cyte cultures from irradirted Patients: 
I

Evidence for immunologicaliy com'

mittcd long - iived lYmPhocYtes in

human blood Dlood 26:793' 1965:

16. I{irschhorn' I(', ot al; Itnmunc res'

ponse and mitosis of humal periphc'

ral biood leukocytes in vitro' Scicnco

142: I 185, 1963.

17. Hirschhorn, I(., Schreibman, R'R ct

al: f'he action of streptolysin S on

peripheral lYmPhocYtes of normal

subjects and P3tients $ith acute rheu-

rhatic fevcr. Proc. Nrt' Acad' ScL

25: ll5l, 1964.

18. Elves, M.W., Rrath, S, and Isrrels'

NI.C.C.: The rcsPoose of lYrnPho'

cytcs to antigen cltallcngc in v.tro.

Lencet 1: 806' 196 3'

19. Dlves, Roath, S.' rnd Isrecls, M C'G':

'I'he in vitlo production of antibody

lymphocYte. Lrncct I : 1292' 1963,

20. Paul, !V.D', Siskind, (i W r and Bena'

cerraf, B.: Spccificity of celiular im'

munclesPonses, Antigen conccntra-

tion dopendcnce of stimulation of

DNA synthcsis in vitro by lPecifical-

ly scnsitized cclls, as an exPJesjion

of thc binding charlcleristica of cel'

lular antibody. J' Erp Mcd' 127:25'

1968.

Vol. 5 No. 3

21. Bach, F.H., and Ilirschhorn, K. : The

in vitro immune rcsPonse of Pcri'

phcral blood lYmPhocYtcs. Sem.

Hemat. 2: 68' 1965.

22; Farncs, P., Brrker, B.E. et al: Mito'

gcnic ictivity in phytolacca amcrica'

na ( pokewced ) Lrncet 2: 1000, 1964.

23. Chessin L. N., Borjcson, J. et al:

Str:Jics on human PcriPheral blood

lyorphocytes in vitro. J, ExP. Med'

12{:873, i966.

2{. Grasbeck, R., Nordmrn, C. T.' anil

Dc Ln ChrPeiie, A': The lcucocYtc'

mitogcnic cffect of seruor from rab'

bits immunized with humsn leuco'

cytcs. Acta Med. $cand. (SuPPl )'

17S' 412 | 39, 196{.

25. Selt, S', and G:ll, P.C.H.: Studics on

rabbit ly.nphocyres in vitro: I Sti'

mulation of blast trrnsforlnation with

ao aDtiallotyPe serum. J. ExP; M:d

122:423, 1965.

26, Scll, S., Rorve' D S., anrl Gell, P'G'lI';

Studics on rabbit lYml'hccYtes in

vitro: 1II. J. ExP. Nted' 172:.823'

1965.

27. Lirtg, N.R., cPiccr, E' Jcnes' K" and

Williamron, N': 'I'he activation of

humao PeriPheral lYmPhocYtcs bY

products strphyl'''cocci' Brit J' Hac-

m:'t. l1 : 121, 1965'

28' \{ills, J.A. The immunologic signifi'

cance of antigen-induced lymphocyte



September 1972

transformrtion in vitro. J. Immun.

97 : 239, 1966.

29. Opprnheim, J.J., Wolstencroft, R. A.,

and Gall, P.G.II ; Delayed hypersen-

sitivity in the gqinea pig to a protcin

hlpten conjug,rte and its relationship

to in vitro trrrsfcrmrtion of lymph

node, spleen, thymus and periphenl

lymphocytcs. Immunology 12 : 89,

1967.

30. Oppcnheiin, J.J. : Relrtionship of in

vitro trrnsformaticn to del::yed hy-

personsitivity in guinea pig and man:

Fed. Proc. 27 :21, 1968.

31. Gowrns, J.I..: The fate of prrental

gtain smrll lymphocytce in F, hybrid

rates. .{nn. N.Y. Acad. Sci. 99: 432

1962.

32. Schrek, R., rnd Rabinowitz, Y.: Ef-

fects of ph ytohemagglutinin on rat

and normrl and leukemia bumen

blood cells. Proc. Soc. Exp. Biol. Mcd.
'll3: 19l, 1963.

33. Quaglino, )D., and cow)ing, D.C.: Cy-

tochcmicrl studics cel!s from chronic

Ieukacmia and lymphosrrcoma eul-

tured with phytohemagglutinin. Brit.

