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We investigated the growth of P. falciparum 
in 24 tissue culture cells:
 

-


bone marrow from Rhesus monkey, Squirrel monkey and 
baboon; frozen
 

primary Cynomolgus monkey kidney, lung, spleen; primary Rhesus'monkey
 

lung and spleen; primary frozen Rhesus monkey kidney, 
lung and liver;
 

the Vero African Green monkey kidney cell line; primary 
chimpanzee
 

kidney and spleen; frozen primary chimpanzee kidney, lung and spleen;/
 

r
 
line of human kidney; four human embryonic diploid lung 

lines; PPimi
a 

frozen owl monkey spleen; and.primary.human umbilical-vein endothelial-


Neither multiplication nor maturation of P. falciparum was 
observed in
 

any of these cell cultures. However, association of identifiable
 

parasites was observed with the frozen Cynomolgus monkey 
kidney and th
 

human umbilical vein endothelial cells. We were.,unable to repeat the
 

associated in large
original observation of normal merozoites or rins 


numbers with Cynomolgus monkey kidney.cells, but since.'Original -test
 

About l
conditions were not reproduced, additional work is planned. 


of the human endothelial cells contained 
identifiable stages of P.-.1
 

The FRC-3 strain of
falciparum. We plan to pursue this possible lead. 


P. falciparum, recently obtained from Drs. Trager aind' Jensen wvs intro
 

duced into our testing program. It grows to higher paras4itemias in our
 

in vitro Flow Flask culture than does the FVO strain and thereby enables.
 

us to increase the number of parasites in the cell culture inoculum.
 

We studied mouse bone marrow cell culture and mouse Leydig tumor cell
 

culture inoculated with P. berghei by the exact methods of Dr. Speer
 

&iand did not demonstrate maturation nor multiplication of the par:cits 


ehmmma mas
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4.uual. Research Reprt, 

A, General 	 Background 

remains a serious public health problem in tropical-ilaria 


Lfrica and in several areas of Asia, 
Central and South America.
 

Et is estimated that this disease 
causes about 150 million
 

Alinical cases each year and more 
than one million children
 

tunder 14 years of age die (1, 2).
 

d Pfalc 	 parum is 
Df the human malarias, the disease 

caued b 


the most serious, causing high 
fatality rates in endemic-a.areas
 

normal
form of the, disease reduces.thelevelof

and the chronic 

Control measures, thus- fart 
living andv,,workins activities. 

a tropical countries, and we are
have been, eGffective -in only few 

of this illness.,
other approaches to the control 
sorelyin-need of 

Varying
 
Immunization offers hope for the 

control of malaria. 

degrees of..success have been achieved in 
primate models with 

vaccines prepared from erythrocytic 
stages of Plasmodium knowlei. 

Partially successful vaccination of 
rhesus monkeys-has been 

injections of plasmodial antigens
intramuscular
achieved with two 


derived from the erythro'cytic,stages and 
emulsified in.Freunds.
 

After .intravenous challenge with P. knowlesi,
 adjuvant (3, 4, 5). 


increased survival of the'animals and 
a significant decrease in
 

In toto, Dr. Schenkel, (personal
parasitemia 	were observed. 


CommuTAcation, 1
9 7 5) reported that 22 (67%) of 33 vaccinated
 

animals survived, 8 (24%) died, but with 
evidence of protection,o,
 

died without evidence of protectioq.
and 3 (9) 



limaly,itchllan Cohn (6 ~) ave hova that vainio 

s: complete adjuvant protected
ritkh5putif se! neroaztes ,Freud ..


rhesus monkeys against,homnlogous and heteroloSous variant
 

Lnfection with erythrocyticlestages of P. knovlesi. They not
 

)nly demonstrated protection in all 24 immunized monkeys, but
 

uso shoved a merozoite vaccine induced a'Sreater degrieiO
 

?rotection than a schimont vaccine, They also demonstrated that:
 

Rdjuvanted merosoite vaccines protected Rhesus monkeys against
 

1 sporoxoits challenge and formol treated and free-e-dried
 

djuvanted vaccines protected Rhesusagainst an erythr0o'ytic
 

i-tags 'challengewith _knowles.(8, 9).
 

hile the exact nature,of immunity to mal'is"bi't UndeAr"stopd 

Lt is generally believed thiat, hmor~a antiody is-a"prinry 

echanism. :,This Lhas been,.olucidated by,a series of invoeia

tions-;-by, Mill or"..", 4ic;i.(l)ad(2.StudiesD 


by Miller eta.el (10) indicated that ploctive antibody/did noti
 

f fect Lntracellular parasites, but interrupted. invasion of red 

blood" cells by merozoites. 'Afteragglutination with specicfic 

Lmune serum, meroo tes attached to erythrocytes in*vitro, but 

Lisually were unable to invade the cells." The authors speculated 

that the surface coat on the merosoite has unique antigenic 

' erosoite
determinants for induction of functional immunity. 


agglutination was caused by immune aggregation:on the entire
 

surface coat and not preferentially by aggregation at their
 

interior end. Free merosoites in imune serum were seen to
 

invade erythrocytes normally, which perhaps indicated they were
 



not neutraliSei by a 0henism other -then; agglutination. 

Kller ataa postulate agglutination-'of mier@otes t 

is crucial for:
 
mediated by antibody to this surface coats 


reduced invasion of erythrocytes in vitro.
 

Mitchell and Cohen (11, 12) present evidence that in vitro
 

inhibitory antibody probably directed against meromoiteS
 

correlates with the immune status of the donor 
rhesus and 'its
 

action is independent of complement or phagocytic 
cells and
 

if analogous to viral neutralizing antibody
 

-thlt if othersDiggs and Osler (12) interpret' their data and 


strongly sugustinS that protective: antibody exerts 
its
 

asp 


influence on the schisonts and/or merouoites
 

can bemade
the 1iterature.-hasetablishe:that vaccines
Thus 

+hum o~ral eantibody.+Playn imn£Portant
wlih +na4'o teetivhnd 


aProt
role iii ton
 

One of the maLn.problems for the development of a P. falciparum
 

the lack of a source of antigen 	suitable 
for mass
 

,vaccine*iw 


production., A highly significant advance 
toiuard mass production
 

of antigen was made when Drs. Trager and Jensen succeeded 
in
 

the long-term cultivation of P 	 falciparum in vitro in huma
 

a vaccine prepared from pooled
fHoever,
..red bood.cells .(14). 


-red blood,,cmll~esand serum.from thousands of individuals presents.
 



seriou. thadieticol. regardins its safety. 

The risk of contamination with adventitious agents is formidabli 
efg,,epatitI:,-herpes,-Epste4i Barr, adeno and measles viruses., 

bar"8,pui afr 

Exquisitepurif cation of the:malaria antigens from the human 
red'bloodcllserumsubstrate'may'-render !•this-source of antigen 

p actical However, a tiisiue culture cell..with .an' establishod 

reord of saey-in the production of killiad and live virus 

vacine oers.a,promising al ternative •for. malariavaccine, 

The work of Sper and Silverman with the Orythrooyticsetages 

of•-:. berghei i;n mouse !Leydigl tes.ticular :cel cultures,(15) 

and.mouse.bone marrow cell cultures (16), if confirlmed, would.
 
"suppoi!t h contetion iht i posible for P. .barghiai, toit a 

s'~bth .,' n 't ,te!'. ,A-P .ti ,: . .. o,-N .. .. 

mature in .cell cultures. However, we have been unable"to, confirm 

i:'iddiqu's recent ;successful'.immuni iation 'of Aotus ,monkeys with 

an adjuvanted"mixture of :erythrocytic" forms ,of Pe. falciparum (17), 

established th~t his parasite is also vulnerable to a vaccine 

approaich. This work was confirmed -by.Mitchell, et al ,who demoL

strated an adjuvanted P. falciparum vaccine made from merosoites 

obtaineid from the'blood of infected humans protected Owl .monkeys 

against P. falciparum challenge (18). What remains is to find 

' a.'siitablesubstrate for P.falciparum whichwill allow.for the 

production of a safe and effective vaccine in man., 
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3,Statement, 0f, Project, UD]16@CLveS, as stad 1n 'the.Contra'ct ,;
 

The original objective of the Project has not b'eeoh6iodified.
 

,.It,is the development of an in vitro tissue culture method. foz
 

.fthepropagation of the asexual, stages of the malaria parasite
 

in order to provide sufficient antiSen for the proparati!n of
 

.vacInesfor.mass immunization programs. 

C o Continued Relevance of ObJectives 

S.,present, there are no circumstances o "'d " ' 'ressr" 

Iindicate a need for modificatio.n of. the .prFoject objective.. 

D. 	Accomplishments to Date 

Inthe annual report of January ,1977 and the six month 

report of July 1, 1977 wereportedi--Ln aetal,s'nd ii"*l'Apot do 

so in this reports on the .following: 

Attempts were made to propagate Plasmodium berghei, NK,65, in 15
 

tissue culture cell types ncludiag.primaries fromorgans of
 

mice, rabbits and ratst' and mouseand human cell. lines,: one 

,,mediumand .one set, o4f s:tandardcondituone were: used, except.' 

that aodifications of medium and/or cult'urecdonditions ere used, 

"with mouse L .call's (enucleation) and mouse erythroleukemic cells, 

,'(diuethyl sulfoxide differentiated).: Morphologic.evoidence.,ad
 

lack of persistence of infectious P. berghei in cultures beyond
 

..
the -control indicate we were not successful in propagating the
 

parasite in these cells. Three cell types interiorised the
 

parasite efficiently and are likely candidates for further
 

experimental work.
 



PI. brhei inflction in mouse.Leydigteticula tumo cslld
 

was studied by our standard methods. We found Leydig cel1 : 

'(1) effieLently interioiiued P. berghei; (2) showed 'b-nomo 

phologic evidence of maturation*or growth of the parasitein: 

the cels' n infectivity for mice-persist in tissue 

culIture for A,, lonter tiLus, than in call'-ftee contvols;,.. (3) 

lv P,
intet£oriued,,UV killed P. bersheiLas,effiiently as 

__.__h,, at, or+rior poly yrene " beadss.BL*;,.and. nte d ' + +
 
.. (...efficiently in so 


The Pi. berghei inoculum for tissue cultutes was modified,-by:
 

and _(2)
(1)remov~ng white blood cells on cellulose columns; 

decreasing the number of uninfected red blood :cells and increas

ing, the proportLon of schLzont infected red bloodce'lls by 

,Fad ant'fractionat Lon. 

