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ABSTRACT

<

This in&estigation has shown the guinea pig to be a useful ani=~
. mal model for investigating the immunélogical competency of virus-
infected lymphbcytes0

Variations on positive. in vitro tuberculin purified protein de-

- rivative (PPD) induced responsiveness of Mycobacterium~sensitized leu=-

kocytes from guinea.pigs were recorded, . A maximum net transformation
of 1202% blastoid celis was obtained-with 0.5 pg PPD and a culture
ﬁeriod'of six days, Howevér, no differences were observed in specific-
responses of leukocytes'to 01d Tubgrpulin stimulation as a function of
the culture period. | | | |

'lOptimal'cohéeﬁtrétion of live Newcaétie disease virus (NDV)>
‘needed to iméair épecific.PPD stimulation of ieukocytes without cauging
‘cell death'wés equivalent to'l°28.x.10f¥ hemagglutination units, This
concentration éfflive'NDV»inhibited 97 to 100% of the PPD-induced trans-
formaﬁion of leukocytes, Ultraviolet;irfadiated NDV, in general,
cauégd less inhibition of specific stimulation of leukocytes thaﬁ live
NDV,

Moreover, results indicate that Mycobacterium-sensitized lympho-~-

cytes obtained from recently skin-tested animals were unresponsive to
in vitro stimulation with PPD and phytohemagglutinin. Possible reasons
for this in vitro "anergy" are discussed.

o

vii




INTRODUCTION

The phenomenon of in vitro phytohemagglutinin (PHA) induced
transformation of lymphocytes was first demonstrated by Nowell (1) .in

1960, He showed that peripheral blood leukocytes of human beings cul-

tured with PHA (2), an extract of kidney beans (Phaseolus vulgaris),
underwent marked morphological changes and increased mitotic division,
Later, Hastings et al, (3) demonstrated that the cells being trans-
formed to blastoid cells were small 1ymphocyteso-

The morphological, stéining and biochemical charactéristiés of -
" transformed blastoid cells have been studied by many investigators
(4=14), When a small éeripheral blood lymphocyte is stimulated with a
general mitogen such as PHA, the cell responds by. an increase in cell
Isize, a decréase in nuclear-cytoplésm siée ratio, presence of one o;
more promineﬁt nucleoli in the nucleus, presence of acidophiiic gran~ '
ules, and the development of a well-definedlcytoplasmic membrane (4%7)0
Transformed cells, when stained with Wright or Giemsa stain, demon-=
strate an eccentrically located nucleus with a hetero@hromatic nﬁcleo-
plasm and.a basophilic cytoplasm which may céntaiﬁ azurophilic grénules
and small, well-defined vécuoles‘(4-7)° .Biochemical studies, using
specific radioisotopes, show that PHA stimulation iﬁduces'a markéd‘in-
crease in synthesis ofvcellulér protein3(8)@ ribonucleic acid‘(9,_10)"
-deokyribonucleic acid'(ll), and specific enzymes (12). Such a highly'
active transformed cell is capable Qf'undérgoing seVerél mitoticfdivi=. E

~sioms (1, 13, 14),




The degree of lymphocyte transformation is ascertained by sev-
eral methods, One method is a différential count of the number of
blastoid_célls per 1000 ménonuclear cells of culture (7, 15,716); In
this method, the number of transformed cells is_expressed'as'percent?
age of tranéformation of smallklymphOCytes to blast type cells (16); A
second method is a differential count of mitotic‘figures per 1000 mono;
nuclear cells of culture (17),. A third method is to puléérlabelrthe
culture with radioisotopés such as tritiated thymidine which is incof=
porated into the DNA of the transformed blast éells (18, 19), The.
degree of incorporation of tritiated thymidine is subsequently de-
tected by radioautography (20) or liquid scintillation counting‘pro—
cedures (18, 19).

Peripheral leukocytes of mostAénimals have been subjécted to
PHA stimulation in vitro, Comprehensive evaluation, héwever, hasAbeen’
restricted té peripheral leukocytes of humén beings., Few reportsihavé::
been coﬁcerned with leukocytes of the guinea pig. Pearmain and Lycgtte
- (21) réported blastogenesis of peripheral lymphocytes .of guinéa.pigsb
stimulated With PHA, Aspergren and:Rofsman'(ZZ) and.Zweimaﬁ, Besdiﬁe,'
and Hildreth‘(23) reported‘marked mitétic éqtivity in PHArstimula;ed
cultufeé of guinea pig peripheral blood leukégyteéo' Marshall ;nd
Roberts (24), howe&ef, wére not abie to obtain PHA-induced stimulation
‘of.peripherai'lymphocyfes of guinea pigs.

| 'Positive.results‘were‘also demonstrated by othéf investigators
(25-28)°  Knight et aio (25) showed blastogenesis in cuitureé of 0,5 x'.

lO6 guinea pig periphéral blood lymphocytes stimulated with 0,03 ml of

)




phytohemagglutinin-ﬁel Cultures contained 3 ml of Eaglé's mediﬁm,ﬁith
10% tryptose, penicillin, and streptomycin and ﬁere cultured forr; 24~ 
or 48~hr period. ‘Sabesin (26) shéwed positive PHA sﬁimulation:of guinea
- pig peripheral l&mphocytes when cultured for 72 hours in 4 mi of Miﬁimum
Essential Medium containing 1% glutamine and 20% fetal calf Serum or.
20% rabbit serum, .Oppenheim, Wblstencroft, and Gell (27), using 0.1 ml
of PHA-M per 6 x 106 guiﬁea pig periphe;al leukocytes in 3 ml of NCTG
109 coﬁtaining 40% heat inactivated calf serum, showed blaétoggnesis on
the fifth and seventh day of culture, Oppenheim (28) was also able to
demonstrate positive‘responses in 6-15 x 106 guinea pig éefiphéral leu~-
kocytes stimulated with PHA after 92 hours of culture,
Concomitant with the increased findings of PHA-induced trans-

formation was the diséévery that pe;ipheral IEUkocytesvwould respond
to in vitro ;ﬁimulation with specific antigens with which the individual
had been sensitizéd° However, bléstogenesis occurs more slowly and to.a
lesser extent in specifié antigén—stimulated-culture'thanbin PHA cul-
tures, and the transformation is less affected by changes in conceﬁtranr,
tion of the stimulantrwhen used Within.nontoxic ranges (29).

