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Viral Inhibition of the Phytohemagglutinin Response 
of Human Lymphocytes and Application to 

Viral Hepatitis* (33628) 

F. Th. C. WILLEMS,' J. L. MELNICK, AND W. E. R A W L ~  
Department of Virology and Epidemiology, Baylor University College of Medicine, 
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Several viruses have been demonstrated to 
multiply in human leukocytes cultured in vi- 
tro (1-6). Some require the addition of a 
mi togenic substance such as phytohemagglu- 
tinin (PHA) ( 2 ,  6, 7 ) ,  while for others the 
mitogenic substance is not essential, but does 
enhance viral replication in the leukocyte 
cultures. Lymphocytes obtained soon after 
birth from infants with congenital rubella are 
usually unresponsive to the mitogenic stimu- 
lation of PHA (8-10). In vitro rubella virus 
inhibits the blastogenic response of normal 
lymphocytes to several mitogens (9, 10). The 
purpose of the present study was to deter- 
mine whether the effect of viruses on the 
mitogenic response of lymphocytes might 
provide a method of detecting and assaying 
viruses which do not produce cytopathic 
changes in tissue culture systems. In  addition 
to investigating a number of known viruses, 
we attempted to detect a transmissible agent 
in serum or leukocytes from patients with 
viral hepatitis, Hodgkin's disease, and chron- 
ic lymphatic leukemia. 

Materials and methods. Viruses. Primary 
African green monkey kidney (GMK) cells 
were used to prepare stocks of poliovirus type 
1 (Mahoney strain), echovirus 11 (Greg- 
ory strain), mumps virus (a fresh laborato- 
ry isolate), vesicular stomatitis virus (VSV) 
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(Indiana serotype) and reovirus type 3 
(CAN 246 strain). A stock of simian virus 40 
(SVSO) (Baylor strain) (11) was prepared 
in CV-1 cells. Stocks of influenza A (PR/8 
strain), influenza A2 (Japan 305 strain), in- 
fluenza B (Lee strain), Newcastle disease vi- 
rus (NDV) (California strain), Sendai virus 
(52 strain) and Sindbis virus (Ar 339 strain) 
were prepared in the chorioallantoic cavity 
of 11 day embryonated eggs. Herpes simplex 
virus (KOS strain) and vaccinia virus (WR 
strain) stocks were prepared in primary rab- 
bit kidney cells. Stocks of human adenovirus 
type 2 (a  fresh isolate), type 7 (LL strain) 
and type 12 (Huie strain), and their satellite 
viruses (types 1-3) were prepared in human 
embryonic kidney cells. Wart virus was ob- 
tained ]by making a 10% extract in distilled 
water of excised human specimens. The virus 
stocks were tested and found to be free of 
m ycoplasma. 

V i ~ u s  assays. Poliovirus. VSV, vaccinia vi- 
rus and reovirus were assayed by the plaque 
counting method on BSC-1 cells using a sin- 
gle agar overlay. Sindbis virus and NDV 
were assayed similarly using primary chick 
embryo fibroblast ; the adenoviruses were 
plaqued in human embryo kidney cells. The 
SV40 virus was assayed by the plaque count- 
ing method using GMK cells. Herpes sim- 
plex virus was assayed by the plaque count- 
ing method using primary rabbit kidney 
cells and an overlay containing methylcellu- 
lose. Echovirus 11 was assayed by cytopa- 
thic effect in GMK cells. Wart virus and 
adeno-associated satellite viruses were as- 
sayed by the particle count method in the 
electron microscope. The remaining viruses 
were assayed in GMK cells by the hemad- 
sorption technique. 

Culture media. Tissue culture cells used 
for preparing virus stocks and for assay were 
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grown in Melnick’s medium A or Eagle’s 
medium supplemented with fetal calf serum, 
10% ; sodium bicarbonate, 0.7 5 g/liter ; peni- 
cillin, 100 units/ml; and streptomycin, 100 
&ml. Maintenance medium consisted of 
Eagle’s medium supplemented with fetal calf 
serum, 2 % ; sodium bicarbonate, 1 .SO g/liter; 
and antibiotics. Agar overlay medium for the 
plaque counting method contained Bacto 
agar, Eagle’s medium, fetal calf serum, 10% ; 
sodium bicarbonate, 2.2 5 g/liter ; neutral 
red, and antibiotics. For assay of herpes virus, 
the agar in the overlay was substituted with 
methocel 270 (Fisher Scientific). Plaquing 
was performed in 60-mm plastic petri dishes 
and the cultures were incubated in 5% COZ 
in air. Leukocytes were cultured in Eagle’s 
medium containing twice normal concentra- 
tion of glutamine, heat inactivated fetal calf 
serum, 20% ; sodium bicarbonate, 2.2 5 g/liter ; 
penicillin; and streptomycin. 