Pincki. haubaudi was found not"'to bee- s.atifactorY source 

tissue culture inoculum.Yof
Asynchronixed parasites .as 

We investigated 'the atlicbbI ity-of then Trlage-YnsiU.technology 

of cultivation'of P. falcipal in human red b o d do to the 

ells ithout success.growth of P.' ber hei in mouse red blood 


einvesptiated the ability of Lesdig mouse testicular tumor
 

celia tt o support :the growth of+P. berghei usLing 
the exact methods 

Dr. :Speer. We did not observenormal P. berghei within the'. 

LeydSicells,.Under these conditLons, the cells.,were able to 

lot killed paraLitesand polystyrene beads.. 

Dr. Sp:er reported Leydigceills did,not inerorise these beads 



killdparasite We alsostudied u bo 

Dr. Sper',s methodology and did not'observe normal parasites 

in,these cells nor were ,cultures infective for mice.at intervals 

,in.which parasite control cultures were infective. Bone marrow:
 

cells interioriSed polystyrene beads and UV irradiated P. berghei,
 

On 1/21/77, we acquired P. falciparum'from.Dr.. Tragerand Jensen
 
andhae maintained the culture continuously; in human AB red,
 

blood cells in petr plates ' in cand-le Jars and nacontinuous 

feedingA FlaFls System. 

efound the Flowlakffordsie method'for long term 

evaluation of tissue cultures in a a iCouplex system in 

which merosoi te are.contin uouasly reeaes from-infected- re 

blood cells, 'while the tissue cultura cel'ls' ontinue'to"multiply 

4and the percAnt. parasitemia I the red blood cells increases. 

Nine 'cell cultureswere eValuated .for their 'ability to' propagate
 

.alciparum., ,Thase included MRC-5 and WI-38 (human diploid
 

lung, strains); ;Rhesus monkey: kidney, ,liver and lung; Cynomolgus 

Monkey kidney, spleen and lung and the Vero (African Green mnkey 

kidney) cell line. Normal appearing parasites were •associated
 
with .certainclone of Cynomolgus kidney cells. The nature of
 

the'cell-pa asate association was uncertain and "therewas :no
 

evidence of maturation -of the associated'par'aSi es. One to two 

percent oe ro cells became associated with abn ra- i u
 

'parasites.-' Two ohrcel typ'aes interiorisez''d, the -Oar asitt but 



only form were seen. :degadedPaasites did. not become 

pacsiated ith the human diploid celi strains , tThp .. ma ning 
tir4ee type' of;Cells, did not interiorise parasites. 

P..falciparum vas"infectiv, for an Aotus trivirgatus monkey 

af 	 ' i tAwas in red blood cell culture for 509 -dayi. 

The items investigated from July 1, 1977 to Deember-3",,1977 

involved the follo1wing:,, 

I. 	P.. falciparum (IVO) Inoculated Macaca macaque (Rheaus)
 

Bone Harrow Tissue Culture Cells
 

I 	 ... O Squirrel 'nocMilatedonkey. (Saimiri 
Bone Mceuraus)Harrow Tissue Culture-Celsa
 

1;.., 	.-falciparum I(V0).Inoculated Papio sp (Baboon) Bone
 

.Marrow.,Tissue Culture Cells
 

-faliparum 

onkeiy Kidney, Lung and Spleenw and Human Dploid Lung (MRC-5 
Tisue Culture Clls 

P. 	 IV. (FVO) In6culatdA Primafry Frosezn- CrpnomoJu.. 

V. 	 P. falciparum (FVO), Inoculated Chimpanzee Kidney and Spleen 

.And Rhesus Lung-and Spleen Tissue Culture Cells 

J . falciparum(VO) Inoculated Chimpansee" Kidney. Lung,, 

.Spleenl and'_HumanKidney (TCL-598) Tifsue Culture:CellMs 



Vein
1. 	 aleiparu (RC- noculated, Human UubilioalVIz 


SndothelLal, 'RumnEmbryonLc Lung Diploid (HIL-20S) and
 

Aotus trivirgatus Spleen Tissue Culture Cells
 

VII. 	P. falciparum (FVO) Inoculated Aotus trivirgatus Spleen.
 

and Human Embryonic Lung Strains IL 208 and 191 Tiss"u
 

Culture Cells
 

D. 	Accomplishments July 1, 1977 to December 31, 1977
 

1, P, falciparum (FVO) Inoculated Macaca macaque (Rhesus)
 

Bone Narrow Cells
 

Methods
 

Cells: The bone marrow cells,were obtained by aspiration
 

of the bone marrow from the femur of an intact adult-femalt
 

Rhesus monkey, The cells were harvested into HEM contining..
 

2% fetal calf serum. The bone Marrow apirate contained'
 

many red blood cells. The number of: red'; blod"cells in
 

the aspirate was reduced by harvesting the top 2 ml of the
 

10 ml bone marrow aspirate after an 800xG centrifugation,.*.
 

lew nucleated bone marrow cells were lost by this,:procedure
 

and the cultured suspension nov contained,more ucleated
 

bone marrow cells than red blood cell.
 

Cell Cultu'r: The-experiment was conducted in four-chambered.
 

plastic petri dishes (quad plates)'. Each quad contained
 

six to eight coverlips stuck to the surface of the plate
 

with silicone grease. Adherent cells were cultured on these
 

coveralips, Each quad was inoculated with 9x106 nucleated
 



i12

bone marrow cells suspended in 3 al of tissue culture
 

medium 0-2 (see Appendix H in the July lo 1977 leport)
 

supplemented with 30% fetal calf serum* The quad plates
 

were incubated overnight at 370 C in an ambience of 5%
 

c02, 95% air.
 

pfalc'iparum (IFVO) Inoculation .'
 

The*next day (day 0) the non-adherent 'cellswer4 harvested
 

from the quads and the harvest divided into eight equal
 

alLquots, Each aliquot was*mixedv*ith': P. falciparum
 

infected human ted blood cel ifrom in Vitro culture.
 

-ech aliquot was, centrifuged at 1O00"rpm for 10 minutes, 

thi-supernatant discarded :and the Cell'pellets resuspended
 

in 2 ml of media as described in-'Table 1. Each aliquot
 

was inoculated into a quad which contained'adherent cells. 

on @overalips.l'- Each- isiquot. onutoa~.e 12 hmn d%blood4 

cealls*with a!parasi'temof .2 

Sampling and Staining: Two coverslips were pulled" from each
 

quad on the days recorded in Table I and stained with 
may

Grunwald-Giensa or Lepehne-Giemsa (see Appendix I of the
 

July 1, 1977 Report). The May-Grunwald-Giemsa stained
 

preparations were used to determine cell morphology and
 

the interaction of the adherent cells with the red blood
 

cells and P. fal'ciparum, The Lepehne stained coverslips
 

r..'
were used to determine if the adherent cells contained
 

hemoglobin.
 



The non-adherent cells were harvested in toto with the.red
 

blood cells in each quad on each day. The total nucleated
 

bone marrow cells were determined on an aliquot of the.
 

culture by hemocytometer count after lysis of the red
 

blood cells with 2% acetic acid. The culture was ce'ntri

fuged at 1000 rpm for 10 minutes. The supernatant was
 

discarded. Ten pl of fetal calf serum was added to the,
 

pellet and three smears were made. About one pl of cell
 

Thus, each day
suspension was used to make each smear, 


about 20% of the suspended cells were used to make smears.
 

The smears were stained with May-Grunwald-GLemia for
 

detection and evaluation of nucleated bone marrow cells
 

and their association with parasites and for determination
 

'
 
of parasitemia and with Lepehne stainfor detectUion of
 

hamoglobin-containing nucleated cells (See AppendixI in
 

the July 1, 1977 Repor-t for.stainLngmethods).
 

Results
 

PO falciparum association with nucleate one marrow:cells
 

.
 
Adherent cells: Hay-Grunwald-Giemsa stain: Fibroblast
 

type cells predominated in these cultures, especiallyfrom
 

The fbro
two days after inoculation with 

P. falciparum. 


blasts were not associated with parasites nor red blood
 

cells during the six days after inoculation- ith P. falciparum.
 



Largeamononuclear cells were present on the coverslip.gi-in
 

about equal nMubers as the fibroblasts for the first 2 

days after inoculation with P. falciparuu, but after day 2
 

mononuclear cells formed 3 to 20% of the bone marrow cell
 

culXture populationi-. These cells were highly phagocytic
 

and: contained increasing Iamounts of hemsoin, debris and'.
 

deaeneratnsged.blood.cells. In no,.instance .were intact
 

ore(,.ven de,.gendo
erat -,parsites observed ,in the@ e-,phsagoytea"
 

_Adherent cells: Lepehne-Giemsa Stain:. No .hemoglobin
 

containing adherent cells were seen.
 

Non-adherent cells: may-Grunwald Giemsa 4Stain: :intact
 

parasites were not-observed in non-adherent nucleated'bone
 

marrow cells. About 50 of these cells were phagocyti,.
 

as evidenceid by accumulation in the ceils of 'hemooin
 

and debris., Only-in a few Instances were degenerate parasites
 

observed,, The parasites did not mature in these celals.
 

Non'Adherent cells: Lepehne-Giemsa.Stain; '.he area on
 

each'slide thtcontained aboutA10, realo el a 
... 'ontal~ns(Li?. por
 

examined for hemoglobLn-containing (Lepehne postve)':
 

.,ucae isthe, day 'the
ondOay,0,wi 


culture were inoculated.,with-P.-. falciparum, and ,-days 1,
 

i2',.3:and.5, A.lsojthe..,bone marrow cell suspension that
 

vas.inoculated.inco.the,quad plates,on-day 0 was ezamined
 

,and,found-to oon.aSjn 10 Lopehne positive nucleated cells.
 



ew hemoglobin positive nucleated cells were seen'during:
 

the test (2 to 10) and their incidence followed no;pattern
 

relative to medium or time.
 

Parasitemia: The tabulation of developing parasitemia.
 