. Several eafly.papers reported confiicting-results.when éeriph-
eral leukocytes of tuberculin-sensitized guinea pigs were stimulated

with purified protein derivative (PPD) of Mycobacterium tuberculcsis in

vitro., Some attempts to demonstrate tuberculin (22) énd-tuberculin PPD
(25) specific stimulation of cells from these animals were unéucceésfula .
Positive results seem to depend upon improved culture conditions as -

shown in more detailed experimentations by Oppenheim et al, (27) end




Oppenheim (28); These authors obtained positiVe transformation re-
sponses on the fourth to seventh days of culture when using 10 ﬁg per
ml of tuberculin PPD.or 0.1 ml of 1510 dilution of 0ld Tuberculin (OT)>
per 6 x lO6 sensitized guinea pig peripheral blood leukocytes in 3 ml
culture, | |
" In general, stimulation of peripheral blood leukocytes from

healthy human beings demonstrated a significant-to-high degree. of PHA
iand specifig antigen-induced in vitro transformation, fHowéver, leuko=
éytesrfrém patients with suéh diseases aéaHodgkin's disease (5,730),
chronic lymphatic leukemia (6), sarcoidosis (5, 31), ataxia telangiec~--
tasia (32), agammaglobulinemia (9), thymic aplasia (5,.33), uremia
(34), and lymphocytes fféﬁ babies with cpngenital'rubella (169 35, 36)
showed varying degrees of unresponsiveness to such in Xi;£g>stimula-
Ationo Iﬁ addition, these patiénts usually demoﬁstrate vérying degrees
of décreasedAcellular Ammunity as'detérmined by (a) deiayed skin-test
' responses to various cémmon'antigeﬁs, (B)brejeétion ofbskin allég?afts,A
and (c) susceptibiiity to infection (5, 6, 9, 16, 30-34), Impaifea»ig
‘zigggllyﬁphocyte transférmation'has also been n§ted:in€post~operéﬁive-
situations (37) and with the use of chemqthérépeutic drugs which are
'kﬁown to inhibit the'antibody>responsé (38)o |

| Theserbservations prémpted Hersh and Oppenheim (5) to cé;re—
1ate_aspé¢ts of decreased»cgllular-imﬁunity-and'negative:ig XiEiQ_leuf_
kocyté trénsformation, and té suggest tﬁaﬁ a ﬁegative.ig;zigsg rg§§pﬁée

to PHA or 5pecifié-antigen was indicative of an impaired immunolbgiCai

_ competent cell or condition,




’ Olsén et al, (36) showed that rubella virus and Newcastle
disease virus infections of peripheral leukocytes from human beings
would impair the ability of these cells to respond to inm vitro stimu—
lation with general mitogens (PHA and pokeweed mitogenj and specifié
antigens (diphtheria.toxoid and tetanus thoid)o Smithwick and Berko-
vich (39) also revealed that measles virus could inhibit the iﬁ XiEES
PPD-induced transformation of peripheral lymbhocytes ﬁrom mantoux
positive children° Olson et al.(36) suggest that some viruses are

capable of invading and producing a temporary or permanent unresponsive

state in lymphocytes, As such, virus infections could be the cause of

decreased immunologic function in certain disease states, The reason-

ing for such belief is supported by the observations that in certain

virgl diseases such as‘measles (40) and influenza (41) a stéte of
"anergy" to tubefculin has been observed., |

| The purpose of this investigétion was to establish the guinea -
pig as an animal model in order to ascertain the effect of viral infec~
tion.on peripheral blood leukocytes, .Peripheral leukocytes from tuber-
cﬁliﬁ-sehsitized guinea pigs were infected in vitro with Newcaétle
disease virus° The effects of viral infectimnweredetermined‘by.the

ability of the.infected cells to undergo blastogenesis and their abil-

'ity to survive following tuberculin PPD stimulation in vitro,




MATERIALS AND. METHODS

Animals
Outbred albino male and- female guineé bigs of the Rockefeller-

strain, propagated in the Microbiology Department and Weighing.7OQ to -
1000 grams; were ‘employed as donors of peripheral bléad”leukocyteé
_tﬁroughout this study., They were all Hbused iﬁ separate cages in an
environment where temperature (74 FEo F) and relati&e'humidity (50%
+ 5%) were controlled, They were fed Purina guinea pig chow and tap
water supplemented with 0,.3% ascorbic aéidr(Merckrand Compépy, iﬁco,
Rhiﬁo; Iew Jersey) ad libitum° Cabbage was provided dailyo |

~Guinea pigs were sensitized to tubercﬁiin by subcutaneous in-

jection in the back of the neck with heat-killed (100 C foxr Oné hour)

Mycbbacteriu& tuberculosis, H37RV>Strain, suspended»in.paraffin>oil
miﬁéd_with mélted Vaséline (2;2)°  Eéch guiﬁéakpigirecéived 0575.mgjof}
-the dried tube;cle bacilli in_a_totai inocu1um of 1 ml injected into
five sites, 002.ml'per'siteo

Skin tests were performed on'Shaved'sites of the flaﬁks of the’

-t

: guineé pigs by injecting-O;l ml containing ‘1 ug PPD or 1:2500 dilution
of'OT; intracutaneously° The diameter of induration-associated ery- -
.thema'of each dermal reaction was read-andﬂscbred érbifrgrily at 24

hours after skin testing, using.the,following'Schemez




Skin Reaction
‘Diametetr (mm) of

Score Induration-associated
Erythema
- ~ | 5.0
1+ 7 ‘ 5= 7
2+ ' ' - 8-10
3T S 11-13

4t ' . >13

Preparation of Reagents

Phytohemagglutinin (PHA-M, DIFCO Leboretories; Detroit, Michi-
gan, U.S.A., Cont, 532118) was reconstiﬁuted'with 57m1lsaline (O,lSM
. NaCl) and was used in 0,1 ml amount per eelected;cultureo

Tuberculin purified protein derivative (Tuberculin PPD, 'Parke,,
Davis and Company, Detr01t) lot #984248A was reconetltuted with buffered
"diluent and dlluted to varying concentratlons w1th saline (0 ™ NaCl)
It was used as a specific antigen in quantities ranging‘from 0,05 png to
5°O-pg in 0.1 ml volume per eulture°

| 01d Tuberculin (0T, Eli Lilly and Company; indianaéolis, Ind;9
V-802, control 2L P41B) was diluted to 121073 to 1:‘10‘5 with saline and
. ueea in 0.1 ml volume per culture. These amounte correspond to 0.1 mg
to 0,001 mg of the National Iﬁsti;ute.of Health,Reference'etendard for
Of, respectivelyo |
| Newcastle dlsease virus of Roakln stralﬁ (NDV Catq No; V-

