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DESCRIFTION of the PROBLEM

Despite mosquito control campaigns, malaria remains endemic in tropical
Africa. 1Infecticn with Plasmodium falciparum results in high mortality in
infants and in voung children (World Health Orgcanization, 1980). Plasmodium
infection is debilitating ard immunosuppressive. The humoral immune response
to murine tumor viruses (Salaman et al., 1969; Bomford and Wedderburn, 1973),
to sheep red blood cells (Greenwood et al., 1971), and to bovine serum albumin
(Strambachova-llcBride and Micklem, 1977, 1378) is suppressed during malaria
infection. Plasmodium ycelii infection in mice facilitated the growth of a
transplanted, svngeneic, virus-induced lymphoma (Wedderburn et al., 1981).
Thymic involution, depletion of T lymphocytes from the spleen and lymph nodes,
and disturbed responsiveness of lymphocytes to mitogens characterize Plasmodium
infection (Krettli and Nus-enzweig, 1974; Gravely et al., 197€: Taylor and
Siddiqui, 1978). The debilitating and immunosuppressive effects of Plasmodium
infection may predispose children in malaria endemic areas to other diseases.
High incidence rates of Burkitt's lymphoma (BL) have been recorded in malaria
endemic areas (tropical Africa znd New Guinea), and malaria has been suggested
to be a precipitating factor in the development of this disease in children
(Morrow et al., 1976; de The et al., 1978; Ziegler, 1981).

Though malaria is immunosuppressive, patients with malariez have increased
levels of parasite nonspecific immunoglobulins in their sera (Greenwood, 1974).
The occurrence of these parasite nonspecific immunoglobulins during Plasmodium
infection led investigators to speculate that substances (mitogens) capable of
causing nonspecific activation and multiplication of lymphocytes were associ-
ated with Plasmodium (Greenwood, 1974). Plasmodium falciparum preparations
have been shown to be mitogenic for T and for B lymphocytes (Wyler et al., 1979
and Greenvood et al., 1979, respectively). Furthermore, Gabrielsen and Jensen
(1982) showed that P. falciparum from continuous cultures causes normal human
lymphocytes to proliferate.

Burkitt's lymphoma is a malignancy of the B lymphocytes of the immune
system in humans. This tumor was first described in Ugandan children by
Dennis Burkitt in 1961. Tumors are fourd in the bones of the jaw and in the
kidneys and ovaries (Zjegler, 1981),

In 1964, Epstein et al. described a herpes-like virus in electron micro-
graphs of a BL from Africa. This virus is now known as the Epstein-Barr virus
(EBV). The virus infects only the B lymphocytes of humans and primates (Jondal
and Klein, 1973). Primary iufection by EBV usually leads to immunity; however,
the virus may remain latent in B iymphocytes for many years following the pri-
mary infection (Thorley-Lawson, 198Q).



EBV is present in virtually every everv cell of African Burkitt's tumors;
however, the virus is rarely found in the sporadic cases of the lymphoma that
occur outside of endemic areas {Kieff et al., 1982). The cells contain nearly
all the same viral DNA as is found in mature virus particles (Sugdenm, 1977).

seroepidemiologic studies have shown that African children with high anti-
body titers to EBV capsid (coat) antigen run a high risk of develcping BL
(de The et al., 1978). Because infection with EBV in Africa occurs in infants
within the first vear of life, children that develop the lymphoma may have
chronic EBV infectious (de The et al., 1978) and consequenutly higher levels of
antibody that 1s specific for EBV capsid antigen,