;::in these cultures primarily,,reflects medium"effect's
 

(Table 1), The only medium which maintained the "rsteI
 

a r supported normalmultiplicationwas
 

GM- M..MI-1640 cont...in. l0. humn AB serum)
 

in .ood condition 'ind


Medium effeacts on,.tisaut'culture cells, 

Total cell counts (Table 1) indicated the non-adherent,
 

whLteblood cell count declined during the experiment and
 

none of the medium prevented this decline. Adherent cells.
 

multiplied in All media,-but the phagocytic types were.
 

lost'from the cultures as the test proceeded-and as they i
 
I. 

phagacytiued greater amounts of'material from the'culture.
 

As this occurred, fibroblasts took over as .. redominating
the ...


cellis on the :coverslips.
 

Discussion
 

An experiment preliminary to-this one to culture Rhesus
 

monkey bone marrow cells in these.media indicated no medium
 

was significantly better than another, Becaue attempts.

by us to grow P, berghei in cultured bone marrow cells were
 

not successful .we decided to attempt the-cultivation ofV'
 

P. falciparum in both adherent and non-adherent bone narrow
 

http:cont...in


celi culcured iLna Latj of medium chosen (1) to enhance 

the growth of the parasite: lured blood cells (RPMI-1640 

containing 0% humuan-aruu)3 (2) hedLum that are frequently 
used,:o'culture bone marrov cell a(eig.
MIM containing
 

30 fe1tal calf serum), (3), 'inmedium containing serum
 

that was.heterologous-to the host cells (fetal calf serum
 

and human serum),and,' (4) medium containing serum hemologous,'
 

to the host cells (Rhes s monkey serum).
 

None of -these combLnation :allowed the parasite to.de iop
 

or be preserved normally in the Rhesus monkey bone marrow,
 

cells..
 

Aotus bone'marrow cell. may have been,a better'thdorectios
 

choLce than 'Rhesus monkey bone mrrow 'cells.Lfor this
 

experimento but cah r Aotus: monkeys
 

this was not attempted'
 



Table 1 

:Total Nucleated :Rhesus Monkey Bone Marrow Tissue.
 
CelICulture aPrtasitemia.
Counts and Prcen 

Days After, TC Cells
 
P. falciparum Per Quad Percent Condition of 

Medium Inoculation, (x0-6) Parasitemia,,,,, Parasite 

GM-5 (Appendix 2 .4.2 0.2 Fair
 
NT* 0.4 FairH, July 1, 19773 

Report) 4 2.6 1.2. Good 
r6 2.2 1.3 Good 

RPMI.-1640 2 4.0 Fair 
NTi, 0.2 Pair,2. human serum 

+ 28% fetal ;4'3.2 0 3 Fair' 
2.2 0.2 Faircalf serum 6 

'60.2 Fair x,z+ 10% 2 

human serum 3," NT 0.2 Fair:
 

4 :24_ 0.oor 
6 1.4 0.1 Poor 

K1M + 2% human 2 5.2 0 2 Fair 
0.3 Fair
serum + 28% fetal , NT 


4 128 0.5 Good
calf serum 

17 0.3 -Fair 

6 4.2 0.4 FairRPMI 1640 + "2 
laFai

10% Rhesus -3.': 

monkey serum** 4 3.8 .5 Fair
 

6 2.2 0.5 Fair: 

T.M1M+ 30%, 2 3,8 -

NT P0.3 r.fetal calf serumS4 + d+++0 Fair
3. +0.'4 

6 1.9 0.11 Poor, 

5.0 0.2 Fair.RPNI-1640 + 2 
3' NT: 0.2 Fair307 fetal calf 
4 34 0 5 Fair
serum 

6 .. 0.3 Fir 

3.4 0.2 Fair,RPHI-1640 + 2 
NT 0.5 Fair27. Rhesus monkey3 

0.5 Fairseruu** auid 28% 4 2.8 
6 +S 0.3 Fair+fetal calf serum 


*NT: Not Tested
 

adsorbed with a 50% suspension of human
**The Rhesus monkey serum was 
AD red blood cells before it was added to the medium. This adsorption': 
removed human AD red blood cell agglutinin@ in 

the Rhesus serum. 
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16's
-

falciparum '0) inoculated'Squirrel M ' aii
 

sceureus) Bone Marrow Tissue Culture Cells
 

.Method
 

,Cells: Two intact femurs of ,720 gram adult male squirrel
 

monkey verA received from Dr. McClure of the Yerkes Regional
 

tPrimate Research Center,, Emory University, Atlanta, GA.
 

The bone marrow cells from one femur were washed out of
 

the shaft of the femur with kEM4 that contained 2% fetal
 
af scellswere 'ased once.by -centrtfugation.'
 

i ,fat 

contained 3 fetal calf serum. -Atrypanblue'xclusion 

viable count of the nucleated cells Indicated the yield 

was 4,5 x 108 Viable bone-marrow cells plus 5.4 z107,dead 

-'eelIs. ,The total cell' count of'thebone marrow'coll
 
-upensdninvhich t rei dd 


at 1000 rpmx.10"minutes and resuspendedeM in 


L ,, d els-were lysed with 

aceti racid indicated thebonemb rrow suspenson con
a. p .2% 

tained4.1 z 168 cellI a' 

Celli Culture: Quads in p.lastic divided petri dishes that 


,contained coverslips stuck to the bottom of the quads with
 

.silicone grease were inoculated with, three il of cell 

suspension that contained x910., cellsper quad.. The 

Squad 'plateswere incubated,at 370C i'n a flowing gas miture 

o -5 ar.'f 5% C02 af 

.The next day the suspended cells (non-adherent cells) were
 

harvested from two quads, packed by centrifugation and
 

resuspended in RPMI-1640 tissue culture medium that contained,
 

,.28% fetal calf serum and 2% human AB serum.
 

'•:
 



__-i.ifa'lLciparum__uspeusioft InoculatLion: The bone 'marrov ll 

#as mixed with P.' falciparum 'from an-invitro- cl ture 

ul of
(12.5% red blood call final concentration) and 2 

t" suspension inoculated into .two quads that contained 

6.6 kxiO6 viable callsiOv'erslips. Each quad received 

(trypan blue exclusion-te'st) or 8.2 x-106 total white 

)lood calls. 

Noe tempty quads,were inoculated with ,2.5..ul of 12 5%'
 

Lnfected redbloQod cell suspension., These paras~te control 

uadsd1"not-contain tissueculture calls. 

hequaid-plates ere incubated at 370C in a canle Jar.
 

lamplin and Stainin.: Adherent Cells: 'Two coveralips 

rere pulled' from. the quads n days 0, 1, 4, 5. 6,and 

ifter0 inoculaton thP. falciparum and stained rith May

of the;runwald-Giemsa or Lepehne-Giemsa (see AppendixI: 


July, 1977 Report) for determination of parasite:associatIOn'!
 

wth the cells, cell morphology and condition and to deter-

" 
mine If adherent ceils were hemoglobin p itie
 

BanPling and Staining: Non-Adherent Cells:; On.days after
 

inoculation, 0, 1.3 4, 5.6 and 7, the non-adherent tissue:, 

culture and red blood cells were resuspanded, centrifuged, 

the supernatant discarded, the cell Ipellet resuspended in
 

The smears
the residual medium and three thin smears made. 


were stained with Hay-Grunwald-Giems'a for determination
 

of parasite association with the nucleated bone mrrow cells
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and'-to determine cell morphology and condition; Giemna
 

stain for determination of percent paraeLteia; aud
 

Lepehne-Giousa to'determLne the presence of hemoglobin
 

positive nucleated rod blood cells (See"Appendix l of-,',
 

theJuly 1, 1977 Report for staining methods),
 

T~ remainder ,o f the ucellspension: was resuspnded in 

5-ml , of "miedium. divided between the two quad. and incubatd-

Sthe .candl -jai.., 

il iiiti 

P..falciparum association.wLth, tissue...culture cells 

Adherent cells: May-Grunwald-Giemsa Stain: From the, 

day after inoculation of the tissue cultures (day:0) through
 

da, 4y.6t,two types of adherent cells-were seen, a rounded, 

highly phagocytic celli which predominated and a fibroblast 

typecel lwhich reac ad,significant numbers., by day 5 
:(15-20% othenucleared bone urrov cells) and. never was 

,Associtedith redjblood..cell parasites nor ,.hemqoin. By 

,day,7, the tiussa culture.,cells 'were dsg.nerate.and presen 

in- tqOo low numbos for.,.evalui0on. 

'dblo'od cells "?osettod" on -the phagocytic nucleated 

bone marrow cells and •were interiorised. Parasites could. 

nt be i.dentiid withinany nucleated bone marrow cell' 

-throughou.t.the test ' period. 



Mon-Adherent Cells:: May-Grunvald-Giemea.Stain: Through
 

day 6 after inoculation with P. falciparum 200 to,500
 

nucleated cells were examined. On day 7, there were too
 

few tissue culture cells available in the culture, Large
 

mononuclear phagocytic cells, non-phagocytic round mno-.
 

clear cells, ontainnhemoobin 

(normobblats "and megiloblastsm'see Lehnie.staining 

results) were observed.. Tnfrequently- :hez phasocytic 

•cells 	were seen, to contain degenerative parasites, but
 
never contained norml parasites.' The otheT nucleated
 

cell' neverrc onta nea oparasite.i 

Adherent cells: Lepehne-Giemsa Stained: Nucleated adherent
 

cells did not contain hemoglobin during the observation
 

period.
 

Prior inoculation
Non adhereit ells: "Lepehne Giemma Stain: 	 nto 

'viththe infected redbloodcells, he bone, arro suspension 

'cOitained 3n-'sucleated-hemoglobin-poe,£tive: cells,:(normobIaets/
 

mnegaloblast) of 'thek' total red: blbbd cells. The'-day after 

ted:blood2 cells,
inoculation with'P.-:; falciparum infeced L 


the tissue cultute ,contained l.5l nucleated'hemoglobin
 

,positive cells. Through day 7 after ,inoculation'.this
 

pe:centage ranged between 2.,,and 3.9 of the total.,cells 

(red blood cells and white bl4ood.cells).'

.V' J" 



Parasitemia: The data presented in Table 2 indicate 

parasite viabilityIwas shorted in these cultures 
The!,G-2,medium- containing,.fetal caf erum was chosen 

for-Optimum m inteance of. the bbone marrowvcells and 

was obviously deficient for maistenance of the,pa'siteb 

infection in the red blood cellse,. Hovever-O there'was 

sufficient infective parasites in the tissue,culture during 

the firt, four days of th ex eriment to assure adequate 

exposure of the nucleated cells to infective parasites,
 

Nucleated bone -marrow cell maintenance:?rThe data'I or
 

the total non-adherent nucleated bone marrow 'cell 'counts
 

durinp :the test are presented in table 3. Althou'gh a
 

gradual decline in total cell count occurred, there were
 

suf-ficient tissue culture cells for adequate evsluation
 

throughout the test and these cells were seen to beI:in,,
 

good :condition in the May-Grunwald-Giemsa stained smears
 

throughout the test period.
 