.326 ~001-000, prepared by Chas, Pfizer and Company, Inc°9 and obtalned
from Dr° Robert J. Janssen, Unlver51ty of Arlzona) was used in concen~ . .
tration of 1, 28 x 10 -1 to 128 hemagglutlnatlon units per. selected cul-

ffure tubeS’per 0.1 ml volume. The virus stock had been ‘passaged 24

times in the allantoic sac of embryonated chlck eggso




_.The virus stock was preéaréd_accofding td the methodvdf_Heﬁle'
 and Hilleman (43) by injecting Ouz.ﬁl of diluted (1:100) NDV Susbénsion'l
in allantoic fluid!into the allantoic séé“of ll?dayuold embryonatéd-
chicken'eggs° Aftef incubation at 35 to 36 C for 48 hours in a humidi-
 fied atﬁésphere, moribound embryOs were fefrigerated overnight and the
NDV-infected allantoic flﬁidé were remdvéd aseptically, pooled, and
sfored in a Reyco'freézér a£ -65 Co o

.The virus was purified by aim@dified method of Wheelock (44),
Infectéd:allantoic fluid was clarified by centrifugation gt,i&OO,x,g
: for one hour, . Supernatant fluid was centrifugéd at 83,000 to 122,000
. x g for 2% hours in a Beckman Spinco Ultracentrifuge. ’Pellefs were sus- .’
péﬁded in half the original volume of Minimum Essential Medium (MEM,
“Grand Island Biologicai Company; Grand Islana, N. Y,) containing 100
units/ml of penicillin ;fmd 100 pg/ml of streptomycin (Eli Lilly and
Co., Indianapolis, Ind.) andrstqred‘in a Revco freezer at =65 -C in |
appropriaté small volumes, |

The concentration of virus waé determined by the hemagglutin-
ation.érocedure (HA) . defold‘dilutiéns (from 1:10 to 1:2560) of'NDV
'suséensibn were made in l/lSFM phosphgte bufferéd saline (?H.7°2, 0.15M
NaCl) in 0.5 ml amounts; 0.5 ml-of O°5i chickeﬁkérythrdgyteé Wés,édded B
: tobeach'tubeo The_hemagglutinétion péttern‘Was read afterroﬁe hour of
iﬁcubation atvrqom.tempergturéo.-Theﬂsaﬁe Nb? stoék_waé usédtfbr.all :
experimentat?omso. | _

Ult§aviolét-irraaiat¢d”(UVI) NDV ﬁasvébtainea by a ﬁodified:
. meﬁhéd of Oléoﬁ et al. (36)u:-0ne to two ml Qf.gtock virus ﬁas irradi=

J

ated for lOrminutes~ét a distance of 8 inches from an ultraviolet .lamp




-

. 9’-
v 7(2500-2600 K) to destroy all or part of its infectivity, Selecfed con-
Vcéntrétibns of the live aﬁd UVI vifus were used in 0.1 ml volume pef |
selected culture,’ | |
| Anti-NDV serum was pfeéarediby armodifiéd method of‘Wheelock_
and Tamm (45)o Male rabbits, weighing 3=5 kilégrams, were injectedl
‘-twice,_two weeks apart, with UVI-NDV suspension (5 ml pef injec£i0n5
into the marginal eaf veins, _Rabbits were test bled on the 29th day -
after the_first_injecti_ono Hemagglutination inhibition (HI) fitersi
Vof-thé antisera were determined usingr4 HA units of 1iye NDV'in 0,25
© mly Yarying diluﬁions.of heat;inactivated-test.antisérum in 0.25 ml‘l’
~ volumes and 005‘ml of 0.5% chickenberythrOCYtes per testbtube° Phos-
phate buffered saliné (pH.7°2) Qas-used as a diluent, Thirty ml of -
blood was taken four times from each rabbit by eaﬁrvéiﬁ punctﬁre,aﬁi
Ewo-week intervals and stored at -20 C. All antisera héd an HI titer

of 160,

. Procurement of Leukocytes

Pe;iphefal blood leukocytesiwere obtained from tuberculin~ .
.sensitized and norméi guinea'pigs° ‘Heparinized blood samples (10 units
of sodiﬁm heparin? U;SoPo, Rabiﬁ Win#ers Phafmééeuﬁicalé, El Segundog_
Calif,, pef ml of blood) wére»obtained from-guinea pigs by cardiac
puncfure without aneéthesia@ Peripheralrleukocytés were_s;paféteé frém
.the.éfythrOCytes by thé method of Hullinger an'd‘Blazkvec'(46)° Leuko~ .
cytes;Separatéd by this méthoa Were_centrifuged at 225 x g fotILSImin-
~utes. Cell Buttoﬁ was resuépended and_wéshéd twice with Earié's:

-.Balanced.Salt Solution containing 30 units of heparin pe_r”'ml9 100




10
units/ml of penicillin, 100 ug/ml of streptomycin and 2.2 g/l of sodium '
bicarbonate. After the final wash, leukocytes were resuspeneed iu 2 ml -
of Earle's Balanced Salt Solutlon (Earle's BSS), Celivviability’was as; )
sayed by the dye exclusion method (47) using 0.2% trypan'blue stain

(Grand Island Blologlcal Company), as a f1na1 concentratlono Total

'leukocyte counts were done by a standard method (48). Cell suspensions

N

prepared by this procedure containedkabout 60% mononuclear cells, .

Culture Conditions

" Cell concentration was adjusted to 0.8 x 106 viable leukéEYtes

per ml in McCoy 5-A medium (modified) (Grand Island Biological Company,

Cat, No, H-15) containing 100 units/ml of penicillin and 100 ug/ml of
streptomycin, 30 units/ml of heparin, 20% fetal calf Serum (Graud Is-
land Biological Company), and about 1.76 g/l of sodium bicarbbnate

(NaHCO,, J. T. Baker Chemical Company, Phillysburg, N. J.), Cultures

39
containing 3 ﬁl-eaqh were prepared in 125 x 15 mm round-bottomed "Thro-

Away" culture tubes (Bellco Glass-Compeny, Inc., Vineland, N, J.) with

. Morton closures. Selected culturee,receiVed PHA or specific ahtigen

and/or virus preparation in 0.1 ml volume, - Cultures were placed in a

roller drum (72° rotation/min) and iucubated'at>37 C in a 5% CO2 humid=

ified.atmosphere for by 5, 6, or 7 days.

~ Evaluation of Cultures .