EBV 1is capable of transforming normal B lymphocytes (Henle, 1979), and
malignant lymphomas can be established in marmosets after the injection of
EBV (Shope et al., 1973). Thouch EBV is a transforming virus, its role in the
genesis of BL ie unknown. Klein: (1979) sugpested that EBV may play the role
of initiator in tumor formation by establishing a pool of precancerous B lympho-
cvtes. Klein (1979) also suggested that chronic holoendemic malaria may act as
an environmental promoter of tumor formation by causing the precancerous EBV-
infected cells to proliferate. Chronic proliferation induced by Plasmodium
would increase the possibility of a genetic change occuring in a cell. Immuno-
suppressioa that cccurs during Plasmodium infection would enhance the survival
of a cell that had undergone a cytogenetic change (Klein, 1979). T cell inm-
unity is impaired in humans infected with P. falciparum (Whittle et al., 1984),
and Thorley-Lawsor (198Q) has shown that T cells rrevent the outgrowth of EBV-~
infected cells.

Cyvtogenetic changes are found in BL. Burkitts lymphomas (EBV positive or
negative) carry chromosomal translocations which invclve chromosomes that
encode the genes for immunoglobulins (Ohno et al,, 1979). Seventy-five percent
of BL carry t(8;14) translocations. The remaining 257 carry either t(8:;22) or
t(2;8) translocations (Croce et al., 1983),

The cellular myc (c-myc) gene maps to chromosome 8, band 24 (Taub et al.,
1382). In lymphomas that carry t(8;14) translocations, c-myc is translocated
to the region of chromosome 14 that encodes the mu heavy chain of IgM (Taub
et al., 1982). 1In lymphomas that carryv the £(8,22) or t(2;8) translocations,
c-myc remains on chromosome 8, and the lambda light zhain locus or the kappa
light chain locus is translocated to chromosaue 8. These translocations re-
sult in transcriptional deregulation of the c-myc gene and its increased ex-
pression, while untranslocated c-myc is transcriptionally silent. (Croce
et al., 1983). The c-myc gene is activated by mitogens (Persson et al., 1984),
and c-myc transcription in normal somatic cells is related to the rate of cell
division (Stewart et al,, 1984).
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The cellular myc gene is also referred to as a proto-oncogene; i.e., a
gene that is a potential cancer gene. Though the translocations observed in
BL involve myc and fullfill the cytogenetic events in tumor formation as post—
ulated by Klein (1979), there is no proof that activated proto-oncogenes are
necessary for cancer formation (Duesberg, 1985). However, c-myc can imnorta-
lize rat embrvo fibroblasts but cannot induce transformed foci. Transformed
foci do form in c-nyc immortalized rat embryo fibroblasts that are treated
with the tumor promoter, 12-O-tetradecancylphorbol 13-acetate (TPA) (Connan
et al., 1985),

Because P, falciparum is mitogenic for T and for B lymphocytes and because
EBV associated BL and malaria share endemicity in Africa and in New Guinea, the
studies reported here were designed to determine whether P, falciparum induces
EBV activation in BL cell lines and whether the parasite enhar~es the prolifer-
ation of rapidly dividing BL cells. These studies have become increasingly
significant because of the possible role of proto-oncogenes and environmental
promoters in tumor formation,



MATERIALS and METHODS

In vitro Cultivation of Plasmodium falciparum

Plasmodium falciparum (FCR-3) was cultured in 5 to 15-ml volumes in 25-cm?
or in 75-cm~ tissue culture flasks (Corning Glass Works, Corning, NY) as des-
cribed by Haynes et al., 1976 For cultures, human type 0, Rh positive red
blood cells (RBC) were collected aspectically into sterile acid-citrate-dextrose
(ACD) solution, and the blood was stored at 4°C for 7 days prior to use, Blood
(100 ml) was collected from the sam. healthy American male donor at 20 to 25-
day intervals. The donor has no history of malaria nor has he ever resided in
or traveled to an area where malaria is endemic.

Type A serum (Rh positive) was obtained from healthy volunteers in the
College of Medicine at Howard University or from the Plasma Alliance in Knox-
ville, TN. The sera from all type A dcnors were clarified after centrifugation,
heat inactivated at 56°C for 30 min and stored in 50-ml volumes at -20°C, All
donors were negative for hepatitis B virus and had no history of malaria or
residency in malaria-endemic areas, All donor sera contained antibodies specific
for the virus capsid antigen (VC\) of EBV as determined in the indirect fluo-
rescent antibody test (Litton Bionetics, Charleston, SC).