DiicusioniO'. reliminaiy,,experimnts with Rhesus monkey
 

bone iarrow.tissue culture cells indicated,,RPHI1640 that.
 

contained 2% human .serum and:,28%,: fetal,!cal f sterum maintaitned
 

the adherent And non-adherent bone marrow.•tissue -culture,
 

cells and maintained the parasite. fairly-!well, When used
 

in.rthis squirrel monkey; bone marrow tissue culture experiment,
 

tissuecultureell maintenance wasgood, but a hemolytic
 



effci:by the fotal calf serum"lot cauised a de iae4' 'in 

Ved. blood cells- during t.he test .~.parasies lopokeid. normal! 
were

four.daysofthe; est : antheefore 
uring the- fir 


considered: capable, of, normal.infe-tion gnd.Vrowthin the.

tiIsuis,culture cells i potenttially abla ; io do-.so. ; • 

The tissue cultures contained hemoglobin positive. 

erythroblasts (normoblasts and megaloblasts), probably,
 

erythrocyte stem cells (deduced from the fact that nucleated
 

red blood cells were present. throughout the test), non

phagocytic cells and phagocytic cells presumably of the
 

The squirrel monkey was shovn to be susceptible to P. 

falciparUm [Young,, .D. et al Experimentallparasitology 

38:. 136=152 (1975)]. Therefore, these cultured erythroid 

,bone arrow cells have a reasonable expectancy of 

susceptibi-ltyto infectioi. P. falIparum infetion of
 

cultured squirrel monkey bone marrow cells didInot occur. 

,Wehad earlier observed this inmouse bone marrow cell 

the almos tcultures inoculatedwith P. berghe:.Even 

i'mature., normoblast which we1,.have; seen infeted with PO 

-ifale iparum , in- terminal ,iAotus tr iv irgatu8sI infections was. 

,.wasnot.,seem to be~infectedinlthepe0uirre .monkey "bone 

"arrow cellxculturesi 

Svouldbeof initerest:to study -A. trivirgatus bone marrow 

cultures inoculated with 'an A. trivirgatus adapted strain,, 

,ofP. falciparum, 



Red !BloodC.ll Paraetemia in-Spider Monkey (Saimirl
 
ucurus on&alarrov elilACut!.1ua lts~ 

% Paraitemia on Days After Inoculation
 

-Culture 1 3 4 5 6 7 

Tissue Culture Lr5 1.4 1.6 0 '0 0 

Param'ite Control L.. 3.0 0.2 0 0 0 

*Inoculum contained 1,2% parasitemia.
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Table 3 

Total Nucleated squirrel Monkey Bone Narrow,
 

Tissue Culture Cell Counts
 

Days Afte: inoculation Total . 
vbc per quad
..
with P. falLaru 


8.2,: 1060 
8.2'/x'i 106

3 

4 2,,Ox iO 

x 10672.0 
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IiiaP. fcparm (FO)InocultdPpoB; (aon 
lone Marrow Cells 

method 

.Calls: A femur was sent to us by Dr, McClure of York*. 

Regional Primate Center3 Emory University5 Atlanta, GA, 

.The.,cells-ere obtained by flushing out the bone marrow 

from the shaft.of the femur with. ME that conta ned.21 

f~etal c serum. Twenty-six 106'viable and 40.7 x:10 

total _'nucleated- cell were1harvested, 

Cell cu-urec Tle bone malro cells were centrifuged at
 

the pelleted Cel6;.4 euspended.1000,rpmi f'or 10* minutes and 

in GM45 tissue culture medium (seeAppendix H 6 f the 

July 1977Report). Three quads of a.four-chambered 

plastic petri dish were_ inoculated with 9 W1 nucleated 

ils in 2-ml,per,quad. one,,,.quad, contained,bone marrow 

cells'8nd.was inoculated ' with P. falciparum; one,quad was

inoculated only with bone marrow cells (tissue culture 

control), One quad was inoculated with bone marrow ceel.

,-and normal, ,. uninfected, red blood cells (a b mO'6r..marrow 

croscopi co~ntrol) and 'one uad was 'i uilt e.,: only with,.' 

P. faicl arui (parasite-control). 

Pe falciparum (FVO) Inoculation: The test quad (contained
 

bone marrow cells) and the parasite control quad was
 

inoculated with in vitro-grown P. falciparum in a final
 

concentration of 12.5% red blood cell suspension containi.g
 

0.9% parasitemia.
 

http:shaft.of


.869lLig,and 8taning: The uspended cells in each quad'
 

6,7, 8 and 9 and centrL.
were harvested on days-1, 2,.5 


fuged at 850 x G Lot 10 minutes. The supernatant was
 

discarded and the cell pellet'wa " resuspended in'residual
 

medium. Three thLn smears were made: One was sained by
 

May-Grunwald-Giemsa to determine "tLssue culture cell
 

morphology, cell condition and associationof thenucleated
 
'cells with parasites and d tbloodrcels.
a The 'second' 

smear was stained "with-Giensa to determine the perc nt
 

,parasitema and the condition of the parasites. The third
 

smear was stained with Lepehne-Giemla to detect hemc
 

,positivenucleated red blood cells (normablasts and
 

megaloblasts),
 

To determine nucleateds bone marrow cell cn, aliquot of
 

,eachharvest'-from a quad plate inoulated wLth'bone marrow
 

' 
 lyse-the ' 
'clls -Van iedith 2% acetic acid to e red blood 

cels and'! the count-made in'.ahe*hicyt~meitsr-

Results
 

ParasitemLa: Thetabulaton,:of!deieoping parasitmia :in,
 

:
these cultures ie presenteA,in: Tablea:4. These ,data indicate.,


a red blood cell parasitemiaoccurred throughout the test
 

that ured the nucleatdcel 1swere ;exposed -,to adequate
 

n:umbers of i'nfctive parasites.
 



Desr'iiiLon of the culturAs: Thittalnucleated oll
 

counts are presented in Table 5. A eneral decline in
 

cell numbers occurred on days 0 to 7 with a precipitous 

decline on day 7 when the cultures were split. As the
 

eoxpear;ment;progressedj, major changes in. the tissue culture,.
 

icelep pulatLon were.sen. ,,Prior,to P. falciparum
 

inoculation, the bone ...
marrow suspension contained,about
 

,,O%.,,nucleatedhemoglobLn.positive normoblasts and,
 

were
megaloblasts. This was.about ten times as many as 

seen-Ln,.the Rhesus,.-and,Squirrel monkey..,bone narrow suspensionsi 

,,The remainder-,of the,nucleated bone marro, cells vere the
 

expected,non-hemoglobinl containing 9aononuclear cells and
 

a 'variety o .eukocytes iBy the'.first-day after inoculation, 

with .P.falciparum,' the proportion of.,, nucleated hemoglobin

pos.itLve.cells had.declined, but were present in moderate
 

to large numbers.which persisted through day-seven-. These
 

are theoretioally the more likely celscapable of support
 
of .
P, falciparum growth.
 

hagocyteswer evident by, day,; one andwereobvious because
r 


ofthe,Vr-,0enormous.,propensity,foraccumulating materia'
 
from the, cultures. aheypersisted
in fair numbers through
 

day eihth and, a.few wer found.on,day nine.
 

A onpp agocytic mnonuclarp non-hemoglobin containing
 

cell was present throughout the-first eiht days' of the 

culture.: These were probably stem cells or maturing Cek.Ls'
 

s L
.of the erythroid or monocyteer es.
'i
 



Tb other nucleated clils (leukocytes and lyzphocytes)
 

were few by day 2 and disappeared from the cultureby
 

day five. This evolutionary hematologic picture,was:
 

soon in all three baboon bone narrow cultures.
 

1" filciparum association with :nucleated bone uarrow cells:
 

Two hundred to 500 nucleated cells were examined in may-.
 

Grunwald-Glousa stained smears each day. The only nucleated
 

ceIl which'became associated vith P. falciparum was the
 

i
phagocytyte. Only 'on day 9 ofter: inoculation ver denti

i iable parasites seen; thesel we4re two,.'trophozoitb and -a
 

'schisont, This was when the tissue . culture cells-ere 

Obviously degenerating And little significanceis- attached' 

to" this observation.- EvIdence for',tIntracellulr 'parasite 

developuent was never seen. 

Discussion
 

P. falciparum development In baboon bone marrow tissue
 

culture cells did not occur during the 9 days after inocula

tion with i. falciparum. Nucleated bone marrow cells, 

bOth' tho"e that contained hemoglobin and: those, that did 

nots .were in Muffiient numbe*iepresent and ingood condition 
)khroughout the •ftist eSht days of cuture. Rodbloo ! cell 

parasitei s • ge'ne*rally high because'the;mediumuUed
 
GM-5, was chosen to, insure adequate P. falciparummulti

plication.
 



Table 4 

Red Blood Cell Parasitenia in PapLo (Baboon) Bone 
Mfarrow Call ,Cultures "in Quad -Plates. 

, Parasitemia on Days After Inoculation* 

Culture 2. 5 7** 8 

AoeHro.3 ~.8 2.3 4.5 7 '. 2A4 2.6 

Parasite Control• 1.7 2,1 VUD*** 9.2 12'.1 :2.6 ND0 

*Unoculum parasitemia wasy .9% 
S**Clulres lre fed liLth s red blood--celli ondayareh7at a :3 

split reati.o -- .