Cultures stimulated'With PHA or»specific antigens:and‘theﬁap= f
proprlate control cultures were termlnated at various times between the

fourth and seventh day. Cultures were centrlfuged at 150 x g for 5




11
minutes. Sedimented leukocytes were resuspended and washed twice with
Earle's BSS cdntaining no calcium chloride, After a final wash, cells
Were'resuspénded in about 0.2 ml of Earle's BSS. | |

Cell viability was determined by the dyefexclusiénrprocedure
using trypan blue dye (47)., Single cell preparations_bf smears Wére 

‘brepared in duplicate per culture on two separate microscope slides
and stained with Giemsa,

Responses of peripherai blood 1euko§ytes from tubefcuiin-
sensitized guinea pigs in cultures stimulated with PHA ¢r specific
antigen as compared to nonstimulated cultures.were defermined by a
'differential count of the number .of blastoid cells in 1000 mbnoﬁuclear
cells per smear (7, l5, 16), Macrophages Were.not'included in thé-
mononuclear count, The'number of blastoid cells was.expfesséd'asvthei
percent of transfbrmed blastoid cells in the mononuclear céll popﬁla—

tion (l6>u . ) V !




- RESULTS

Specific responses of peripheral blood leukocytes from Micé—

bacterium-sensitized .guinea pigs to in vitro PPD or OT stimulation were

investigated. Three experimental runs were made using one guinea pig

per experiment. All guinea pigs had an average skin reaction of 2%,
Both skin test antigens provoked similar skin reactions in guinea

pigs employed in this and subsequent experiments, A different count

‘at the start of the experiment showed that 60% of the peripheral blood

leukocytes were mononuclear-type cells and 2% of these mononuclear cells
possessed blast-like characteristics.

Variations in the positive PPD responses of leukocytes from

- sensitized guinea pigs are presented in Table 1, Maximqm PPD-inducéd

net transformation in 2.4 X lO6 peripheral leukocytes was 12.2% 1_402

as shown in Fig. 1. This response represents a 299% increase in trans=

+

formation over the corresponding control transformation of 4.2% X 2.0,

This maximal stimulation was obtained with 0.5 ug PPD and a culture

time of six days.,

The lack of differences in specific reéponses of leukocytes

from sensitized guinea pigs to OT stimulation as a function of culture

period is shown in Table 2, No significant correlation. between con-

centration of OT and transformation was 6Bserved’during the three-day

_culture periods. However, responses observed in cultures containing

12




Table 1. In vitro PPD-lnduced transformation in peripheral blood leukocytes of Mycobacterlum-
sensitized guinea pigs.,

' ' ' Transformation®
Amount of PPD (0.1 ml) Number of (Net Percent)
'Added to 2.4 x 106 Guinea i Fortod (5ons)
Leukocytes Pigsb ‘ ' ulture Ferio ays ‘
' 5 o -6 7
0,05 pg 3 © 6,2%F 2,39 5.2 £ 0.8 5.5 % 1,0
0.5 jig _ 3 6.5 £ 2.4 12.2 £ 2.0 10,6 £ 2,1
5.0 ug 3 5.8. 1 2,5 - 7.1t 0.6 6.9 = 3.1

‘a, Net percent transformation (% transformation in cultures stimulated with PPD minus
% transformation in. corresponding culture without PPD) Transformations in. cultures without
PPD for days 5, 6, and 7 of culture periods were 5. 2% X 2.5, 4.2% * 2.0 and 7. 7% 1. 8, re=-
spectively., :

b. Guinea pigs had-an average dermal reactiou of 2+,

Co Average from three gulnea plgs, one culture per treatment, one cell preparatlon or
smear per culture°

do Standard error.

€1
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PPD Dose Response of Leukocytes From Mycobacterium-sensitized
Guinea Pigs as a Function of Time in Culture.

Graph lines join the mean of net 7% transformations presented
in Table 1.




Table 2, In vitro OT-induced transformation in peripheral blood leukocytes of Mycobacterium-

sensitized guinea pigs.,

. a
Amount of OT (0.1 ml) Number of Transformation
6 . (Net Percent)
Added to 2.4 x 10 Guinea Culture Period (Days)
Leukocytes Pigsb y
5 6 7
0.001 m 3 3.7 1.7 3.1 11,2 3.5
[ ] g L] — L 2 L 2 -— [ ] L] -— 2.6
0.01 mg 3 5.2 % 1.4 5.2 % 2,1 8.6 £ 2.1
0.1 mg 3 8.9 X 4.6 7.6 £ 3.4 7.8 L 3.6

a, b, ¢, and d., Same as Table 1,

61




16
0.0l mg or 0.1 mg of OT per culture were higher than responses observed
in cultures containing 0,001 mg OT per culture., The highest degree of
transformation (8.9% * 4.8) was recorded with 0.1 mg OT at the fifth
day of culture,

Consequently, 0.5 pg PPD per 2.4 x 106 peripheral leukocytes
and a culture period of six days were selected as experimental condi-
tions for subsequent experiments.

Optimal concentration and state of NDV needed to inhibit PPD-
induced leukocyte transformation without causing cell death was in-
vestigated. Guinea pigs used as donors of leukocytes for these exper-
iments had an average skin reaction of 4+, Peripheral leukocytes
used in these cultures were 60% mononuclear cells and less than 2% of
these were recognized as blastoid cells,

Table 3 shows 18.0% blastoid cells in PPD-stimulated cultures
as compared to 10,7% blastoid cells in nonstimulated cultures. This
represents a net increase of 68%., Impairment of transformation of
leukocytes to PPD stimulation was shown to be virus dose dependent.
Live NDV at 1 x 107> dilution (1,28 x 10" " HA units/0.1 ml) induced 97%
inhibition of the transformation of leukocytes while NDV at 1 x 10-2
and lower dilutions caused complete inhibition. In general, UVI-NDV
produced less inhibition of PPD-induced leukocyte transformation than
live NDV. For example, UVI-NDV at 1 x 107> dilution inhibited 32% of