Leukocyte cultures. Leukocyte cultures 
from patients with viral hepatitis, Hodgkin’s 
disease, or chronic lymphatic leukemia and 
from healthy donors were prepared as de- 
scribed (9).  The cultures contained approx- 
imately 1 X lo6 leukocytes in 2 ml. Phytohe- 
magglutinin (PHA) -M (Difco, lot 5 10957) 
was diluted 1 : 50 in saline and 0.1 ml of this 
dilution was added to each culture. Cultures 
were incubated at  35” in a humidified atmos- 
phere of 5% CQa in air. At least three cul- 
tures for each virus specimen were harvested 
after 6 days incubation, unless otherwise in- 
dicated. After a 5-hr labeling period with 0.2 
ml of th~rnidine-~H (1 pCi; sp act. 2 Ci/ 
mmole), leukocytes were sedimented by cen- 
trifugation at 1OOO rpm for 15 min and 
washed once in cold Hanks’ BSS. Cold tri- 
chloracetic acid (5%)  was added and the 
acid-insoluble precipitate was sedimented at 
1800 rpm for 2 0  min. The sediment was dis- 
solved in 1 ml of mO.1 M sodium hydroxide and 
again precipitated with 4.5 ml of cold tri- 
chloracet,ic acid 6.7%. The final precipitate 
was dissolved in 0.1 ml of hyamine 10-X 
(Packard Corp.) , mixed with scintillation 
fluid and counted in a Beckman liquid scin- 
tillation counter. Cultures not labelled with 
thymidine-YH served for viability tests, which 

were performed by means of the dye exclu- 
sion method with trypan blue, and for cell 
counts which were performed in a hemocy- 
tometer. Additional cultures were frozen and 
thawed once and used for assay of virus yield 
and passage to fresh leukocyte cultures. 

Donors for leukocyte cultures. Blood Sam- 
ples were taken from healthy donors selected 
from our laboratory personnel. Leukocyte 
cultures from these samples were used for 
replication studies with the known viruses 
and served as controls for other studies. Fif- 
teen patients with clinically diagnosed viral 
hepatitis were investigated. The patients were 
admitted to the hospital with moderate to 
severe jaundice. Their sera contained ele- 
vated bilirubin, glutamic-oxalacetic transami- 
nase, and glutamic-pyruvic transaminase Val- 
ues. Liver biopsy performed on some of these 
patients strongly supported the diagnosis of 
viral hepatitis. Six hospitalized patients with 
diseases other than viral hepatitis also served 
as controls. Blood samples were taken from 
4 patients with Hodgkin’s disease and from 2 
patients with chronic lymphatic leukemia; 
these patients were not receiving treatment at 
the time that the samples were taken for 
leukocyte cultures. 

Results. Dose-response curve for P H A  in 
leukocyte cultures. Because of variation in 
response of human lymphocytes to phytohe- 
magglutinin in vitro (12), a dose-response 
curve of PHA was done in leukocyte cultures 
from 5 donors. Cultures were stimulated 
with PHA when the cultures were prepared 
(day 0) and harvested on day 6 after a 5-hr 
pulse with th~midine-~H. Results as ex- 
pressed in counts per minute (cpm) are 
shown in Fig. 1. A variation in absolute re- 
sponse for leukocyte cultures between the in- 
dividuals is obvious. A maximum response 
was observed in 4 of the 5 preparations at  a 
PHA-M concentration of 0.01 ml/culture, 
which was chosen for further experiments. 
The pattern of DNA synthesis, as detemined 
by uptake of th~midine-~H, was examined 
daily starting on day 3 using a PHA concen- 
tration of 0.01 ml/culture. The results of this 
experiment are shown in Fig. 2. A peak of 
DNA synthesis is demonstrated on day 6 ,  
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PHA CONCENTRATION (ml /CULTURE 1 
FIG. 1 .  The effect of PH.4 concentration on the 

DN.4 synthesis of leukocytes from 5 separate don- 
ors. 

which agrees with the results of Moorhead 
and co-workers ( 1 3 ) .  Because of dying poly- 
morphonuclear cells, the total number of leu- 
kocytes in the cultures drops until day 3 and 
then gradually increases until day 6. Some 
cultures reached the same number of cells or 
even more than originally present in the cul- 
tures. Cells on day 6 proved to be at  least 
80-90c/o “blast cells” when stained smears 
were examined. Leukocyte cultures not stimu- 
lated with PHA showed minimal DNA 
synthesis and the numbers of spontaneous 
“blast cells” were always less than 10%. In 
the unstimulated cultures, total number of 
cells dropped until day 6, and the viability in 
these cultures was approximately 50%. Data 
obtained from triplicate cultures of leu- 
kocytes from 67 donors were used to deter- 
mine the variability of the test; values ex- 
ceeding t 40% were significant a t  the 95% 
confidence limits. 