J. Hremat. l0: 353, 1961.

34. Oppenheim, J.J., Whrng, !., and Frei,

8., III.: Immunologic aod cv.ogcn€.

tic studies of chronic Iymphccytic

leukcmic cells. Blcod 2(; 121,1967.

t75

35. Schrck, R.: Effect of phytohemagglu-

tinin on lymphoctt.3 from patientg

wirh chronic lymphocytic lcukemia,

Arch, P.rth. 83 : 50, 1967.

36. Ilavemrno, K., and Rubin, A, D.:

The del,rycd rcsponsr of cirronic lym.

phocytic lcukcrnia lymphocytes to

ph1'tohcmrgglutirrin in vitro. Proc.

Soc. Exp. Biol. NIed. 127:66, 1986.

37. Hersh, E.l\{., and Oppenheim, 1..J.:

Imprired in vitio lymph,)cltc tran3.

formltion in Itodliin's discrse, New

Dng. J. l\{cd. 2t-"3:1006, 1965.

38. Aisenberg, A, C.: l\hnifestations of

immunologicrl un r.,sfonsivcn( s8 in

Hodgkin's disease. Canccr Rcs. 26:

tts2, 1165.

39. Taglioretti, D , Dsposito, R., Ponti'

G.8., and Valcntini, R.: H:rematolo.

gica, 51 : 639, 19C6.

40. Uirshhoru, K., Schrcibman, R, R. ,

Bach, [,H., and Siltzbacb, L.E.: In

vitro studics of lymphocytcs from

patients lvith srrcoidosis and lympho'

proliferative disease Lrncct 2: 842,

196+.

41. Corvling, D.C., Quaglino, f)r, and

Barrett, P.iz,.M,; Effect of Kvcim

antigen and old tuberculin on lYm'

phocvtes io culture frorn srrcoid

p3tients. Brit. lled. J. 1:1{81, 1964.

42. Brznd,t, L., .Bouveng, R., aod Nor-

den, A.: Lyrnphrcyte test in setcoi'



176,

dosis. ,{cta. Med. Scand. (Suppl.)

176,38, 196+.

43. Leikin, S.L., Brzelon, W., and Park,

K,H.: In vitro lymphocyte tranrfor-

mation in ataxia telangicctasia. J.

Pcdirt. 68 | 477, 1966,

4{. Oppenheirn, J.J., Barlow. M;, Wald.

mrn, T.A., and Dlock, J.B.: Imprired

in lymphocyte transformation in pN.

tieots with ataxia tcliogiectasia. Brit.

Med. J. 2: 330, 1966.

,15. Lischacr, H.W., Punnett, H.H, and

f)iceorge, A. M.: Lymphocvtes of

extruthyrnic origin from an infant

witb congenital rbsence of tho thy-

mus: Bchrvior in virro. Nrture
(,l,ondon ) 214: 580, 1967.

46. Leventhal, 8.G., Waidorf, D,I.; and

T.rlal, N. J.: Imprircd lymphocyte

trrnsformltioo and delayed hypcrsen-

sitivity in Sjogren's syndome. J. Clin.

Invest. 46: 1338, 1967.

,17. I{ersh, Fi M.; and Oppenheim, J.J. :

Inhibition of in vitro Ivmphocyte

tr!nsfo!mrtion during chemotherapy

in mrnL Cancer Res. 27: 93, 1967.

48. Moorherd, P.S., Nowe!|, P.C. ct al:
Chromosome preprrltions of lcuko.

cytes cu:tured frorn periphcrel blood.

Exp, Cell Rcs. 20:613, 1960.

49. Yrmamoto, tl.: Reversible trrnsfor-
mrtlon of lymphocytcs in human

leucocyte cullures. Nature Zl2a 997,

1966,

Vol. 5 No, 3

50. Marshrll, W.H:, :rnd Robeits, K.B,:

Continous obs:rvations of tlle growth

and division of hunan smail lympho'

cyte. J. Physiol. 170 :54, 1965.

51. Coulson, -\.S., anrl Chalmers, D.G':

Rcspo:se of humrn biood lYmPho-

cyres to tubcrculin PPI) in tissue

culturc. Iinmunology 1?:*17, 1967.