3

PPD-induced leukocyte transformation while live NDV at 1 x 1077 dilu-

tion inhibited 97% of the cellular transformation,




Table 3, Inhibition of PPD-induced
concentration,

transformation of guinea pig leukocytes as a function of NDV

Live NDV Ultraviolet-irradiated-NDV
Additives to 2.4 x 106 Number of Transformation Increase? or Transformation Increase or
Leukocytes (0'1 ol) (Percent) Decrease” of (Percent) Decrease of
y ° Transformation Transformation
(Percent) (Percent)
N PR d+ +
o additive 10,77 1,6 - 10,7 £ 1.6 -
0.5 ug PPD 18.0 £ 2.4 + 68 (hs)® 18,0 * 2.4 + 68 (hs)
Stock NDVE 2.5 X 2.2 < BG 10.4 * 2.3 = BG
-2 ..
b l(s)tocilbln.)v()f 7.8 1.8 < BG 11.4 X 3.4 = BG
-3 ..
Lx 12,:%?&;)\,“ 10.7 * 1.1 = BG N.D. N.D.
0.5 pg PPD + stock NDV 2.1t 1.6 £~100 (hs) 11.3 * 2.3 - 92 (hs)
-1
N +
0.5 pg PPD + 1 x 10 6.2 £ 1.3 <-100 (hs) 12,0 + 1,9 - 82 (hs)

dil, of stock NDV

L1




Table 3.--Continued

-2
0,5 ug PPD + 1 x 10 + - + -
dil. of stock NDV 8 7.1 = 1.0 <-100 (hs) 13.8 £ 2.0 58 (hs)
-3
0.5 pg PPD + 1 x 10 + ) + i
dil. of stock NDV 8 10.9 = 1.5 97 (hs) 15.7 = 2.4 32 (ns)
N.D.- Not done.
BG =~ Background
a. Increase (%) = %_transformation for PPD - % transformation for no additive 100
* ¢ % transformation for no additive *
b. Inhibition (%) = f transformation for PPD - % transformation for PPD + NDV x 100 .

Ce

d.

% transformationfor PPD - 7% transformation for no additive
Guinea pigs had an average dermal reaction of 4+,

Average from eight guinea pigs; one culture per treatment, two cell preparations or

smears per culture.

€.

P value as determined by t-test (49) 0.05 not significant (ns), 0,05-0,02 significant

(s), and 0,02-0,001 highly significant (hs).

f.

Stock NDV had an HA titer of 640 per 0,5 ml,
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Observations on the effect of NDV on survival of peripheral
leukocytes in PPD-stimulated and nonstimulated cultures are presented
in Table 4., Cell viability, at the beginning of the culture period in
these and other experiments was approximately 100%. On the sixth day
of the culture period, cell viability as determined by exclusion of
trypan blue was 36 to 77%., Cell viability was slightly higher in six-
day cultures infected with UVI-NDV than in those infected with live NDV,
Cell cultures containing both PPD and virus demonstrated a synergistic
phenomenon between the antigen and the virus as detected by a reduced
cell viability, )

No significant differences (P> 0.1) were observed in the per-
centage of mononuclear cells (60% * 4) in six days stimulated or non-
stimulated cultures as compared to zero time cultures. However, it
appeared that six-day cultures containing PPD and NDV had a slightly
higher mononuclear cell count than cultures with no additive, NDV or
PPD,

Live NDV at 1 x 10-3 dilution‘was selected as the most desir-
able dilution of virus for subsequent experiments, This éilution of
NDV was selected because it caused a highly significant (P<0,01) in-
hibition of PPD-induced transformation of leukocytes, it did not af=-
fect the viability of leukocytes, and it did not affect the background
transformation of non-PPD stimulated cultures.

Data depicting the inhibition of PPD-induced transformation in
leukocytes from sensitized guinea pigs by NDV are shown in Table 5,

Leukocyte-donor guinea pigs had an average skin reaction of 4+, Net



Table 4,

cultures,

20

Survival of peripheral leukocytes in NDV-infected cell

Cell Viability?
Additives to 2.4 x 10° Number of e ran ity
Guinea (Percent)
Leukocytes (0.1 ml) , -
Pigs Live NDV UVI - NDV
. - b+ +
No additive 8 76,6 £ 3.5 76.6 = 3,5
0.5 ug PPD 8 64,6 1 8.1 64.6 + 8,1
Stock NDV 6 56.3 £ 9,7 73.7 £ 5.7
1 x 1072 dil. of stock NDV 4 68.0 * 8.0 72.8 * 4.6
1 x 10”2 dil. of stock NDV 6 72.6 * 4.4 N.D.
0.5 ug PPD + stock NDV 8 36.6 X 4.6 49,0 1.8
-1
0.5 g PPD + 1 x 10 ~ dil, + +
8 ock NDV 8 47.0 + 5.8 62.0 + 7.5
-2
0.5 ug PPD + 1 x 10 © dil, + +
- tock NDV 8 55.9 £ 8,0 63.0 + 7.0
-3
0.5 ug PPD + 1 x 10 = dil. + +
o tock NDV 8 69.1 ¥ 5.8 68.4 £ 5.3

method.,

N.D, - Not domne,

a., Cell viability was determined by trypan blue dye exclusion

b, Average of cell viability from cultures of eight animals,

!




Table 5. In vitro inhibition of PPD-induced transformation of guinea pig leukocytes by NDV,

6 Numb ¢ Increase? or
Additives to 2.4 x 10 ‘Gm‘.gr ° Transformation Inhibitionb of Cell Viability
Leukocytes (0.1 ml) uinea (Percent) Transformation (Percent)
PigsC
. (Percent)
.. d+ e f+ e
No additive 10 14,3 = 2,2 - 75.3’T 1.9
0.5 pg PPD 10 23.4 * 3.0 + 64 (hs) « 72,3 %4,5
1 x 1072 dil. of stock NDV 10 6.7 £ 0.9 BG 70.3 * 3.1
0.5 ug PPD + 1 x 10-2 dil, 10 5.3 1 1.7 - 100 (hs) 63.9 * 2.5
of stock NDV
1 x 10-3 dil., of stock NDV 6 10.7 * 1.1 = BG 72.6 X 4.4
0.5 ng PPD + 1 x 10-3 dil, 6 10,0 * 1.6 - 100 (hs) 73.8 X 3.4

of stock NDV

a, Same as a, Table 3.
b. Same as b, Table 3,
c. Guinea pigs had an average dermal reaction of 4+,

d. Average from 10 guinea pigs; two cultures per treatment, two cell preparations or smears
per culture,

e, Standard error,
f. Average of cell viability from 20 cultures of 10 animals,
g. Same as e, Table 3,

BG - Background.