Normal human type O RBC were washed three times in RPMI 1640 medium (M.A.
Bloproducts, Walkerville, MD), and the buffy coat which contained white blood
cells (WBC) was removed after the first wash. A small amount of the upper
portion of the packed cell volume (PCV) was removed after each of the final
two washes to eliminate WBC contamination in cultures.

The PVC was measured after the final wash and adjusted to a 5% hematocrit
by the addition of RPMI 1640 medium containing 10% heat-inactivated human type
A serum, 25 mM hepes and 0.3 mg/ml glutamine (complete medium P. falciparum,
Q1-P),

Plasmodium falciparum (FCR-3) was obtained from the Walter Reed Army In-
stitute of Research. Subcultures were made twice weekly by dilution of in-
fected blood from an old culture (3 or 4 days old) with a 6% suspension of
fresh normal type O RBC so that the percentage parasitemia in each culture was
0.12%. Each culture was gassed with a mixture of 5% €0y, 5% 07 and 90% N,

(Air Products, Allentown, PA), tightly sealed and ircubated at 370cC,

Cultures of normal human type O RBC were subcultured as described for
P. falciparum-infected cultures. The inoculum for normal cultures was RBC
from and old uninfected culture.

Plasmodium falciparum cultures were eynchronized after sorbitol treatment
of infected cultures as modified from Lambros and Vanderberg (1979) by Vernes
et al., 1984. Synchronized cultures were fed and subcultured as described
above.




Percentage parastiemias were determined by counting the number of parasi-
tized RBC in 500 RBC on Giemsa-stained thin blood smears. Percentage parasi-
temias in cultures averaged 5% after 4 days in vitro when a calculated incculum
of old culture was added to a fresh suspension of normal RBC so that the stavct-
ing parasitemia was 0.12% and the hematocrit was 6%. Lower starting parasite-
mias did not yield parasitemias that were high enouzh for use in the studies
described below. Higher parasitemias (7.9 to 10%) were obtained after 6 to 7
days of in vitro culture with 24 or 48-hr feedings in the absence of subcultur-
ing; however, some of the mature pirasites in such cultures were not typical

parasites and resembled crisis foims.,

Isolation of merozoites, Suspernatant medium from cultures was centrifuged
at 5000 g in the IEC PR=J centrifuge for 15 min at 49C. The pellet was re-
suspended in RPMI 1A40 medium withov: serum and washed once more by centrifuga-
tion at 5000 g for 15 min at 4°C. Supernatant medium was removed and the pel-
let was resuspended in enough medium without serum to maie a 1:10 dilution of
che pellet. A drop of the preparation was smeared on a slide, fixed in methanol
and stained with Giemsa stain. These preparations contained merozoites,mature
schizonts in which merozoites had not dispersed and RBC. Each preparation was
stored at -200C until used. Protein concentration in each of these preparations

was determined by Biuret.

Maintenance of Burkitt Lymphoma Cell Lines

Tre BL lines, Raji-3, NAB, P4HR-1 and AG876 were obtained from Dr. D.V.
Ablasbi of the Natiomal Cancer Institute. These cell lines carry multiple
copies of the EBV genome. Each cell line was maintained in suspension culture
in 25-em? or in 75-cqp2 tissue culture flasks (Corning Glass Works, Corning, NY).
PRMI 1640 medium (Advanced Biotechnologies, Silver Spring, MD) was supplemented
with 10Z heat-inactivated fetal bovine serum, 0.30 mg/ml glutamine and anti-
biotics (penicillin—streptomycin«fungizone) for BL cell lines (CM-BL). The
cells were passaged twice weekly and were incubated at 379C in a humidified
atmosphere of 57 C02 in air. BJAB, an EBV negative BL line, was maintained as
described for EBV-positive cell lines.