52. Rubin, A.D., and Cooper, lJ.L.: Evol'

ving p:tterns of RNA metrboiism

during transition from resting st.lte

to .ctive growth in lyrn2hccytes sti-

m'rlrted bv phytoh:mrgglutinio Proc,

Nrt. Acrd. Sci. 51: 159, 1965.

53, Hirshhorn, R., Hirschhorn, K.' and

Weissman, G.: APPclrlncc of hY-

drohse ric\ grlnul< s t'n human lym-

phocytes Froduccd bv phytohemaggltr'

tinin and rntigcns. Biood 30:3{, 1967.

54. Lrmlik, J.O.: Scprr:rtion of lympho-

cytr* froln human blood. Acte Hre-

or:t. 35: 29{, 1966.

55. Simrns, I\I J., fowicr, R., and Fitz'

g:rakl, M,C., Cr:!i rnd tisrue Linetics,

19 63.

56, Grrvin, J Il.: Frctors eff{:cting the

adh:siveness of humrn leucocl tes aqd

platelcts io vitro. J. I')xp. Nled' ll4:
51, 1961.

57. Rrbinorvitz, Y.: Scprrrtion of lym-

phocytcs, polymorphonuclear lcuLo-

cyres and monocytes c,n glass columns

including tissuc culture obscrv;rtions.

Blood 23:811, 196'{.



Septembcr 1972

58. Thomron, .{ !l,R, Bull, J.!1. , and

Robinson, M.A. : A procedure for

separating viable l\'mphocytes form

human blood and some rtudics on

their susceptibility to hypotonic

shocks. Brit. J. Hremat. 12: 431,
1966.

59. Czcrki, P., Szmigiclski, S., rnd Litvin,

J: Simple mcthods for obtaining

purificd suspcnsions of Iymphocytcr.

Vox Sang. I l: 73{, 1966.

60. lVilson. D:B : Anelysis of some vrri-

ablcs arsociated with tho prolifcration

responrc of human llmphoid cells in

cufture, J. Exp. Zool. 162 l6t, 1966.

61. Kupcr, S.w.A., Bignrll, J.R., and

Luckcock, E. D.: A qurntiretive

mothod for istudying turnovcr cells

in blood. Lencet I : 852, t961,

62. Thietfetder, S.: A mcthod for the

reolatiqn of buman lymphocvtes. Vox

Sang, 9: {.i7, 196...

61. Liog, N,R.: Lyrnphocytc stimul.tion,

Nerv York, John Wiley, 1968.

6{; Dicke, K.A., van Hooft, J.I.I!., eod

vrn liekkum, D. \'ir.: The sclective

climination of immunologically com.

petcnt cells from bone rntrow of

lymphatic ccll mixtures. Transpianta.

tion 6: 562, t 96ii.

65. Noble, P.8., curts, :J H., and 0rrroll,
K.K.: licoll float.rion for the sepa-

r.tion of blood leukocyte typcs. Biood

3l: 66, 1968.

t77

66. Boyum, A.: Scparation of leucocvtes

from blood and boac marrow. Scend.

J. Ctin. Lrb. lnvert. (Suppl.) 97:21,
1663.

67. Bach, M.: (Discusrion ). Mcthods in
cell - m.diated immunity, Bloom &
Gladc Eds,, Academic press, pp. 74.

68. Nfatungkaeombar, p.: pcrsonal com-
munication.

69. Valcntino, F.: IVlothods in cc _ rne_

diatcd immunitv, pp. 45 l.
70, Johnson, G. L., rad p.usscll, p.S.:

. R9r.qri9n .of hurg,an lvmphocytcr in
cqiturc to cgmponeots of the mcdiu o.
Neturc 208 : 343, 1965.

71. Coulson, A.S., rnd Chalmcrr, l).G.:
Lack of demonsrrablc Ig 6 in piy.
tohemrgglutinin-!timulrrcd bzman

trrnsformed cclls in serum-frec mF
dium.'lransplant. Bull. 5:5.+;, 1967

72- Bergian, 8., Borjeson, J., Low, 8.,
and Nmdcn, A.: Substiturion cf
phsma in culture medi'rm with dex-

tran. glucosc or albumin lor in virro
studier of lymphocytcs. Scand. J.
Hrcmit. 4: 176, 1967.

?1. Riekc, W.O., and Schwerz, M.R.: Thc
culturc ard krrvotypc of rat lympho-

cytes ttimulated with ph ytohemagglu.

tinio. .{nrr, Rcc. 150: 333, 196+.