***No' datum, oaailables 



Table 5
 

Narrov .Tihsue Culture Calls:,Total Nutcleated B1aboon -None 

TotAl Cells per Quad (+ I x 106) on Day After
 

Inoculation vith P. falciparum:
 

Cutre 1
 

3 + P.,*ftl. 16,0 9,0 3.1 1,2 0.2 0.20 0.3
 

IX 5.8 3.0 2,3 1.2 0,2 0.'2 0. 3:
 

I+. Norria.: 9.0,_ 5.9 2.9 1 2 0.3 0.4 0.3
 

bc
 

*lone- cell norro
inoculated into each quad.on day 0:
 

Total *2 13. x 106
 

-Viable4 -19.0O x 106
 



IV. 'P. fN1ciparum (FVO) Itoculated'Primary Froe Cyn mos'us 

ionkey Kidney, Lung and Spleen and Human Diploid Lung'
 
:'POMC-5) Tissue Culture' Cells
 

Method
 

These cells were tested in Flow Flask cultures in the
 

same experiment. The methods are presented in Table 6.
 

and Appendix F of the.July 1, 1977 Report..A similar
 

,test -of :these same: cils was reportad in thyeJ 1 1977 
.+ReportS iI VI.. They wer becaus 

of , .defieiencyn tn"'he ea:iter' experioment. 

Results 

Parasitemia: The data'are presented in Table 7. The 

paraitemiasin-the.-e similar to that 

of the parasite control during the first three days after 

inoculation. On day six after inoculations parasitemia

,2 + + + +:+_ .+.. + - . 1• 

significantly decreased in all 5 flasks and the parasites
 

were in poor condition. However. the parasites were

satisfac,,ory during the first three days of the experivs-nm' 

and the parasitemia was sufficient to insure tha ,:1cells 
were adeutely exposed to -infectious P. falciparum. 

Cynbojitius idn j Celll Cu ltures 

Microscopic: Covorslip cultures were-available for.evalua

tion on days (50 cells)and.2 (50 l after Inoculation,
 

with,. P. f aiparu. On dayone, the phagOCytic activity 



ofthese cls ecie.i h uy1 7 eot 

wis evidenced by inclusion of red,blood cells in vacuole. 

in the cytoplasm of some cells. On day 2, red blood cells. 

were seen in many cells and three cels contained Infected
 

red blood cells in which the parasites appeared degenerate.
 

.Discussion.,
 

Maturation of.parasites.in the cells could notbe evaluated
 

because of,theshort periLod.of observation in:this test.
 

.
Interiorisat on o parasites and red blood cells.occurred,
 

as previously reported. This test must be repeated with
 

an.exiended observation period and a.higher .level f
 

parasitenia.
 

CynomolgueI Lung Cel Culture. 

Microscopic: Twenty-fviVe to 50 cells were examined :on 

days I and'6 after the culture was ,inoculated with ,P. 

falciiarum. No parasites 'were observed within the 'cells; 
some cells contained red blood cells and debris
 

.. , 
overs.. 


repeat test with a more, compl eaatLon of this tissue
 

'culture cell is necessary;
 

Because of the fewcellsa vilable on.the lp, a
 



Cyomols'I SpI'en Cell Culture.. 

_croseople: 
 Threehundred to 500 cells were examined on
 

days 1, 2, 3 and 6 after P. falciparum was inoculated.
 

These cello were hiShly phagocytic to the red blood cell.
 

No parasites were identified within the Cynomolgus spleen
 

cells.
 

Discussion,.
 

Because of its hLgh phagocytLe activity, this u"ay be "a
 

cell type that Will be useful in studies designed'to
 

curtail lysosomal destructionof ingested parasites,.
 

Howevers no inteiorieized parasites were-seen. indicatin,
 

destruction of the presumed interiorized parasite occurred. 

A cell such as Cynonolgus kidney with apparent less compliee 

destruction of interiorized material may be better for 

suchjstudiesi 

-Humn Diploid-; Lung (MRC.S) : Cell Culture 

M1icroscopic : During 'the siLx -days,. after, inoculatinwt 

P..falcparuM", associa.toI.n s.I',of parasites withtheclls 

not -observed.During thefirst three days 200 to 250' 
""lls were'examined and 60 cells were examined on dayix.al~iwrwer o..day:"x=n~ 


The cells: activelyadsorbed And interiorized red blood
 

ells 'Interiorized red blood cells were destroyed.:
 

http:associa.to


Discussion ', 

hlthough the MRC-5 cells vere hhly.phagodtic for red, 

blood cells, neither degenerate nor ,normal, P. f&lciparum 

seen in the cells. Because MRC.5 is an acceptablewas 

vaccine substrate, efforts vi] be made to decrease
 

intracellular destruction of.red,bIod cells and their
 

included parasites by modif.icatLon of the cells' ensymatic
11 


activities, as proposedin the Project Extension Proposal 

for the thiord year s work. 
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METHODSI: P- fciparum (FVO) noculated 
Cynomolg-us.Monkey,1Kidnay, Lung'.iAS4 SLeon.and Iuman -Diploi&. 

K- (RC-5) -Tissue-Culture Cel''Lung-

MRC-5
 
u Human Diploid
 

CynI6molgus_,Kidney CynmoL'usa.Lung. Cynomogus Spleen Lung Line
 
Tissue Culture Cel Frozen Prmary FoenPrimary Frozen Primar3 se
 

Cell Seedin&Data
 

Number '4fCells 1.1 z 106 1.9-x 106 6.0 x10. 4.5 x 105 

Volume 2 i 51 .51" 

Growth Medium GM-3 	 GGM-2-
GM-99G2 

rwn>bie -as 7 days7 das. aye,
 

Days After Inoculatlon 
Microscopic Evaluationj: l; 2- 1, 6 .,2,-3 -'s I 

Done 9 32 .1 

Parasitemia .Determined 0, 1, 2, 3, 6 0, 1n, 2, 3, 6 0,1 -2-3,6 -0,1, 29 3, 6
 

Culture Vessel Flow Flask (Appendix F of July 1' 1977..Report)
 

P. 	falciparum Inoculiim. 

Volume 3 ml 
% Red BIlood!Celi 126 5% 
% Parasitemia 1.41T 

Medium GM-5 

Medium Flow late 2 ,ml per hour, continuous 

Reference to:Methoda Froziz ,Cell Cultures (Appendix G - July 1, 1977 Report) 
Tiiasu Culture :Medium (Apendix.'.H -uly 1, 1977 Repo t).
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'Table 7
 

Red' BloodCell Parsitemi In Cyoimolgus
 
Kidney, Lusg and Spleen and Human Zubryo
 

, DiploId Lung (RC-4) Cell*, Cultures in Flow Flask.!
 

% PariaLtemia on.Days Aft'er inoculation* 

Tissue Culture Cell .l 2 3 

Cynouolgus Kidney 1.36 1.70 200 0.71 

Cynomolgus'Lung - 1.08 1.23 1.05 0.20 

Cynomolgu.PSpleen 1.85 2.30 1.77 0.60
 

RC-S 1.27. 1.24 1.49 .0,31
 

Parastse Control 1.29 1.8 1.32 0.20
 

c'ells) ' ... 

,,,]*V0 Inoctiluim contained* 1% Ifrasiteiiia.* 



Inoculated ChiupanmeeKdney and 
Spleen and'Rhesus Lung' and"pleen Tissue Culture Cells 

V. P. Kdfaliparum(FVO) 

Method
 

These cells were tested in Flow Flask culture in the
 

same experiment. The methods are presented in Table 8
 

and Applendix F of .the July 1, 1977 Report.
 

Parasitemia: The data presented in Table 9'indicate the
 

parasitemia increase among these culture was quite variable.
 

The parasitemia and the good'condition of the parasites
 

was sufficient at times in all cultures to assure an.
 
adequate exposure of the tissue culture cells to infective
 

parasites.
 

Chimpanzee Kidney Cell,Culture
 

Microscopic: During the six days after inoculationno. 

parasites were observed in association withL the ells.eI 

Five hundred to 1000 cells on each coyeralip were.ezaitned., 

These'cells showed no phagocytic activity.
 

Discussion 

We do not plan further evaluation of P. ailiparum
 

Infection: in primary chimpanzee kidny cells.''
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Chipanzee spleen Cell Culture: 

Microsopic,: On the two 4ays (1 and 6) ofter inoculation
 

that there were enough cells In good condition"for ezam

ination, no parasites were associated with the cells.
 

Fifty cells were examined each time.
 

Discuss ion 

Parasitemia was adequate on the two days cells Ven 

examined, but too few cells were available and coveralips 

from other days during the test did not contain a sufficient 

iunber of cells. Therefore, this cell as a frozen prLmary: 

was retested. See Section VI of this report for the. 

resul.ts of the retest. 

Rhesus Monkey Lung Cell Culture
 

Microscopic: Parasites were not associated with the 'cells
 

during the eight days after Inoculation that coverslips:
 

were examined. Five hundred cells were examined on each
 

coverslip. The cells were not phaSocytic.
 

Discussion
 

We do not plan further evaluation of P. falciparum infection
 

in primaTy Rhesus monkey lung cell*.
 

http:resul.ts
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Rih"sus Monkey Spleen Cell:.Culture
 

M:Kicrosccm : Al'though the parasitemia in this., ul:ture 

was 'low,.adequate evaluation was made durins tihe first 

three days .of culture, .. ,not assgciateda falciparum was 

with the cell.Thel s were not phagocytic.
 

Discussion 

No. ufurther evaluation of Rhesus Monkey sleen ce.es 

incUalated wit; P. falcif!arum is planned. 
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Table A
 

-METHODS: P. falciparus (FVO) Inoculated Chimpansee Kidney
and Spleenand Rhesus Lung and Spleen Tissue Culture Cells.'.
 

Chimpanzee Kidney Chimpanzee Spleen Rhesus Lung'- Rhesus.Spleen ::
 
-

Tissue Cultue Cell Primary Primary primary primar 

Cell Seeding-Data
 

.2:x 106_ 2 ,zxl 106
Number of Cells -2- z 106 2 ::x 106 

555ml-. 5 mlVolume _ 5m1 
M2 GM_2

Growth Medium -2'GM3 GM2 d G 

d5, days 7 days 7 days


Time Grown + 

Days After Inoculation 


6 L, 1, 2..3 -6 7 & 1 2 3-8
Microscopic Evaluation Done"l, 2 j 3 

Para.iteuia Determined - 0,'E,1 36,7.,9 0-1-2i3,67-8,:9 0,1,2,3,6,7,8,9 0 23,678
 

Flow Flask :(Appendix fJl 1, 1977 Report):
Culture Vessel 


P. falciparus Inoculum.
 

3m=
Volume 

% Red Blood Cells 125
 

0.O80t1% Parasitemia4, 


Medium
 

2 ml per, hour, continuous.Medium Flow Rate 

References to Methods, TisueCulture Medium (Appendix,, Jly 10 1977 Report)
 



Table 9
 

R0d"'lood Cell ParasteuLa' in. Chiupanmee 
KLdney and Spleen and Rhesus Lung and
 
" Spleen Cell Cultures in Flow Flasks
 

] Parastefa on Days After InoculatLon* 

TIis Culture Cel72 3 * 

Chiupanxaeidney, 0.6 1.0 1.2. 6 0.1. .0.6 0.1
 

Chupanzee. iSpleen- 10.8 00.6 .1 0 1 4
.6 1.21. 