1C
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PPD-induced transformation of leukocytes was 9.1%. This is equivalent
to a 64% increase of leukocyte transformation in PPD-stimulated cultures.
Live NDV at 0.1 ml volumes of 1 x 10-3 or 1 x lO-2 dilutions caused ap-
proximately 100% inhibition of PPD-induced transformation of leukocyte
cultures, Cell viability was comparable to control cultures in all
cases except 1in cultures with PPD and the higher concentration of live
NDV,

Variations in responses of guinea pig peripheral leukocytes to
PHA or PPD stimulation after tuberculin sensitization and/or skin test-
ing are shown in Table 6, PHA-induced net transformation of peripheral
leukocytes from four normal guinea pigs was 47% after a 92-hour culture

period (Fig. 2). This response was significantly affected (P<0,01)

following immunization with heat-killed Mycobacterium tuberculosis., At

day 2 through day 14 after immunization, peripheral leukocytes failed
to respond adequately to PHA stimulation in vitro as depicted by de-
creased transformation values of 24.9% T 3.0 and 8.9% % 1.2, respec-
tively. By day 29, peripheral leukocytes had regained their responsive-
ness to PHA stimulation., Skin testing with 0,1 ml volumes containing
either 1 ug PPD or 1:2500 dilution of OT on the 29th day after immuni-
zation caused a significant decrease (P«£0,01) in leukocytes respon-
siveness to PHA as detected in leukocytes obtained on the sixth day
after skin testing (35th day after immunization)., A second skin test
applied on the 57th day after immunization did not have a significant
effect (P>0,05) on PHA-induced transformation of leukocytes obtained

on the sixth day after skin testing.




Table 6. In vitro PPD-induced transformation of guinea pig leukocytes as a function of time post immunization and/or skin

tests.,
6 Transformationa
Additive to 2.4x10 (Percent)
Leukocytes (0.1 ml) c Days Post lmmunization® P
0 2 14 29 35 42 56 63 77 110
e 3
No additives 0,030.0 0.5%0.0 0.4%0,1 1.8%0.4 1.810.4 0.530.1 0.030.0 0.2%0,1 0.2%0.1 0.3%0.0
(zero time)
No additive 10.3143.3 8.6+2.0 10,030.4 12.433.0  21.1%43.7 7.8%0.9  16,130.6  13.6%1.5 15.730.5 12.5+2,0
(PHA control)

Stock PHA 57,737.7  33,5%3.9  18,9+2.0 44.8+3.,3 18,3*1,2 47.716.9  56,0%4.2 59,2¥0.3 47.7+6.2  53.5%4.7
No additive 22,341.5  16,243.8  13.130.8  24,3%1.6  29.0%2.7  28.3%4.3 35,1429  24.332,4  25.639.4  15,5+1.4
(PPD control -

0.5 pg PPD 22,033,1  16.4%3.3  21.0%3,2  33.8%6.3 21.7t1.5 40.8%7.8 37.5%1.7 22.3%2,1 36.6%4,5 21.0%2.1

a, Transformation was determined at the end of 92 hours of culture period for PHA experiments and on the sixth day for
PPD experiments,

b. Each of the four guinea pigs was immunized with 0.1 ml containing 0.75 mg heat-killed H37RV strain of Mycobac-
terium tuberculosis. They were skin tested with 0,1 ml containing 1 pg PPD or 1:2500 dilution of OT on the 29th and 57th day
after immunization,

c. On day zero four normal guinea pigs (not used subsequently) were employed.

d. On day 110 only one guinea pig, mot used before, was employed; skin tested three times; last skin test was applied
three days before leukocyte procurement,

e, Average from four guinea pigs; two cultures per treatment; two cell preparations or smears per culture,

f. Standard error,

14
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Fig. 2. Relationship of Blastogenesis of Guinea Pigs Peripheral Leuko=-
cytes to in vitro PPD and PHA Stimulation After Tuberculin
Sensitization and/or Skin Testing.
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Transformation of leukocytes from tuberculin-sensitized guinea
pigs to PPD stimulotion as a function of time is shown in Fig, 20
Peripheral leokocytes ffom oormal'animals“did not demonstrate any PPD
sensitivity as'detected by;specific aﬁtigen-inducedonet transformation,
Leukocyte responsivenesé, however, increéoed op to a net transformation
of 14.5% as fime after immunization increaéed; This maximum respoﬁse
was obtained between the 29th and 42nd day post immunization., Skin »
testing with 0,1 ml volume containing éither.l‘pg PPD or 1:2500 dilo{
tion of OT significantly reduced the iE'KiEEQ‘_PPD-inducod transforma=
tion of leukocytes procured six days after skin testing,

»A.diffefential count of the peripheral‘ieukocytes'at zero time
of culture showed no signifioant change in the in vivo transformation
" of 1eukocytes'os time oftef immunization increosed or due to skin test~
ing (Table 6), ' Only OOO.to 1.8% of the mononuclear cells were recog=
nized as blastoid céils at the start of each experiment,

Table 6 shoﬁs the degree of lymphocyte transformation in non-
stimulated four-day and six-day‘cultufes as a fuﬁctionAofltime}after
immunization -and/or skin festing° In giizg transformation:in‘the four~
oay cultures (non-PHA stimulated control cuitures) remained at 9 to 16%
blastoid cells throughout the immunization period. The only.excéption
was at the 35£H»day (six days after the fifst_skin testing) when trans-
formation in controlkcoltures»increased to 21,1%.% 3.7,

in contrast, in vitro Ieukocyte transformation iﬁ thé six-day
cultures (non—PPD stimulated cultures) seomed ﬁé incréase during the

first 56 days of the immunization and skin testing period. This is
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evident whenvcompéring the 13 to 16% blastoid cells of the first two
- weeks against the 24 to 35% transfofmation obtained in cultures of |
leukocytes tested between the 29th and 56th da3/;sG Values after the 56th
day slowly-decreased to the’pre#iously recorded valuesvof 15%. Values
for transformation at zero-day of immunization were obtained from four -
different:guinea pigé——not the four animals'usedrin this &mmunizatiéﬁ o
schedule., Values for transformation at the 110th day after immuni;a-
tion were also obtained frqm one.guinéa'pig used in the doée-responée
study of NDV (Table 3). | |

| Two of the guinea pigs used in this time study developed the’
oéen lesion type wounds similar to thosedescribed by Koch (in 51) after
the second skin test was appliédn A correlation of the in vitro re-
sponsiveness of leukocytes from these animals as compared to guinea
pigs without open wounds showed no differences in the degree of blastoiﬂ

transformation either in nonstimulated or PPD-stimulated cell cultures,




DISCUSSION

Cell culture techﬁiques'of peripheral leukocytes froﬁ man and
animals are widely used to investigate the responses of 1ymphocyte§,to
general mitogens and specific antigens, These techniques provide poé;

siblé methods for investigating the immundibgicai status of lymphocyte
donors,

| The present study provides'evidence that specific responses of
peripheral leukocytes from sensitized guinea pigs té PPD,étimulatioﬁ in
vitro are dose- and culture period dependent. Net transformation in
2.4 % lO6 peripheral leukocytes induced by 0.5 ug PPD stimulation in
six-day cultures ranged from 5 to 15%. Comparison of these vélﬁéé with
values of specifi; transformation of leukocytes of guinea pigs_in.the
litérature iéAimpossiblé since the latter values are éxpressed_in terms
of uptake of'radioisotope precursors by the léukocytesoA.HOWevér, spe;
cific PPD responsés in guinea.pig 1euk9cytes reported in this s;udy_aré
comparable with puBliéhed data (2 to 40%) repoftea for‘the spééific‘
stimulation ofileukocytes from human beings in three- to sevenfdgy-oldb
cultures (28).