7{. Rrbincwirz Y; Dis ussion. In Rickc,

W,O. cd., Leucqcytc Culrure con-

fetetcc, 29, Ncw |r,rl, Appletcn -
Cantury - qrofts, 1967.



t78

75. \Vilson, J.D, and Thomson, A.Il,il. :

Death and division of lytnphocytes'

Llncet 2:1120, 1968.

76. Vrlentine, F. f., and Lrwrencc, lI S':

In ccll-mediated-immhnity, Bloom &

(iladc ' 19

77..{nderscn, V., Hcllung - Larson' P''

and Sorcnrca, S.F : J' Ccll PhYsiol'

i2:149, 1968.

78, Bach, M.: in Hirtocomprtibility Tcs'

ting, 1970. Nlunkgaatd, P' 643'

79. Singhrl, S'K. ' f)aguillard, F', and

Richlcr, M. : Cclb involvcd in the

immuoe rcsPonsc: II. The rcsPonse

of norsrrl rabbit hcmoPoictic and

lymPhoPoietic ccllr to phytohcagglu'

tinin in Yitro. Iat. Arch' Allcrgy 34:

119, 1966.

80, Waitc, W.I., and lJirschhorn' K':

An asrry of lymphocyte blalto8€oelis

bascd on meaEurcmcnt of thc rstc'

of protein synthcsis. In Vitro I{ethod

in Ccll' Mcdiatcd ImmunitY, Bloom,

Glade, P.R,, eds., Acadcmic Press,

t97 t.

81. Leventhal, B., and oppenheim, JJ.:

Effcct of cell denrity on the retc

and degree of rcsponsc of lcucocytc

and purificd lymphocytc cultures. In

Reilc, W. O. cd. Third Annaul

Leucocytc culturc confercnce, \cw

York, ApPlcton-Ccntury-Crofts., 1967.

Vol. 5 No. 3

82, Vllentine, F.T', and Lawrcnce, II.S.:

Role of ccil densitY in tesPonse of

leukocyte cultures to antigcn stimrrla-

tion. Fed. Proc. 2i- | 256, 1963.

83. Jones, A.L.: The offe':t of Poiymor-

phonuclear lcukocytes on thc blastoid

trxngformition of lYmPhocYter in

mixed leucocYte cultures' 'Itans'

plrntation 4t 337, 1966'

8{. Walkcr, R.I., rnd Fowler, I': Granu'

locytc inhibition of humrn pcripheral

lymPhocYte grovtth in vitro' ExP'

Ccll Res. 38: 379' 1965'

85. Hcrsh, E.M., and tlarrir, J'E': Ma-

cropage-lymphocyte interaction in thc

antigen-induced blastogcnic responrc

of human PeriPherxl blood leulocytes

J. Immunol. 100: ll8{, 1968'

86. Oppcnbeim, J' J', Levcnthrl' B'G"

and Ftersh' D M'; The tnnsformation

of colurnn-purified lymphocytes with

non - specific antigenic stimuli J'

Immun. l0l :262' 1968'

87. Mc Farland, Heilman, D'H" and

Moorhcad, J.F': Functional aoatomy

of the lymphocyte in immlroologictl

rcaction in vitro' J' Erp' I\Icd' 124:

857, 1966.

88. Gordon, J,: Role of monocytes io thc

mixed lcukocytc culture rcaction'

Proc. Soc. ExP. Biol' Med' 12?: 30'

1968.



Se ptember 197 2

89. \'olkrnrn, A : ']'he crigin and turn.

otrr tf a,r.n..rucit:r rells in pcr:to'

ncd e\udrles in rats. J. lixP, I\Ied'

12+ t i+|, 19tr6.

90. lloward, J.G., Book, J.L, rnd Chris-

tie. G.H.: i\lacrophage - type cclls in

rhe livcr dcrivcd from thoracic duct-

cells during grrft-versus-host reac-

tions. In Yoffcy, J.M. ed,, Thc Lvm'

phocytc in Immunology and Hcmo'

poicsis, 216, I-ondon, Edwrrd

Arnold. , 1967;

91. Stcwart, C.C., rnd Ingrrm, M.: A

method fot counting Phytohcmagglu-

t inin - stimulatcd lympbocytcs. Illocd

29 : 628, 1967 .