Immunofluorescence Assay for the Induction of EBV by Plasmodium falciparum

(FCR-3)

BJAB, Raji-3, P4HR-1 and AG876 cells were cultured in vitro as described
above, For assays, the cells of each culture were pelleted by centrifugation
at room temperature for 10 min in an IEC desk ‘top clinical centrifuge. The
pelleted cells were rasuspended in medium without serum and the centrifugation
Step was repeated. The cells were then resuspended in CM-BL. Each cell sus-
pension was diluted in CM-BL so that each ml of suspension contained 1 X 106
viable cells. Viability was determined by trypan blue exclusion, and all cell
counts were performed in a hemacytometer (Reichert, Bright-Line).



RBC from P. falciparum-infected or from normal cultures were washed twice
in RPMI 1640 without serum by centrifugation at room temperature in the IEC
clinical centrifuge. Each pellet was resuspended in enough CM-BL to yield a
6% hematocrit. Infected cultures were used when parasitemias were 5% or more
and when 80 to 857 of the RBC contained schizonts.

One ml of each cell line (1 X 10% viables/ml was mixed with 0.1 ml of a
6% suspension of P. falciparum-infected RBC, with Q.1 ml of ncrmal RBC (6%),
with 0.1 ml of merozoite-RBC lysate or with 0.1 ml of CM-BL in 16 X 125-mm crew
cap culture tubes (Corning Glass Works, Corning, NY). All mixtures were incu-
bated at 37°C in a humidified atmosphere of 5% COp in air for 72 hr. After in-
cubation, the cells were centrifuged at room temperature in ap IEC clinical
centrifuge and the pelleted cells were washed two times in Ca“%t and Mg“+ free
phosphate-buffered saline (PBS). A drop of each suspension was placed on each
well of an 8-well slide (Roboz Surgical Instrument Co., Washington, D.C.).
Slides were air dired and fixed for 15 min at 4°C in acetone. Fixed slides
were dried and stored at -200C until used.

For immunofluorescence assays, slides were removed from the freezer and
allowed to warm to room temperature. A 1:80 dilution of human anti-EBV (sup-
plied by Dr. W. Henle) serum was prepared in PBS. A 1:10 dilution of normal
human serum that was negative for antibody for EBV was also prepared in PBS,
Five of the wells on each slide were incubated with the 1:80 dilution of human
anti-EBV (VCA titer, 640; early antigen titer, EA, 40). Two of the wells con-
tained the 1:10 dilution of normal serum and the last well was incubated with
PBS alone. All slides were then incubated in petri dishes that contained mois-
tened filter paper at 37°C for 40 min. After the incubation, the slides were
washed two times in PBS (5 min/wash) and once in distilled water. The slides
were air dired. Each well was then covered with a 1:15 dilucion of affinity
purified, fluorescein-labeled goat anti-human IgG (Cappel Laboratorins, Cochran-
ville, PA) or with fluorescein-labeled goat anti-human immunoglobulin contain-
ing Evans blue counterstain {Litton Bionetics, Charleston, SC). The slides
were incubated at 37°C for 40 min, and after incubation, the slides were washed
twice in PBS, once in distilled w~ater and air dried. The slides were mounted
with PBS-glycerin (1 part PES, 9 parts glycerin) and coverslips. The percen-
tage cf cells that were positive for VCA was determined by counting the number
of fluorescing cells in a total of 500 cells in a Leitz fluorescence microscope.

Stimulation of DNA synthesis in BL Cell lines by Plasmodium falciparum

Plasmodium falciparum, normal RBC, and BL cell lines were maintained in
vitro as described above.

Normal RBC or P. falciparum-infected RBC were washed twice in RPMI 1640
medium without serum and resuspended to a 6% suspension in CM-BL.