Net perceﬁt transformation in peripheral 1eukocy£es to'ig 21232 
PPD‘étimulatiOn did not show a positive correlation §ith-§kin teét re=
actionsiof léukocyte donorAguinéa pigs. Leukécytes from guinééfpigs
with a 2+ average skin reaction (Table 1) appearéd to respond bétteﬁ  '
to PPD stimﬁiation than leukoéytes froﬁ guinea pigspwith a 4+ averaggilr'
.'skin reaction (Tables 3 and 5). Cldserrinspection, héwever; shows'that

27
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thé difference in net percent transformation was due only to differ-'
ences observed in transformation in non-PPD stimulatéd cultufes of,léu— 
kocytes, Totai PPD-induced transformation in leukocytes of guinea pigs
sho&ing 2+ skin reaction was 16.4% as compared to 18.0% transformation -
in leukocytes of guinea pigs with a 4+ skin reaction, However, ﬁon—

PPD stimulated leukocytes from guinea pigs depicting a 2+ skin reaction.
had about 4.2% transformation és opﬁosed to 10% transformation in non-- -
PPD stimulated leukoéytes of guineé pigs with a 4+ skin reéction,, It
is interésting to note that these differénces in transformation*&alues
were observed in non-PPD stimulated six-day cultures:and not in. trams~
formation values of zero-time cultures,

The lack of differences in specific responses of leﬁkocyteé to
OT stimulation as a function of culture period is not understood.’ Pér-
haps this may be due to the variable chemical natﬁre of OT as>c§mpared
to tuberculin PPD (50).

This- study indicates that OT is less capable of inducing spe-=
¢ific in vitro transformation of leukocytes from tuberculin;sensitized
© guinea pigs. This correlates with in vivo work Whichishowed'that’l:pg‘ .
APPD and 50 ug OT (1:2500 dilﬁtion) provoked similar skin reaction in
guinea pigs, This differencé is even more apparent in skin testing of
human beings where 1 ug PPD was comparable to 200 ug OT (51)?
| One interpretationlof these data suggests fhat the amount of
vspécific_antigens in 100 ug may be below the threshold ddée‘requifed-.
for in vitro stimulétion of leukocytes. AAsécond'pOSsibiliﬁy ié th;t

the specific antigens in OT may not be able to stimulate cells 15 vitro_:
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as easily as they can in vivo, - Moreover, one must be cognizant of the
fact that the mechanisms involved in in vitro and in vivo preparétions 
of antigens and speéific stimulation of -leukocytes may bg-differeht
aﬁd, as sﬁch, in vivo and ié ziE£9 specific~responseé may not béicom-
parable, | | |

Live NDV at dilutions of 1 x 10° to 1 x 107> have been shown to
cause approximately lOOi inhibition.of PPD-induced transformation,
However, it was only 1 x 10-3 dilution of live NDV that inhibited about
100% of PPD responses without causing cell death, In addition to the
unattenuated NDV,vrubélla and measlesviruses have also been shown to in-
duce unresponsive states in peripheral lymphocytes of human beings fol-
lowing ig_ziézg specific and nonspecific stimuiation (36, 39). ‘It was
suggested that the possible mechanisms of viral inhibition weredue to
1) alteration of'receptor sites at cell membrane surface or 2) altera?L
tion of theiqelluiar metabolic pathways by intracellular virus (16).

Live virus can be inactivated by UV irradiation withbut:chang-
iﬁg cegtain‘biochemical properties (52)° Olson et alo7(36)'havé shown
that UVI-rubella virus did not imhibit 'PH‘A_—J'.'nduced transformation of
human leukocytes as.did the live rubella vi?us, Based partly oq"this
data, they hypothesizéd that viral—indﬁced-unresponéiveness-was_due to ...
a viral infection which gained control of the biochemical events within
a 1Ymphocyte,_ Céntrary,to-thié finding, the present study showed that
UVI;NDV Qas still-capablé of inhibiting PPD—induced traﬁsforﬁation of -
guinea pig leukothes° However, there was some . reduction: in the in-
hibitor& capaciﬁy of UVIeNDV as compérea to live NDV? This promotes .

<
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the question of whethgr or nét infectiqus.virus is required to cause
compléte inhibition ofnleukécyte'specific responses,

There»are'several factors to consider when comparing theldis;
_ crepancy bf data obﬁained from the NDV and rubella expefimentsn One
factor is multipiicity reactivation-(MR).(52, 53, 54)., Rubella virus
is not subject to MR‘followiﬁg uv irradiation (36). VMoreovef, studie;
- of MR.with NDV reveal a'controx}ersyo Bdarry (55), using the same methods
that he developed for infiueﬁza, found no evidénce of MR with NDV Cal~-.
 ifornia 119L4;_ brake (56), however,rdemdnstratéd a small,amount_bf MR .
With L-Kansas 1948 and heat-resistant Beaudette strains-of'NDV-in |
 fresh allantoié fluido.:Reéent work by Kirvaitis and Simon (57) also
demonstrated strong MR Wi;h'Beaudette,sfrain,of NDVIin chick embiyd'
cell cultureso  |

A seéond prsibiiity whiéh>may explain the discrepanéy'bf thé"
data is that an insqfficiént amount.ofrUViirradiation was used, Perf
} haps.thé'predominant_Wavelength of-UV irrédiatiqn or>time of Uv=
_ irrédiation exposure was not optimal fé; maximal inactiVatién:of NDVa