92, Ya,m, L.T., Castoldi. G.L., and trlitus,

W,f,.: Quantitative cvalurlion of phy'

tohcmrgglutinin.stimulrted lymphocl'to

cultures. J. Lab, Clin. Mcd. 70: 699

19 67,

93. Tunig, trI. : Separrtion of a.ncw cyto-

egglutinin of the kidncy bean. Fed.

Proc. 23: 510, 196{.

9{, Barkhan, P., and Ballas, A.: Phlto-

hemagglutinin: Separation of hcmrg-

glutinating and mitogcnic principles.

Nltur€ 200: 141, 1963.

95. Iioldnv, P., and Hirschhorn, K.:
Prope.ties of phytohemaggiutinin.

Nature 201 : 715, 1964.

96. Bcrjcson, J. , Bonveng, R. , et al:
Purification of thc mitosis-stim uiting

179

fsctor from Phaseolus; rulgarie. Bio-

chem. Biophls. Acti, "q?: 158, 1964.

9i. Nordm'rn. C.T., Chrpelle,4.D., and

Grasbeck, R.: The interrelrtions of

ertthroagglutinating, Ieukoagglutinat-

- ing and leukocyte mitogenic activities

of Phaeseolus vulgaris phytoheagglu-

tinins. Acta Med. Scand. Suppl. 412:

49, 1964.

98. Newsomc, J.M.: In vitro production

of rntibody iymphocytcs. . Lrncct 2:

91, t963.

99. Kay, J.E.: Rapid activation of lym-

phocytc8 by phytohcmrgglutinin. ..\-e-

ruac 215: 7 37, 1967.

100. Currie, G.A.: lllfect of Phytohcmrg-

glutinin 
- oo thc eurfacc chargc of

human and murine lymphocytcs, Na-

ture 216 : 694, 1967.

l0l. Fishcr, D.8., and Mucllcr, G.C.: An

early altcrrtion in tbe phoopholipid

mctabolism of lymphocytcr by Phy-

tohemagglutinin. Proc. Nat. Acad. Sci.

60: 1396, 1968.

la2.

10 3.

Doyden, S.V.: CYtoPhitic antibcdY.

In Amos., 8., and lioProwski, H. cds.,

Cell Bound Antibodics, 7- 13. Pbila-

deiphia, Wistar Institutc Prcss, 1963.

Gesncr, B.M.: Cell surfacc sugar as

sitcs of cellular rcsctions: possible

role in physiologic proccsses. Ann.

N.Y. Acad. Sci. I29:758, 1966.



180

l0{- Borborg, H, Yesncr' I' ct al: Thc

effect of N- acctyl - D- grhctosamine

and other augerc on the mitogenic

activiry and attachmcnt of PHA to

,onri1 cett. Blood 3l : 73'7' 1q68'

105. Mazzi, D, Novi' C'' snd Brzzic'

Mitogcnic action of peprin- Laocet

2z 802' 1966'

106. Stoclolqik-Brranska' W': Lympho'

blastoid transformation of lvmPho'

cytca in vilro afier microwave lrra'

diation' Naturc 2l4t 102' 1967'

t07. Turk, t L, Glarl:, P R" and Chcsin'

L.N. : Blest-like trtnsformetion in-

duccd inperipheral blood lymphocvtes

by ccllular iojury: A cocrpariron of

sonicrtion tnd Phytohcmtgglutinin'

Blosd 33; 329 ' 1969'

!08. Block-Shtrcber, N', Hirschborn' K"

and Uhr. J.W : Stimulation of non-

iomunized human lYmPhocYtes bY

rntigcrutibody comPlcxes ln Rieke'

'W.O., cd. Third Anoual lcucocytc

coofcrcnce. 557. Ncw YorL, APPIc'

ton. Century'Crofts, 1967'

109. Borjcson' J', Chcosin' L' N ' and

LandY, M.: Dissociation of leuko -

agglutinrting and transform'tion Pro'

P?rties of phytohcmagglutinin by the

coating of lymphccytcs with Vi poly

grccharidc. Int. Arch' Allcrgy Appl'

Immun. 3l: l8{, 1967'

I l0' Wcisrn-ao, R', Hirschhoro' Rr et al 3

Thc mcchanigm of wideePrcad genc

Vol. 5 No. 3

rctivation of mammalirn cells. Pre-

sented rt the Annual meeting of the

Amer. Soc. Clin, Invest., Athntic

city, 1968.