BJAB, Raji-3, NAB, P,HR-1, and AG876 cells were washed once in RPMI 1640
medium and resuspended in” CM-BL, Viability was determined by trypan blue ex-
clusion, and cell counts were done in a hemacytometer. Each cell suspension was
adjusted to contain 1 X 106 viable cells/ml,

One ml (1 X 10°) of each of the cell lines was mixed with 0.1 ml of one
of the following: a 6% suspension of normal human type O RBC: a 6% suspension
of P. falciparum-infected tvpe O KBC (5% parasitemia or greater); merozoite-
RBC mixture that was prepared from culture supernatants; CM-~BL, or with 0.1 ml
of PHA (2 pg/ml, Sigma, St. Louis, MO0).in (M-BL.

Each test was set up in triplicat: in 16 x 125-mm tissue culture tubes
and incubated for 18 or for 48 hr at 37°C in an atmosphere of 5% €0, in air,
After 18 or 48 hr of incubation, 1 uCi of “H-thymidine (specific activity,
6.7Ci/mmol, ICXN Radiochemicals, Irvine, CA) in 0.1 ml of CM-BL was added to
each culture tube, and the tubes were incubated for an additional 24 or 48 hr
at 37°C in an atmosphere of 5% COy in air.

After incubation with 3H—thymidine, the cells were washed twice in PBS by
centrifugation at 1000 g in the IEC PR-J centrifuge for 10 min at 4°C. The
supernacants were discarded, and the pelleted cells were dissolved in 1N NaOH.
Each suspension was then precipitated in trichloracetic (TCA) acid as described
by Waithe and Hirschhorn, 1979. TCA precipitates were dissolved in Hyamine
hydroxide (New England Nuclear, Boston, MA), and the amount of 3H-thymidine
incorpeorated in to TCA Precipitable protein was measured as counts per minute
(cpm) in a Beckman LS 3133 p liquid scintillation counter.

Coloration due to hemoglobin caused quenching in test cultures that con-
tained RBC. A drop of H,0, wes added to hemoglobin containing cultures to
raduce coloration and quenéhing. H202 had no effect on counts in test cultures
thatdid not contain RBC.

Statistical methods. The mean of triplicate or of duplicate cultures was

calculated for each stimulator tested. Significance was assessed by the two-
tailed paired student t test,




RESULTS

Detection of VCA in Indirect Fluorescent Antibody Assays

VCA expression was slightly increased in AGS76 cells that were incubated
with P. falciparum-infected RBC; however these increases were not significant
(p < 0.1). NRBC did not increase VCA expression above control levels in
AG876 cells (Table I).

VCA expression was increased above control levels in PqHR-1 cells that
were iacubated with P, falciparum (p < 0,05). This was a significant increase
above control levels (Table I). NRBC did not significantly alter VCA
expression in P3HR-1 cells. Cells of the P3HR-1 line were frequently
observed to be damrged in fixed preparations. The significance of this find-
ing cannot be assessed at present, because whether or not lytic virus pro-
duction was increased in P3HR-1 cells under the conditions employed was not
determined in this study,

VCA was not detected with any stimulator in Raji-3 or in NAB cells.
Incorporation of 3H—thymidine into BL Cell Lines Incubated with P. falciparum

NRBC and P. falciparum-infected RBC increased 3 ~thymidine incorporation
in Raji-3, NAB, and in P3HR-1 cells (Table I%) when “H-thymidine was added
after 18 hr of incubation. The increase in “H-thymidine incorporation above
control levels was most dramatic in the Raji-3 cell line where stimulation
indices were 2.69 and 3.25 for NRBC and P. falciparum-infected RBC,
respectively (Figure 1), These increases are very significantly different
from control levels with P < 0.01 for Raji cells incubated with NRBC when com-
pared to the RPMI controls and p < 0.001 for Raji cells incubated with
P. falciparum-infected RBC. The difference between the counts obtained for
P. falciparum-infected cells incubated with Raji-3 and the counts obtained
when NRBC were incubated with this cell line is also statistically significant
(p < 0.01). Even the crude merozoite preparation which is contaminated with
RBC increased 3H—th_vmidine incorporation above control levels in Raji-3 cells
(Table II and Figure 3).