A third_péSéible reason includeé'thérpfésence.of’virus cluﬁpéo
Clumping ;éduces.the.effect'bf uv irradiaﬁion on certéiﬁ virus partii
cles, Clumps alsoiincreaseﬂtﬁe ;hénce of MRras:indi§atéd bf the work
6f Kirvaitis andrsiﬁpn, (57)_whére they showed that clumping of NDV'
~ following UV irradiation iﬁcreaséd;infectivityipy»méré_than.SO—fold; 

| Peripheral ’ieukbc&tes»bfrbmi_noﬁl.lél ‘guinea éigé s't‘irﬁi’ilét?veid’ in’

.xigzéﬁwitthHA:showed about'47% net transformation of small lyﬁﬁho;f«" 

.. cytes to blastoid cells, However, tuberculin sensitization in vivo -
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and the first skin-testing after sensitization caused a'éignificant rée :
_duction in PHArinduced trénsformation of leukocytes, in zigggo"This>'
uﬁrésponsiveness might be attributed to a tuberculin—induced'aiterétion

in the relative numbers of PHA responsive and non-sPHA.reSponsivej-c'ellso

Mycobécterium tuberculosis is composed of various antigenss protéins,
polysaccharides, and iipoproteinpolysaccarides° Oﬁe spééulation is that
each'of these antigens may‘havé sensitized "uncommitted" lymphocytes to
a specific response, thus removing them from the general‘péolo As Such?¥ .
in zigg_étimulation by certain antigens might have a cumulatively ré—
ductive effect on the availability of PHA-responsive leukocytes in the
‘peripheral blood. Unfortunately, it is difficuit to prove the credi- ;
bility of this speculation because specific antigenic stimulation

causes a small in vitro response as compared with PHA stimulation,

Another speculation is that perhapsAheat-killed M, tuberculosis
suspended in vaseline and paraffin oil mixture'(injected"subcutaneously)'
acted as an amyeloidogenic agenf, thus depressing the PHA responsiveness
of leukocytes in vitro. The basis for this concept is obtained from thé
knowledge that complete Freund's adjuvént, injected intraperitoneailji
into mice, induced amyeloidosis and caused a depression of PHA respon-
”siveﬁess of peripheral leukocytes"(58)° Mice_afflicted with amyelbidfx
osis demonstrated lymphopenia, cellular proliferation of the réticulo? :
-endothelial system, and functional deficiencies of ﬁhymus=dependent im=
‘mune system (58), ) |

On two occasions, skin testing of tuberculin—senéitized;éuiﬁggV

pigs with PPD or OT produced a decrease in percentage of PPD-induced
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transformed ieukocytes° One speculation to account for this phenomenon 7
is fhat‘the-skin testing attracted sensitized lymphocytes from a periph-:
efal»blood system to skin’areas and, - as a-result, the blood sample did-
not coﬁtain many'PPD-éensitized lymphocytes, A second speéulatioﬁ is
that the antigen destroyéd the sensitized lymphocytes in vivo. Both of
these possibilities do not seem correct because of the time factér, six -
days, ag,which time the system should have recovéred from the effect 6f
skin testiqg; Furthermore,‘skin testing did not cause an in vivo trans-;
formation of leukocytes sincé the percentage of blastoid cells at zero
timéAOf_culture (six days after skin testing) was less than 2% and was
comparable to the numﬁer of.blastéid'cells found in the peripherél
blood before the skin tests were applieda‘ |

The cause of tﬁis iﬁ.XiEEE "anergy" to a specific antigen is
unknown, 'Péﬁﬁaps a state of tolefance éxists and éhe PPD~sensitized
cells are pxesent Eut‘overloaded'due to the éntigen received_i& vivo
via skin testing and fheVOQS-pg PPD reCéived in XiE£é° _A smallef dose.
of antigen may:have_been_effective° This might bé an explanation for
the greater Blastogenésis in 6-day non-PPD stimulated,cultures obtained
on déy 35 and déy 63, in which transforﬁatién values of 29% and 24%
Weré recorded, Iﬁ thes.e-cases9 addition of 0,5 ug PPD~iﬁhibited~trans-
formation of these leukocytes as indicated by 21.7% and 22.3%, respec-
t;ivelyo |

Such reésohing_indicates that thiS "anergy" ‘may be due to im-
mune paraiysis or immunological unresponsiveness., This ?easdniﬁg

differs from that offered by Sabesin (59) who observed a high degrée
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of transformation in nonstimulated periphegél blood leukocytes from
normal guinea pigs. He reported a 38 to 75% transformation of leuko-
cytes on the fifth day of cultuie éeriod and that the high degree of
.transformation was due to the presence of large mononuclear cells which
Were'morphologicélly indistinguishable from transformed cells, Conse-
quentiy, he stressed the belief'that stimulation and transformation was
due to nonspecific factorsor Thié is‘not'compatible with the data pre-
sented in Table 6, which shows a'decline in non-PPD stimulated trans-
formatioﬁ as a function of time after immunization and skin testing,

This study haslestablished the guinea pig as a useful animal.
model for investigating the expression of immunological competency in
- virus~infected lymphocytes, Moreéver, results bf this study indicate
that_prior in vivo immunizatioﬁ and skin testing do affect in vitro

responsiveness of leukocytes to specific antigens and general mitogens,




SUMMARY

xThe use of guineé pigs as an animal model»to study the effect
of virus-induced untesponsiveness in peripheral blood leukocytes was
established, -

Opfimal conceﬁtration of tuberculin-purified protein deriva-
tive (PPD) and culture period needed to get maximum net transformétion

(12.2%) of leukccytes from Mycobacterium-sensitized guinea pigs were -

Of5 nug and six days, respectively, No differences wefe observed in:
»transfofmatibnfvaluessof 1eukocytes to 0ld Tuberculin stiﬁulatién as
'a functigﬁ of culture pgriodov\
| ‘ _LivelNewcastle‘disease virus (NDV) at an optimal coqtentration
of 1,28 10" % hemagglutination units per 0,1 ml inhibited 97 to 100% of
'-PPD#inQuced b;astogenesis of leukocytes without causing celi death,
Ultraviolet irradiation impaired partially the ability of the'virué.to' 
inhibit specific stiﬁulation of_leukoéygeso

Furtﬁermore, resulté indicate that prior in vivo sensitization
and skin teséing do affect in vitro immunolbgical responsiveness of
leukocytes to specific antigens and general mitogens? Possible explan-
ations for this unresponsiveness ére discussed,

The preSeﬁt.study has. shown the guinea pig to be a useful ani-
_méi ﬁoae1 to étudy iﬁ ordef.to‘éeterminé the immunblogical competenéy

of virus-infected lymphocytes. .
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