I11. Hurwitz, D., rnd Hirschhorn, K. :

Spprcsrion of the in vitro lymPho.

cvtcs lesponsc bv chloroquin. New

Eng. J. Med. 273: 23, 1965.

112. Ciak, J. end Hahn, F.E.: Chloroquin:

N{ode of action. Scicnce l5:347, 1966.

ll3. Tormcy, D.C., Irudcnbtrg, H.H., and

Krmin, R.M.: Effect of prcdnisolonc

oo synthesi! of DNA and R),lA by

humrn lymphocytcs in vitro. Nature

213 | 281, 1967 .

1l{. Hirschhorn, K., and Hirschhorn' R :

Rolc cf lysoromc in rhc lYmPhocYte

rcspoosc. Lrncct 2: 1016, 1965.

I 15. Conrad. R. A. : Antoradiognphy of

lcucocytcs cuiturc with tritaited bcrn

extract. \rture 214:.706, 1967

I 16. RicLc, W.O.; Rrdiorutegraphic etudice

on the localizition of phylohcmagglu-

tinin - r25I rnd of thc lYmPhocYtes

which rcspond to it in vitro. Prcaented

beforc thc leukocYte cu]tu'o con'

fereoce, \\:rshington, D'C', 1965'

117. Michrlowski, -A.;, Jasinskr, J 't rl :

Studies on phytohemagglutinin : II'

Ccllular locrlizrtion of Phytohemig'

glutinin in whitc blood cell cultures

with immunohistochcmical mcthods'

Erp' l\{cd. I\{icrobiol' 17 : 197 ' 1965'



Septembrr lg7 2

I18. Pogo, B. G. T. , Allfrcy, B. G. , rnd

Mirrty, A. E. : RNA rynthcir rnd

histonc rcetyl.tion duriog tbc courrc

of gene rctivation in lymphocytcr.

Proc. Ntt, Acad. Sci. 55:805, 1966.

I19. Klcinrmith, L.J., Allfrcy, B.J. end

Miruky, A.E. : Phorphoprotcin mct.-
bolism in isolatcd lymphocyte nuclci.

Proc. Nrt. Acad. Sci,55: ll82, 1966.

120. Killrnder, D,, rnd Riglcr, R,, Jr,:
Initial changet of deoxyribonucleo-

protcin rnd synthceis of mucleic acid

in phytohcmagglutinin-stimulatcd hu_

man leulocytcr in vitro. Exp, Ccll

Rer. 39: 701, 1966.

l2l. Simmons, M.J., Fowlcr, R,, rnd Firz_

gcnld, M.G.; Mcchrnicmr of lym_

phocyte transformation induccd by
phytohemrgglutinia. Nrturc 219:1021

1968.

122. Fiahnan, M., and ,Adlcr, F.L. : Rolc

of mrcrophagc RNA in immune rer_

ponscs. Cold rpring Hrrbor Sym.

Qurnt. Biol. 32:3+3, lg7?.

123. Cooper, H.8., and Rubin, A.D.: Srn-
thcris of non - riboromel RNA by
lymphocytc, I rcrponlc ro phyto-
hemrgglutinin trcrtm.nt- Scicace I 52:
sl6, t966.

12,f. Epstcin, L.8., end Stohlmrn, F.: RNA
rynthcrir in culturcr of normtl human
pcriphcnl blood. Blood Zi.:6g, 196+,

l8l

125. Kry, J.E.: RG.{ rnd prot6in lyath+

eir in lymphocytca incubrtcd with
pbytohemrgglutinin. In Elvca, M,W.

cd., Thc Biological Effcct! of phyto.

hcmrgglutinin. p. 37, Oswootry,

Englrnd.

126. !-orbcs, LJ., and Turncr, K,J.: Syn-

thesis of protcin by humrn lympho-

cyto in viro. l Clinical studic.

Au!t. Ann. Mcd, 14: 304, 1965.

127. Gretvez, M.F., and Roitt, I.M. : Thc

cffcct of phytohcmrgglutinin .nd

othcr lympbocyte mitogena on imrru-

noglobulin rynthcsis by humrn blood

lymphocyto in vitro. Clin: Exp.

Immun. 100 : 363, 1968.