3H—thymidine incorporation was increased above ~ontrol levels in NAB
cells that were incubated with NRBC or with P, falciparum-infected RBC
(p 5 0.01 and p < 0.05, respectively). There were no significant differences
in H-thymidine incorporation tetween NRBC and P. falciparum stimulators in
NAB cells (Table II), B

Though 3H—thymidine incorporation was increased above control levels in
P3HR-1 cells that were incubated with NRBQ or with P. falciparum-infected RBC,
there were no significant differences in ~“H-thymidine incorporation between
NRBC and P. falciparum stimulators in P3HR-1 cells.

Counts per minute recorded for AGE76 and P, falciparum as stimulator did
not differ significartly from cpm recorded for AG876 cells with RPMI alone.



Though cpm for AGS76 cells and NRBC were lower than those recorded for AG876
cells and RPHI and for AGS876 cells and P, falciparum, the differences were
not significant (g < 0.1).

Incorporation of 3H—thymidine was depressed in BJAB cells (EBV-negative
BL) when these cells were incubated with NRBC, P. falciparum-infected cells,
the crude merozoite preparation, or with PHA (Table II). The lowered counts
in BJAB cells with P. falciparum as stimulator different significantly from
cpm for BJAB and RPMI (p < 0.01). The stimulation index was 0.83 for
P. falciparum-infected RBC and BJAB. Though all other test stimulators
lowered cpm for BJAB cells, the differences between tests and controls were not
significant,

Quenching due to coloration caused by hemoglobin was a problem in pre-
liminary expgriments that were designed to measure DNA synthesis in BL cell
lines after “H-thymidine incorporation., Results from an experiment where BL
cell lines wgre incubated with the various stimulators for 48 hr prior to the
addition of “H-thvmidine are shown in Table III. The results presented in
this table indicate that quenching due to hemoglobin is a serious problem in
assays where RBC or lvsates of RBC are used. Standard deviations greater
than 20, of the mean cpm were recorded for some cultures (Table III). Vari-
ations in the cpm greater than 15 to 207 of the mean are indicative of
technical errors or contamination (Bradley, 1980). 1In these studies, these
variations are indicative of hemoglobin induced quenching. The following cpm
were recorded for triplicate cultures of Raji cells and RPMI: 10,555; 11,364
and 12,939, When Raji-3 cells were incubated with P. falciparum-infected cells,
the following cpm were recorded: 7094; 10,022 and 14,660. The standard
deviation of the first set of counts with RPMI alone is 1444, or 12.6% of the
mean of 11,453, whereas the standard deviation for Raji-3 cells and
P. falciparum is 3815 or 369 of the mean of 10,592, H202 was added to all
aemoglobin containing cultures after preliminary cxperiments showed that it
reduced quenching but did not significantly alter cpm (Table IV).

Infected RBC nor NRBC contributed significantly to the counts reported in
these studies (Table II),

Rosettes were never observed when P. falciparum-infected RBC or NRBC were
incubated at 379C or at 49C with any of the cell lines tested, Parasites
did not survive the 72-hr incubation with BL cell lines as determined from
Giemsa-stoined thin blood films,
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TABLE I

VCA Expression in BL Cell Lines Incubated
for 72 hr with Plasmodium falciparum

Mean 7 cells fluorescing and
standard error of the mean with

Cell line RPMI NRBC IRBC
LB 0 0 0
Eaii-3 0 0 0
NAB 0 0 0
P5HR-1 0.646 * 0.29 0.69 * 0.36 2.47 £ 0.71%
47276 6.50 6.05 £ 1.43 9.53 + 0.87°

aTheg statistic for two means was calculated. No signifi-
cent diZferences were found between NRBC and RPMI in P4HR-1;
acwever, the difference between the mean percentage for P3HR-1
incubated wich P. falciparum was significantly different from
tre means with RPMI or with NRBC (p < 0.05).