Rhesus Lungr 0.'9 1.3 ,8 '1.8: 0.5 , , 0.3
 

Rhesus Spleen 0.7 0.5 0.3 0.1 0.2 0.2 0.4
 

Parasfte Control 0.9 1.0 1.2 3.4 2.2 i., 0.5
 
(No , tessue culture 
cells),
 

* Inoculuu containedO 0.,-paras/.teas 

.**Noral.huasn'ABred blood ceIls.vere added to the flasks on"'day 7 



i .1.,fIa arun (IVO) inoculated ChIMpansee Kidneyg Lung. 
Ul55i iid~-~ha KidneY (TCL-598) Tissue .Culture Clls
 

method
 
.
blty to support P 
ested for, their 
These cells were 


falciparum growth in the samenexperiment. The chiLmpanmee
 

cell cultures were derivedfrom frosen primary ceLLs.
 

The huuan kidney .cell vas acontinous line otiginallyl
 

a t iu
 1iolated from a female. The methodsere presented


-
1977 Report
Tablie 10 and AppendixF of te July 


Results
 

Parasitemia: The data are presentedin Table 11.Para

sitemias in the tissue culture Cell flasks were similar
 

to that of the control throughout the 7 or' 9 *days of the
 

test and were satisfactoryi throughout"t t
 

'Tissue culture Cells.Chmp2anzee'KidAney 


Hicroscopic: During the eight days this cu.ture-was Itested,
 

about 25 cells were available for examination oneach
 

coverslip. The cells were isolated and only I.n fair
 

condition. Degenerateparasites vere observed infrequently
 

In the cells and there was 'no evidence of parasite development.
 

. e

Small amounts of hemosoin and degraded rd blood cells*'er
 

seen in some cells.
 



4k
 

,DLscussion
 

'Although parasitemia was satisfactory in this chiupanuee
 

-kidney cell culture, the culture medium condition was
 

toxic t o the cells. Thus, the failure to observe normal
 

.or'developing parasites in the tissue culture cells was
 

not necessarily a valid observation and must be verified.
 

Chimpans"e Lun s Tissue Culture Cell.'
 

Microscopic: Dur insg the.. ninei days of obser4Ation 'after
 
Lnoculation,of -- at least
thecuIturewithp.": fal iparum, 


20 to 500 cells were examiled on,each coverslip. Aboul
 

507.of :,the •;
cells were phagocytic "and-contained red blood
 

cells, debris and hemozoin. Desenerate parasites were
 
observed in aboul: l to22Zof the cells, but: parasit~e
 

developuent did not.!occur:
 

Theehighly phagocytic cells did not support; pa+rasite+
 

growtfh. ecause they interiorise parasites xaadily,
 

chimpanmee lung cells are good candidates for modificatlon..
 

to decrease lyosomal destruction of parasites,-,
 

.+Chiupanses .Spleen+Tissue-Culture Cells
 

MLcroscopic: About 500 calls were examined on each coveralip
 

during the 9 days after the culture was inoculated with
 

P, falciparum.. iedblood cells were associated with about
 



50, of the tissue culture cells by an apparent;adsorp tic"
 

mechanism, bn!t few calls contained red blood cells.
 

the cells contained hemosoin. About 1 to
"About 501 of 

21of the tissue culture cells contained identifiable 

parasites on some of the dayss but they were degenerate
 

and no parasite development was seen, 

Discussion
 

There was some indication of difofrential interiorimation
 

,of ,parasites by thesecells since fe redo blood ells 

were•seen; in.the calls, -butidegesnerate parailteaevere
 

seen. Thismay be acell .,worthy of-modification to 

proevent i yosoual degradat'lon of the' parsiL te 

Human Kidney (TCL-598) Tissue Culture Cells,, 

Microscopic: These are extreuely"difficult'ce11 to examine 

for intracellular parasites (or anything else) because
 

of their small, densely staining cytoplasm similar in 

appearance to small bone marrow monocytes. Red blood cells
 

adsorbed to the cells, but phagocytic activity characteried 

by vacuolation and interiorization was not seen. Parasiteso
 

either adsorbed to the cells or interiorized, were not seen,
 

although about 500 cells were, examined onmOst of the,9: 

days they were examined.
 

Discussion
 

el lisand the 

, 

,BeCause of the difficulty of'examining ethos 

apparent lack of interiorimation of parasites or rted. biood'-.!

cells, we will not test these cells again,
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Table .10 

METHO-DS:'. Z, fjaicluarumJ(FVO) Inoculated' Chimpanzee Kidney,
 
Lung, Spleen and Human Kidney (TCL-598) Tissue Culture Cells
 

TissBue.Culture -Cell-' 
Chimpanzee 
Frozen Pri

Kidney 
mary--

Chimpanz~ee Lung 
Frozen Primary 

Chimpanzee Spleen 
Frozen Primary.,-

Hlumani Kidney, 
TCL SOO' 

Cell Seeding Data 

Number*of Cells-30z 0 30 xl x Mz 0, 1.A 0 

Volume. 
Growth Medium 
Time Grown 

5:m1.l 
GM-3 
6day. 

G.M-l. 
as;4 -

m 

days1 

5 =I: 
IHlG

da4y. 

Days After -Inoculation

microscopic evaluatio6n' 1,2,39,6,7,8,9 T r1, 2,93 -6,7,89 iS,3 -6 1-8 191293 78'9_9 
-done', 

Parasitemia detrmined .122,3,6,7 8-1 1-2-,;6,7 8 v9 1 -2:3,6,7,8,9 1q2 ,3,6 7,8,-9-

Culture Vessel Flow Plank (A pendix F o0f the Julyl,: 1977' Repor) 

-P. falciparun Inotufium 

*Volume' 3m1a 
% Red Blood Cells.:-1.5 
I Parasitemia ',1.02V 

Medium GM-5 
Medium Flow Rat& 2 Pmprhour,i coniou 

Refereonces to Methods' .,Frozen Cell C.-ultures (Appendix G of the July 1, 1977;:Report)
Tissue Cilture_'Media :(Appedi H fh July 1, 1.-977 Report) 
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Red flood Call laraItemnia in Chipansee'Kidney
 
Lungp Spleen and Human Kidne (TCL-.598) Cell.
 

'CCutures in Flow Flasks 

SParauite ia on Days After TInoculAtion*
 

1 2 6 7 8 9
 

•Tissue:'Culture Cell
 

115 0.7 . 08
 
Chiapansee Kidney 0.9 1.5 1.8 1.6 

Ch~ipanhee Lung 0.9 1.6 1.9 .2.3 3.0 3.1- 1. 

Chispansee Spleen:, 1.2 !1'1,4 1.7 '2i.9 .9. 30 2.5 

1.2 ' . 2 3 .30 3.1 1.9 0.8
TCL,598 


Parasite Control- 1.1 .14 3.4 3.5 3.6 1.8 
(no tissue culture 
cells)
 

S*Inoculua paasitemia was 1.01,
 

suspension of noralhumanAD ired iblood":coells
**l.5} ml of 12.5% 

verik'added to each, flask on 'day. 
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ii .falcipaum (IRC-3) "InoculatedAuan
UmbilicalVein.
 
Eiidotheilal Human Embryonic Lung Diploid (HEL-208) and
 
Aqtus, trivirgatus SpleenrCells -

Method
 

.These cells were tested in Flow Flask cultures in the
 

same experment. 
Three other HEL cell strains were also
 

but the human red blood ells

tested in ths experLment 


n red blocl 

and/or serum were toxic 
to thease HELand data could :not
 
be.obtiined. The methods arei presented in Table 12 and
 

in AppendLx F of the July 1,9 1977 'SixMonthiReport.
 

R
lesultse
 

Parasitema:..The data are presented in Table13. The
 

Lemia A -,inthe,'sixi 'tissuei 'Ibul f k areia:miar
par t 


to that: ofthei par.asite7confPntrol ,flask -throughot-the ei''ht 

days* of' the test-. 

-"HumanUmbilical VeinIndothelial Tissue CultureaCells1
 

MLcroscopic: 
..On,day.llI-fthroush day 6a,terkthe cull'tures' 

wareinoculated wLh P. f lcLparum,' 500orm'oreicells 

were' examined, On days . 7.and .8, because fewer cells were: 

p.resent on the coverslips, only 50. cells were examined. 

4
Throughout the test perLod, microscopic exa- na 4^n revealed
 

parasites wLthLn the endothelial cells. Because apparent
 

degeneration of:the nteriorLsed parasites also occurrei,I
 

normal forms were not .frequently observed. However, in
y 

about 1%o h cells$ schlionts, merosoLtes or rings and
 



more mature trophomoites were identified at a u times. 

Interioried parasites werenot agt;oupanied bya.ignificant
 

number of interiorized Ted blood cells. Therefore, it is
 

possible that the identifiable stages matured from merooites
 

that had infected these cells. Hemosoin was first observed
 

in the cells two days after the culture was inoculated
 

with P, falciparum and accumulated in the cells throughout
 

the remainder of the eight day test period.
 

Discussion
 

The human umbilical vein endothelial cell has.several
 
characteristics that make it a theoretically promising
 

tissue ,ulture cell for the, propgatioW of '.fsciparui. 

,iirst data in, the literature' indicat'sW-this nubl eated 

cell has blood, group.,-antigsen'A, B and H on its surface. 

Thus& it can be theorisedthat the cell may also have P. 

falciparum "receptors" on its. surface and may be capable 

of Lnfection it "-fhiacipirum ina manner analogous to 

that of red.blood cellsi.. Secbndly-! human-umblicail cords 

are.roadily,, ava lable , 

ThIrd, albeit the yield of cells from an umbilical cord
 

vein is small, the literature indicates these cells can'.
 

be cultivated srially for at least several months;"th11s
 

the numbers of cells can be increased and practical amounts
 

obtained by in vitro cultivation.
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to :contiiW lakso we plan hue ork r th t ths 8ppant. 