128. Mrndcl, M. A., end Arofrty, R.:

Studia of thorrcic ductlymphocytca

of micc: I. Immunoglobulin syltbctit
in vitro. J. Immun. 100: 363, 1968.

129. B*h, F., tnd Hirschborn. K. : Alphe

Slobulin production by humrn lym-

phocytcc in vilro. Exp. Ccll Rcr. 32:

592, 1963.

130. Ripps, C,S., and Hirschhorn, K.:
Tho production of immuooglobulinr

by pcriphcral blood lymphocyto in

vitro CIin. Erp. Immun. 22377,1967,

l3l. Turncr, K.J., rnd Forbc, I.f,:
Syntherir of protcin by human leuko-

cytca in vitro. IL Choqricrl charsc.

tcrizrtion. l. Immun- 96:.926, 1966.



182

132. Asofsky. R., rnd opPcnhcim' J'J :

t'rotcin Eynthcsis bY humrn leuko-

cytcs tlanrformcd in vitro' J' Reticu-

locndcthcl. Soc, 3: 373' 1966'

133: Schcurlen, P., lnd Gerhardt, P :

Synthesis of gomc sctum Protein! in

lymphocytcs stimulaled by phytohcm-

agglutioin. Neturc 217: 1267' 1968'

134. Balfour, 8.M., CooPer, E H', and

Alpcn, E. K. I MorPhological and

kinctic etudics on rntibody producing

cclls in ret lymph nodee lmmunoio-

gy 8:230, 1965'

135. Coulson, A'S, and Ch'lmers, D (; :

Lack of dcmonstrrblc IgG' in phyto'

hemagglutin-stimulated tnnsformod

cells io a serum-frec medium' 'frgns-

plant. Bull. 5: 5+7' 1967'

136. Huber, H., Winkler, H', et al ; Stu'

dies on Protoin sYnthcais of human

lymphocytes stimulatcd bY PhYto-

hcmagglutin in vitro. In Yoffey' J'

M., cd., The LYmPhocYtc in Immu'

nology and lfuomoPoiesis, P 29, Lon-

don, Edwerd Arnold' 1967'

137. Bond, V'P., Flicdncr, T M'' et al :

Prolifcrative Potentials of bonc mrr'

row rnd blood cclls atudies bY in

vitro uPteke of H3 thymidine' Acte

Heamrt 2l: 1' 1959.

138. Chrn, P.C.' Johnron, LI' ct tl :

Tritiatcd thymidioe incorPorltint ceil'

in the PeriPbcral blood of normal

Vol. 5 No. 3

lpefrcctomizcd rrte. Proc. Soc. Exp.

Biof. Mcd' 25: 614' 1976:

139. Johnsos, I-I., LoBuc, J.' ct al:

Autoradiographic studies of hurnan

lymphocytcr culturcd in vivo. Proc'

Soc. Erp. Biol. Med. 130:675' 1969r

140, Hirrcbhorn, K.: Discussion. In Bloom

B.R., and Gladc, P.R., cdr.' In-Vitro

mcthods in Cell-Mcdiatcd lmmunity,

Academic Press, 1971', P. 80.

l4l. Cooper, ILL', and lubin' A.D.: RNA

motabolism in Iymphocytcs stimulated

by phytohcmrgglutinin, Blood 25:

101L l965.

142. Wintcr, C,G'B., and YoffcY' J'M:
Incorporrtion of 3H - 5 'uridino bY

human periphcral mononuclcar lcuko-

cytcs changing from thc non-multi'

plying to the multiplying statc. Erp'

L'cll Rer. 4l: E4' 1966.

143. Hirschhorn, R.: Discuasion' In Bloom,

8.R., and Glade, P.R:, cdr;' In-Vitro

mcthods in Cctl-Mcdi.tcd Immunity'

Acrdcmic Pror, 1 971.

l4{. Elvcs, M.W., Gough, J', et rl : Eltc-

tron microscopy studicr of lympho-

cytcs: Transformttion under thc in-

f lucncc of pbytohcmagglutinin' Lancct

2,: 3O6, 1964.

145. Chalmers, DG., Coopor, E'H', ct al:

Immunologicrlly gtimulatcd human

pcripheral blood lymphocytes in vitro'

Int. Arch. AttcrgY APPI' Immun' 30:

83, 1966.