Dp < 0.1.
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A

Tucorporation or J]l~]1l)1nit]lilu
Incubated with 1

TABLE TT

into BL Cell Liney

Tasmodium fal clparumt

Mean epm and standacd crror of the mean _
Cell line RPMI NRBC IRBC Merozoites PHA
BJAB 548,891 + 516,167 * 454,995 + 457,202 + 462,256 *
6,943 27,997 39,376 13,981 1,231
Raji-3 7,531 20,272 * 24,495 + 13,291 + N.D.¢
431 343b 298P 428D
NAB 388,916 * 580,410 + 585,048 + N.D. N.D.
18,318 18,941 10,675
PqHR~-1 231,364 347,743 + 310,931 * N.D. N.D
53,666 9,620
AGB76 211,018 = 194,707 261,948 + N.D. N.D.
18,044 19,876 31,080
NRBC 192 + 60
IRBC 150 = 37
A

Yone x 10% viable cells of
suspension of NRBC, of P. falci
PHA and incubated at 37°C for 18

r IRBC and Raji-3

by < 0.001 fo

CNot done.

each cell line were mixed with 0.1 ml of a 6%
arum-infected RBC (IRBC), merozoites, medium or with

hr prior to the addition of 1 uCi of

3 P < 0.01 for NRBC and merozoites.,

H-thymidine.
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TABLE III

Incorporation of JH—Thymidine into BL Cell Lines
Incubated with Plasmodium falciparum for 48 hr

Mean cpm and staundard error of rhe mean"”

of NRBC, P, falciEarum infected RBC, crude merozoitr
PHA and incubated at 37°C for 48 hr prior to the ad

bResults are expressed as mean cpm * the standard error of
cate cultures except for AG876 tests which were performed in

duplicate.

es preparation, medium or with
dition of 1 uCi of 3H—thymidine.

the mean of tripli-

Cell line RPMI NRBC IRBC Merozoites PHA
BJAB 436,071 + 253,077 + 208,268 * 308,961 * 578,351 *
56,959 94,755 42,390 49,636 48,921
Raji-3 11,453 * 9,962 * 10,592 + 13,049 6,604 %
834 1,378 2,203 2,633 244
AG876 124,470 + 172,007 * 140,384 + 131,609 * 137,626 #
32,765 14,471 39,740 14,615 15,856
“One x 106 viable cells of each line were mixed with 0.1 ml of a 6% suspension



TABLE IV

Effect of Hp07 in Reducing Queunching in Test Cultures

Test cpm
BAJB + NRBC 437,480 133,475
BJBA + RPMI 538,979 549,079
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IREC NRBC Mero RPMI

Stimulator

Figure 1. Stimularion indices for Raji cells
incubated with NRBC, IRBC, or with merozoites.
The stirculation index was calculated by divid-
ing the cpm of Raji cells with a stimvlator by
the cpa of cells in RPMI alone.
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DISCUSSION

Since BL was first described in Ugandan children by Burkitt in 1961,
malaria has been postulated to be a factor in the development of this
rare malignancy. Kleia (1979) suggested that malaria may act as an
environmental promoter of BL formation in malaria-endemic areas of Africa
by promoring the proliferation of precancerous EBV-infected B lymphocytes.
The experiments described in this report were designed to investigate
in vitro the inreractions between the human malaria parasite, P. falciparum
and the EBV iv BL. - ’

Plasmodium falciparum increased the expression of VCA in the lytic
virus producer cell line, P3HR-1, at 37°C. This cell line was not
maintained at 34°C nor were the cells starved to enhance virus production.
On the other hand, P. falciparum had no effect on VCi eynthesis in the
cell line that produces transforming virus, i.e., AG876.