'Ofctivi~phagocytOs,of red blood cells and the interior

isation of.parasitee may indicate the parasite was
t *c.. ( 

preferentially interiorised. The apparent destruction
 

of the parasite and/or. failure to mature normally may be.
 

overome;-byy odificationof e11 sosomal.activity. whi..ch 

may beresponsible for parasite destruction.. It,i t,4his "
 

type of approach.we proposed to take with promisin' celI
 

types during the third year of the contract,
 

Human Embryonic Lung Diploid Tissue Culture Cells(HRL-208).i
 

liqcrloi copic:' 1orty.io 500 cel6 wee,6zai1&on dys1 

3d6~ atr-inoculI t1on of the~cult'ue wi-th acpr 

-Hemo oin was,detectediu-some'l1.'buto' ntetri ed 

rs tote' were observed 

Discussion
 

OfUhe, strains of human embryonic lung Ite't'sute-tculture 

celle:thaet were ontetin thls'-oipermeht -' onyr HEL-208," 

cerlsdsurvived1 well enough to be partially eva uated. o 

parais war•e een, nHL-S208. 

All hIuman ea :'otO be, used in the rowt0h ofP. falciparum 

are screened-for toxicity against the L,1210 mouse leukemic 

cell61 culture prior, to itsuse. This meLthod has been 

efecv ineiiaig huan sore tozic. .to,most cell' 

http:1orty.io


cultres.-Uoeve,.ths ~u tlod'didnopsittzct 

for, human eubryonic, up igcULr .e 

*Because human embryonic(diploid) - lun '.'cultures Are 

approved .oriru uction, ,additional researchs vacie . pd 

offor viv 1e appled t odse cell culres. 

Acvtus trivIsrttls Spleen Tissue Culture CelI..
 

ei apleen wa. reo-ved from anA . tivirgatus"monks
 

aht was Oatr inc cUlaed vtihPb ,n flipran 

to beasusceptible 

ro'soucop te: "Prom d two t "ds' eih'afe ino ulation. 

with, Ip.aleiparu 5Oso 200 cells were, examined. on each 

;oVer aIip. SL erelweakly.phagocytLc Ior redoMe,.Cel 


ood celts:,, and a, mallIamount of hemozoLn was.,seen in. 

lone cells-. Only on day 8 were-identifable.parasLtes 

mean i£n'he cells,and.:these looked degenerate. 

Aiscussion 

le do .not. intend to, studV,, Aoctuspleen cells 4an 
ecauae of. thesmalI' number of parasites found, within 

the cells and the pasits desenerate onditon.;. 
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Table 12 

I~THDS:'P." fciparum(FRC-3) inoculated Human UmilclVn 

Endothelial, Human EmSwryonic Lung Diploid (Hh 208) and Atus: 
teTissue Culture Ce a. 

Aetua: tiivigatus Spleen Tissue.01: Culture Cellsa 

EL 208 
Human Diploid 

Human Umbilical Lung Line Aotus Sfpleen 
Tissue Culture Cell Vein Endothelial 5th Passage Secondary.. 

Cell Seeding Data. 

Number 
Volume 

of cell's 1.0)5 _x 
5 mi 

106, I.OZ 106 
5mi 

1.0. 
5m 

10 

Growth Medium G-40 -. G-l GM-3 
Time Grown 6-days - day 1 day 

Days After Inoculatioz-

Microscopic evaluation done 1,2 3,6-,7,8 1,3,6 1,2,3-67,8 
Parasitemia determined 1 223,6,7,81,2,3,6,7,8. 1,2,3,6 ,-7 

Culture Vessel Flovw:Flask (Appendix F of the July l, 1977 Report) 

P. facLiparum Inoculum
 

Volume 2m1
 
% Red Blood Cells l
 
% Parasitemis 1-261
 

Medium 	 GM-5
 

Medium Plow Rate 	 2 ml per hour, continuous
 

Reference to Methods 	 Tissue Culture Media (Appendizx of.. 
the July 1, 1977 Report) 
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Table 13 

led Blood Cell larasLtemLa in Suman UblLcal Vein 
indothelLalo Human Smbryonic Lung Diploid (IUL 1939 

RXL 195v IlL 2019 IlL 208) and Aotus Spleen Cell
 
Cultures in Flow Flasks
 

% Par sitemia on Days After Inoculation*,
 

Tissue Culture Cell 1 2 3** 6 7 8 

Human Indothelial 1.93 3.27 6.04 3.06 2.56 4.98 

RIL 193 2.07 4.21 2.65 6.48 7,72 6.85 

HIL 199 2.23 4.35 5.42 9.90 8,20 10.70 ' 

9L 201 1 4.27 8.20 O.5 9.85 9.35 

IlL 208 3.20 4.12 6.40 8.79 10.60 5.14, 

Aotus Spleen 1.94 3.95 5.90 5085 7.70 7.40 ' 

Parasite Control 3.15 4.30 7.15 9.20 9.45 9 87 
(no tissue culture cells)
 

*Inoculuu contained 1.45% parasiteuia
 

Si I
cell nusxp'ensionlk-Wa

**1.5 ml of ' 25% normal AB huaun red blood 

added to Jsach flask on day 3. 



PIII.fP.lejarum .(*VO)' Inoculated iotius .tr~vratug,,Is loan:'
 
iedtHuman Embryonic LungStrains EEL 208 edl issue.
 

...Culture Cells . .. . . ... ..... .. .. ... 

Method
 

These cells were tested in Flow Flask cultures in,the
 

same,experiment. The methods.are presented,in Table I
 

and:in'AppendixF of:: the:.July l.1.l 977 report.
 

Rtesults,-'' 

parsiemia: The data are-presented rin'STable. 15. 

ParasitemieA'was' adequate throughout*' the' test period. of.: 

10 days after i:noculationwithP. alparum in'the flaiks 

cotiigtiseclure els mdum feeding 

de icieny in th,:par "asite ntrol flask caused the 

'.pares te to' not row normal-ly-from 'dayfive to day'. seven 
Ond"ay- seven "threcutureswerefedwtf-resh red' blood:: 

-Aotus trivirgatus Spleen Cell Culture
 

Microscopic: Two hundred to 300 tissue culture cells swere
 

,examined from day one'to day.five after inoculation with,
 

P. falciparum. The cells were phagocytic for parasite,,i., 

red blood cells and hemoxin.''Degenerate parasites were 

observed in the tissue cuiture ce11s infrequently. Aftei 

day five, the tissue culture cells deteriorated and valid
 

observrations"-could not be made ;9

l 



Dis~lcussion 

Because of the infrequent int:ioriat.onofP.'falcipatuU 

by these cels and lack of normal or-maturing parasites: 

.
 no further work ith,the LAotus, spl-*een."cells
in the cells, 

is: pltnned. 

c
H.uman Eubryonic.Luna'(HlEL 208) ell cutlture
 

Microscopic: Two hundred to ,500 HL cells vereixamined
 

on days..'.and,,3 afterinocu-ltiowwith P. falciparum.+
 

5to9had forty to.fifty
C veedpreodon 9dys 


cells: available for evaluation. By,:day.10 only-12 cells
 

smal amount,of were found., On,days,l,and.,3 only, 

hemozoin and,,no* parasites were,seen in the,cells. On
 

day.4A.three tissue culture cells contained,parasites
 

(one schiont and :twodegenerate paraites-in phagocytimed
 

red .blood ells). From day 5 onward, only'degenerte 

parasites and hemozoin were seen in the cells. 

Discussion
 

:
 ,
Parasi-te interiorisatIon was infrequent.in EEL 208 cellIs 

although red blood cell parasiteuLa was high and afforded 

a good exposure of: the- tisu'e culture cells utnfeceive 

parresd, No development: of interLorised'parasites, 

tIhe culrred 

The' -cltt ithizi,~ -'ell-.)• so'TthIe,•odtia~i:rei.:;o 




Maintain',slshtly betterathan EEL 2I08 oter 43ndEL 

strajuh we have tested3 but after 4 .to 5 days, intt;culture" 

evenUC.5 is Obviously toxified. This typeof cell 

does not ,'hold up vell inlong term Culture, even -.under'.,,,. 

ideal culture conditions and th' P. falciparum culture 

medium is not ideal. Thus, only short term expe.riments 

are possible using EZL, ,and. RC-5 callsf., 

.'.Human, Embryronic Lung, (EEL4191), Cell 'Cultures 

Microicopicd During th~e fivedaysq goodto ftirtissue 

culture cells vere available". for, evaluatibn. fitracel luLX 

parasites were infrequently-;seen in the 100 to 500 cells. 

examined: on each coverslip. These cells were poorly 

phaSocytic, for red blood celils and parasites. Parasite 

development,in thesei ,cells not,observed..
 

Discuss ion: 

The lack o i*Identli f iable parasites in. EL 191 indi cates, 

thiscell line is of no speoial interest for _ :thesetudiea 
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-,-Table14
 
'METHODS: P. £alciparum (FVO) Inoculated Aotus'triVi-gatus
 

Spleen. Human Embryonic Lung Strains, EEL 208-and 191
 
'Tissue Culture Cells
 

Aotus -Spleen L 108 EIEL 1.91
 
Unfroze' Primary . 7th-Passage 18th Passage
Tissue Culture Cel-


Cell Seeding: Data
 

950 O9000 . x1
Number of Cells 975," 1 0,. m
Volume 5m1 mI .
 
GM-l -
GM-2' !Growth Medium 3 daysys 3 days 3dys
Time Grown 


Days After inoculation,.
 

,34.5,6C7,10 4,3,,
Microscopic Evaluation done A, 3, +,5 ! 

Parasitemia determined .93,45,6,7,10 

. 

3,4,5,6 ,10 3$495,6,7,1
 

Ilow- Flask. (AppendixF.of: the J4uly 1..J977Repatculture Vessel 


P. falciparum Tnoculumvi

31
Volume 

12.5
% Red Blood Cells 

6',94%
% Parasitemil 

GM-5_
Medium 

2 ml'per-ihour, .ontinuous.Medium Flow Rate. 


Reference to..Methods tissue CultureMedia (AppendixiH of t7 t
 



Table- 15z
 

ied Blood .Cell Parasitemia In Aotus trivirgatus
 
,6Spleen.
Human Embryonic Lung Strains. HlL 208,
 

and Ca1
cell Cui'tures in Flow Fllak-si. 