.Scptembcr 197 2

'1,16. Prrtct, f.W,, Wrlrsr, H,, rnd Lukcs,

R.f. : Cytoplrmic fibrih in mizcd

lymphocyter. Blood 29: ({rA, rc67.

:147. Johnson, L.I., LoBuc, J., et rl: Auto.
radiographic studieg of thc fete of

phpohcmagglutinin-induccd .. blast "
collc cultured in diffusion chgmbcrs,

In Ricke, W.D. ed., Third Annurl

leucocyto culturc confcrcncc. Ncw

York, Apploton-Century-Crofte, 1967.

1,18. Polgar, P,R., Kilbrict, S., and Fortcr,

J.M. : Reversal of phytohcmagglutinin

-induccd bl$togcncsis in human lym-

phocytc culturcs. Naturc 218 : 596,

1968.

149. Montgomery, J.R;, South , M.A. , ct

al: Viral inhibition of lymphocyte

rclponsc to pbytohemrgglutinin,

Scicncc 157: t068, 1967.

150. Olson, G.B., Dcnt, ct rl: Abnormali.

tiee of in vitro lymphocyto responscs

during rubella virus infectiona J.

Exp. Mcd. 128l. 47, 1968.

1 51, Riddle, P.R , end Bercnbrum, M,C. :

Postopcrrtive edprerrion of thc lym-

phocytc rcsponse to phytohemaggluti-

nin. Lancct l: 7+6, 1967,

152. Richtcr, M,, end Narpitz, C.K. ; The

vrrirtion rcrponre of humaa periphc-

ral lymphocytcr to phytohcmrggluti-

nin in vitro. Int. Arch. Allorgy 32:

288, 1967.

tt3

153, Kining, M., and Spcct, B. : Simplo

micromethod for tclting phytohcm-

rgglutinin rcsponcc of lymphocytcs.

Llncct l: +51, 1972.

154. Gowrns, J.L.: Thc f.te of prrcnt.l
Etrrin smdl lymphocytes in F. hybril
rrt8. Ann. N.Y. Acrd. Sci. 99: 432,

1962.

155. Biact, J.L., and Mlthc, c. : Opticrl

and elcctron microrcopc rtudicc of

thc immunologicrlly compctcnt cclls

during thc reiction of gnft agtinst

thc hoet, Ann, N.y. Acrd. Sci. 99:

+26, 1962.

156. Gowens, J.L.: Immunology of thc

Bmrll lymphocyte. Hospitrl pncrice,

Mrrch, 1998,

157. Andre.Schrartz, S.: The morpholo-

gic rcsponsc of the lymphoid rystom

to homografts: III. Eloctron micro-

scopy study. Blood 2{: tl3, 1964.

158. Turt, J.L., rnd Stonc, S.Hr: Impli-

cstions of the cellular cbengcs in

lymph nodcs during thc dcvelopmcnt

and inhibition of delryed typc hypcr-

scnaitivity. In Amog. Br, and Ko-

prow8ti, H., cds.; Ccll Bound Anti-
bodics, 51, Phihdclphia, Wirtar

Institutc Prcsr, 1963.

159. Gowenr, J.L., and Mc. Grcgor, D,D.:

Tbc immunologicrl rctivitics of lym-

phocytcr. Progr. Allcrgy 9: l, 1965.



lE4

160. dcPctrir, 8,, Krrl.btd, G.' ct rl: Ul-

trotructu. -of cclb prcrcot in lymph

oodcr during thc dpvolopmart of

cont ct |Gr.ititity. Int. Arch. Allcr-

af 292 ll2, 1966,

l6t. Gorrnr, I L., md Uhr' J.W. : Thc

crrirg. of immunologic mcmory by

rrnrll lyophocyter ia the rrt. I. Exp.

Mod. 124: 1017, 1966.

',Vol. 5 Nc 3

162. Milb, l.A. : Thc imnunologic eigai-

, ficrncc of mtlco-induccd lymphocytc

tnnrrormition in vitro. f. Immun-

.97 | 239, 1966.

163. Bubiq, A.D., lLvcmrnn, K., andl

Denmcrhcl, W. : Studicr io chrooic

Jymphecytic huhomir : Furthcr studica

of tho prolifcntirc rbaormrlity of

thc blood lymphocyta. Blood 33:

313, 1969.


	Vol05_03_full version_1_20150301125755
	Vol05_03_full version_2_20150301130727