The results obtained with P3HR-1 and ¥. falciparum are indeed
significant because EBV may remain latent indefinitely in the B lymphocytes
of humans who have recovered from primary EBV infection (Thorley-Lawson,
198C). T lymphoctes prevent the malignant outgrowth of these infected
cells (Thorley-Lawson, 1980; Whittle et al., 1984). Phytohemagglutinin
increased EBV early antigen expression in Raji cells and other mitogens
activate latent viruses (Tovey et al., 1979). The P. falciparum-induced
increase in VCA synthesis in P3HR~1 cells observed in this study may
indicate increased EBV synthesis. Increased synthesis of EBV during
Plasmodium infection may be the cause of increased anti~EBV capsid antigen
antibody titers that have been recorded in children in Africa who later
develop BL (de The et al., 1978). 1In Africa, development of BL coincides
with the development of maximum antibody titers to Plasmodium
(Morrow et al., 1976).

The most significant increases in DNA synthesis above control levels
in BL cell lines as determined from 3H~thymidine incorporation were in
Raji-3 cells that were incubated with NRBC or with P. falciparum-infected
RBC. Only in this cell line did P. falciparum-infected RBC significantly
increase DNA synthesis above the level observed for NRBC. This result
irdicates that P. falciparum has a specific effect om Raji-3 cells;
however, the effect of P. falciparum or of NRBC oun the latent EBV genome
in Raji cells rannot at this point be determined. The Raji cell line is an
African BL line that contains latent EBV. These cells do not produce VCA;
therefore, activation of virus by either of the two stimulators could
not be determined in this study. EBV DNA in Raji cells replicates during
the early S phase of the cell cycle when host cell DNA is also replicating
(Gussander and Adams, 1984). Studies are now being designed to determine
quantitatively whether or not EBV DNA replication accounts for some of
the increased 3H—thymidine incorporation observed in Raji-3 cells.
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The highly significant increases in DNA synthesis observed in Raji-3
cells with P. falciparum and with NRBC may also indicate that Raji cells
are more efficient antigen presenters than are the cells of the other
BL cell lines. B cell tumcrs can function as antigen presenters (Chestnut et
al., 1982),

All BL cell lines that contain the EBV genome except AG876 cells
increased their DNA synthesis with NRBC and with P. falciparum-infected
RBC. For NAB and P3HR-1 cells, the differences between NRBC and
P. falciparum stimulators were not significant. Only one type O positive
donor of normal RBC was used for all of the studies described in this
report. The responses obsarved may be to type O positive RB( antigens
Oor to some other RBC constituent. White blood cells could not have caused
the stimulation observed as RBC were aged before use and buffy coats were
removed during the first and second RBC washes. Cpm for NRBC and for
P. falciparum-infected RBC suspensions were well below background
levels. Future studies with hemoglobin and with RBC ghosts should
elucidate the significant phenomenon of RBC-induced proliferation in
BL cell lines.

Though proto-onc genes have not been shown to cause cancer in humans
(Duesberg, 1985), BL cell lines have been shown to contain translocations
involving chromosome 8 and chromosumes 14, 2, and 22 which carry the genes
for immunoglobulin synthesis (Taub et al., 1982). Chromosome 8 contains
the myc gene whose transcription in normal cells is related to the rate
of cell division (Stewart et al., 1984). 1In addition to the myc gene, BL
also contains an activated Blym-1 gene. This gene shares sequence
homology with transferin (Diamond et al., 1984). The Blym-1 gene frcm BL
cells transforms NIH3T3 cells (Diamond et al., 1983).

The results presented in this report have clearly shown that P. falciparum
influences EBV synthesis of capsid antigen. They also show that NRBC
and P. falciparum can cause even more rapid proliferation in rapidly
proliferating cells, Clearly, additional studies are needed to define the
roles of RBC or RBC constituents and of P, falcipazum in cell proliferation,
The relationship of these factors ro protooncogene expression and
cell proliferation requires further study.
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