% PariLteia~ onA DAys After' Inoculation 

C 7** '10:Tisu 4Cture Cel 


Aotus'Spleen ,2.9 2.5 1.2 4.2 4.8 1.2
 

4.3 5.7
2.7 6.3 3.7 4.1
lL-208 


3'iE-9 90,57 5i58 3.2 " 

0-2***0 0' ***0.** D**P'arasite Control 2.7 3.6 

(no :tissue culture

*FVO inoculum contained 0.94 parasitemia.
 

**On day 7, most of the red blood cell suspension was removed,
 
and rebpltAed aLth :3 'mlI of 12.5%:normal human ;AB :red 'lloo'd
 
cel.l suspension.,
 

***See text for explanation.
 

.***NiD No Data
 



D ONeearch Desiqu 

DjrLng the current reporting perod-we have proceeded wth
 

,Phase III.of our contract proposalr,
 

,hte,VO: (Asian), and. FIC-3 (African) strains of P. Ialciparum
 

,weregrown in vitro in human red blood cells bya modification 

o .the Trager-Jensen method. This techniquewas described in, 

detal in AppendicesiC and D,of our'July 19 1977 Report 

Tissue cultures were prepared from cells of various organsi "i,
 

of human- and sub-human primates 2and i£noculated.with..'P. falciparum 

Lnflected red blood cells from in vitro cultur The :tisue
 

cultures were sampled periodically, stained and examined
 

microscopically for,evidence of (a), parasite attachment or
 
AJoi ztbn n'( ) r' l.- . " 

interioriuation, ,iand:(b)intracellular growth or development.
 

The aredblood ,;:stained.;ellsere sampled..periodically, and:
 

.examined microscopically to determine the percent parasitemia
 

:p'resent iII the culture system,
 

Two cellculturesaihuman endothelial. and cynomolgus: monkey,.:
 

kidney call..culture, ,offered: some indication,:of parasite
 

interiorization. These along with NRC-, 'a'' human embryonic
 

lung.strain approved for virus vaccine ,manufacture, w'i be
 

studied in a new approach described in 9r'contract proposal
 

submitted in-July,. ''9770.1' 'This": new design is being iplemented
 

as ofI Jauary1 1978.:
 



During cne cnzre .year o the contrat. weare taking,a.
 

.multi-faceted,appoach towardicult4!~tin. falciparum: in
 

*me ian%tissue: culturel cels:
 

.1. We wilLgrov P.. falciparum: in red blood cells':,in,the
 

presence of 4MRC-5 or ,human endothelial'tocynomolgus
 

monkey., k'idney;)cells.-qconcomitant, era sltso" h 

i:P
facIparum cultur'a-nd the tissuie cell"culturoevwill 

be 1: made.,"; The-obj actlve si to:i adapt!P .:falciparum to 

propagate-.Ln the cell;miliu^ by.--ia.proces ..;of 	adaptation,
 

2. 	The inoculum will be changed. We are working toward
 

increasing the synchrony and the infectivity of P.
 

falciparum in red blood cell culture to obtain a higher
 

parasitemia and more merozoites to fulfill the objectives
 

of the Malaria Immunity and Vaccination AID Contract
 

,,AID/taC4"1441. successesi.n-thesse, endeavors will be
 

appl£ed to culrture,of,; falciparumoin-,tissue culture'cells.
 

3.-	 The surface of tissue culture cells-vill-ha Mn if4MA .6W 

chemical treatments with the hope that this will facilitate 

adsorption of merozoites to the cell surface and penetration
(or 	passive interlorlation).of.. paasites- into',.
infectiv 


the' 	tissue 'culture cell,
 

4. 
We have observed numerous instances of parasites being
 

interiorized by tissue culture cells, presumably by a
 

phagocytic mechanism. This interiorization seems tobe.
 

followed by destruction of the parasite. This was not
 

http:propagate-.Ln


a4companied :by.:obviLou a. phagocytosis,,of re&dblood cel-ls'v 

ihntvo intances Cynouolgus kidney and human umbilcal,
 

vein endothelial cells. An effort will be;made .to,-modify
 

.the.intracellular parasIticidal',t activities.,of the .tinanu& 

culture,:.cells by interfering:1with these mechanismsa
 

pecifical ly-ve~plan:touse: pro tease inhibitors,

*specially.those.: that are known,: to.enter mammal'ian 

and interfeewith. lysosomal proteasesp .such,,as leupeptin; 

DNA- synthesi4s,, inhibitors e.g. ViraA . (vidarabine) /or 

2'-Deoxy-5-fluorouridine, compounds that interfere with
 

RNA synthesis and/or processing, e.g. Adriamycin,
 
Dactinomycin. Hopefully, some of .these compounds will
 

have differential effects on the mammalian cell and the
 

protozoas 

5. 	 ,I eare successfulnin' these!;efforts,and.release: of the 

,matured, patasite-,,: from , the., infec ted' Cal doesnO tocur, 

ws plan to facilitate this release by physical methods, 

e.g., ultrasonics or by chemical methods, e.g., surfactant
 

rupturing or by immune lysis.
 

g. 	 Dissemination and Utiliation; of Research,.,Results,;., 

The dissemination and utilizationf,:b research resultsrIhave : 

included: On March 10-12, 1977,. participation by Dr. Robert 

G,: Brackett In the USAID/WHO Workshop on the In Vitro lCultil-:. 

ration of Malarla Parasites at Rockefeller Institute, New 

York, NY. 
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On-MeIrch "'21:9 1977',we submitted a proposal in repLyto RIP-ta

'50078 en itled M aari& Immunity-and-Vacinatlo Thi
 

,pr.oposal was,accepted aend w"' began okonthe conrc on 

August 15, 1977.
 

OnJulyl12 ,977 we submitted a proposal foran extension
 
ofouriicurrent, otat ALID/ta-1258,, T-his po al.a
 

accepted.and%we began work on,the,extension ,:of this contradct
 
on,January 1,1978.,
 

F. 	Statement of Expendituresad'Odbliations '
d Contra ctor Resua.
 
The major targets for the contract perod* January i977
 

to December, 31, 1977, as related, to,our,-major inputs. 'were: 

,y	Compltethe tevaluation,of the culture,of,P.,berghe£,. n
 
Leydig cells,and, in mouse bone marrow cells -accordiugL o
 

the 	methodology of Dr. C. Spear.
 

20 	 Convert our effort from culture of P. berghei in tissue
 

cultureicells to culture"of -:n vitro grown .falciparum
 

.in tissue.culture ceIls.
 

3. 	Evaluat the culture of P. falcIparum in tw ntny-two sub,
 

human p;imate and human tissue culture cells., For a
 

varety,o reasons, eight'repeat tests in .some of.these
 

22 tissue culture cells ere performed. Thus, a total-

of 30,tests of the abLIty.of :. faloparum1to rowi.
 
tissue culture ceils wert performed.
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Uvolvement of minority personnel and Women
 

Four women were involved in project activitLes during tfte:
 

reporting period. Two were involved as professional
 

a
laboratory investigators, one as a secretary and one as 


laboratory- aid,-* The" fUt ure :invo Iv6antrno f 16o-n' ezpps cted 

to: roeain;: the same. One of-' these ptfessional w6,iono: was:, 

promoted during this past'-yot, ',One Black professional'

laboratory Investigator was involved In,p oject activitides.
 

during the year. Another Black:has been added to the project.
 

As. it laboratory, aid. 

Lon ',relted' to he, budgt-plan ,itomThe :.exponditures, and"o-bli ati
41977
from Januaryi-,
January....1977' tb December 31, ,nd 1978
 

t "Tcibe presnte
317,~1978imik 3are kidolos 

Period Period
 
ll//7 11/78
 

to to
 
Expenditures 12/31/77 12/31/78 (est.)
 

Salaries & Wages #111,389 #33,520
 
including Fringe
 
Benefits
 

2,000-1

Consultant Fees"', 

Trave &Transortation 94'115 

Othe Directt '-Cos 500 

Overhead 6889 83-58 

Resetrch & Gener7al'04- I844l, 
Administration
 

Supplies 873 17060
 

Total Cost to
 
Governient -1960814 . .246,-254
 



Work Plan'and.	 o Budget Forecast for the Coming Year 

T&e work'mn or the Odbmin yearincludes the 'fOvllwing,
 

tatgets:
 

e 	'AlthoughWe did not repeat the promiLng results 

obtained wLth P. falciparum-inoculated Cynomolgus monkey 

kidney cell ultre preente, n the July4l1977 Repot t 

S:etonrD '-& vZti ;bzperiuentalcoindLtions; were not repeated. 
.
lEpecially thee high.,opercent parasiLtemia that ocourred idn.
 

.:thef rit ,eieriment asnot duplica4ted in,th repeat
 

test. 
We will attempt to repeat the oriLfinal observations 

when the culture is Inoculated with a 5% parasitemLc 

inoculum and the parasitemia is maintained between 5 and 

lOG if repeatable* the large amounts of parasites 

associated with this eell
. will make the cell an Ideal 

candidate for some of the modification. described In 

SectLon'D - Research Design - this report. 

20 	 The modificLation of ells described in SectLon D -

Reseasrch Design -this report, will beapplLied to ,theC 

human umbilical vein.endothelLal cells because of the
,observationsand the theoreical conliderations presented
 

in 	 Section,,D1'VIofti report. 

3. 	Although there are considerable tissue culture-problems
 

associated with human embryonic diploid ells inoculated
 

with P. faLparum and the lack of significant Interaction 

between P. falciparum and these cells, the MRC-5 line will 



be mdiffr ed 	 "oficreaed asorpipnad psittato' 
a , eful8 8,p.. falciparu.I iL suc the, ivaccine-saubstrat~e 

'
,potential of NRC- '.is so. girea y'e viii activel y; pursue, 

investigations of other cell-modifyig procedures vith
 

NRC-S.
 

4. 	Adaptation: of P. alciparum.,to a,tisseue culture c:qellAill1 

be.attempted. The human umblical vein; ondothilial'.cell . 

and :the CynomolSus:.,monkey,,kidney,%cel wia.-re, the,presnetly, 


most ilikely candidate,.cells t.o beused,.in this, approach.
 

A'budget statement- showing,planned expenditures: for each of the 

Major iniputs for the period 11178 to 12131178 is presented in 

8ection 1 of this report. 
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