The inhibition of the lymphocyte response 
to P H A  by RN.4 viruses. The effect on the 
blastogenic response of lymphocytes to PHA 
of representative RXA viruses belonging to 
the picornavirus, myxovirus, paramyxovirus, 
arbovirus, rhabdovirus, and reovirus groups 
was examined. In  addition, efforts were made 
to determine if viral replication was neces- 

sary to produce the inhibitory effect. Cultures 
were inoculated with 0.2 ml of the undiluted 
virus suspension and the cultures were har- 
vested after 6-days incubation according to 
the procedures described in “Materials and 
Methods.” Then 0.2 ml of the harvest was 
passed to a series of fresh cultures from an- 
other donor. Two to three serial passages 
were made, and virus yield and DNA synthe- 
sis of the cells determined at  each passage. 
Poliovirus type 1 and echovirus 11 inhi- 
bited I’HA stimulation of the leukocyte cul- 
tures, and the effect could be passed to fresh 
cultures (Table I ) .  These 2 viruses replicated 
in the leukocytes, a finding which confirms 
observations reported by others (14, 15). 
The decreased DNA synthesis in the infected 
cultures could not be accounted for by de- 
creased cell survival. The mean DNA synthe- 
sis of infected cultures in 15 experiments 
with poliovirus was 7170 less than in control 
cultures while mean viable cells in the infect- 
ed cultures were 38% less than in control 
cultures. Vesicular stomatitis virus inhibited 
the incorporation of thymidine-“H and repli- 
cated well in the leukocytes; however, the 
virus was cytopathic to the cells ( 3 ) .  Reovi- 
rus type 3 was also cytotoxic and the inhibi- 
tion of DNA synthesis could be serially 
transferred although viral replication was not 
demonstrated by the method employed. 
Mumps virus replicated in the stimulated 
leukocyte cultures without producing a 

DAYS OF INCUBATION 

FIG. 2. The DNA synthesis and cell survival in 
leukocyte cultures containing 0.01 ml of PHA/cul- 
ture. 
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marked decrease in DNA synthesis or cyto- 
toxicity ( 2 ) .  Influenza A, influenza B, Sendai 
and Newcastle disease viruses suppressed 
the response of the lymphocytes to PHA 
when the viruses were initially added at  a 
high multiplicity of infection ; however, these 
viruses appeared to replicate poorly and the 
inhibition of the DNA synthesis by the vi- 
ruses could not be serially passaged. Control 
tissue culture fluids, chorioallantoic fluids, 
and serial passage materials from uninfected 
frozen and thawed leukocyte cultures failed 
to produce a suppression of the blastogenic 
response of the lymphocytes. 

The inhibition of the lymphocyte response 
to PHA by  DNA viruses. The results of 
similar experiments using DNA viruses are 
shown in Table 11. Dramatic inhibition of 
DNA synthesis was observed in cultures ini- 
tially infected with herpes simplex virus and 
vaccinia virus; however, only vaccinia virus 
replicated sufficiently for the effect to be seri- 
ally passaged. As reported by Miller and En- 
ders (6) ,  cell survival in vaccinia-infected 
cultures was reduced, accounting for the de- 
creased DNA synthesis. Similarly, decreased 
cell survival in herpesvirus-infected cultures 
was proportional to decreased th~midine-~H 
incorporation. Slight inhibition of the PHA 
response of the lymphocytes was also ob- 
served in cultures initially infected with 
adenovirus type 12 and with the 3 types of 
adeno-associated satellite virus. Virus was 
recovered from cultures infected with SV40 
and the human adenoviruses; however, the 
virus recovered on serial passage may rep- 
resent surviving inoculum and not newly syn- 
thesized virus ( 16). 

The PHA response of the lymphocytes was 
suppressed by the addition of wart virus 
particles. The mean inhibition of 15 experi- 
ments using 10-200 virus particles/cell was 
40% while extracts of warts treated similarly, 
but not containing virus particles, suppressed 
incorporation of t h ~ i d i n e - ~ H  by only 7%. 
No evidence of replication of wart virus could 
be detected by electron microscopic examina- 
tion of 6 day harvest material, and the inhi- 
bition of the blastogenic response of the lym- 

phocytes was not present on serial passage 
(Table 11). 

Evaluation of the inhibition of the P H A  
response of lymphocytes in diseases of sus- 
pected viral etio2ogy. To determine the lym- 
phocyte response in viral hepatitis, the re- 
sponsiveness to PHA of lymphocytes from 
patients with hepatitis was measured. Also 
the inhibitory effect of serum from hepatitis 
patients on lymphocytes from normal donors 
was studied. Leukocyte cultures from pa- 
tients with serum and infectious hepatitis, 
from patients with diseases other than viral 
hepatitis and from healthy donors were 
prepared as described in “Materials and 
Methods.” The cultures were harvested after 
3 and 6 days of incubation. The DNA syn- 
thesis of the cells after 3 days of incubation 
was significantly less in leukocyte cultures 
from hepatitis patients than from patients 
with other diseases or from healthy donors 
(Fig. 3 ) .  This was observed in all leukocytes 
obtained from patients during the first 6 days 
after the onset of jaundice. Leukocytes col- 
lected later in the course of the illness did 
not regularly show this effect. Statistical an- 
alysis using the Student t test revealed the 
hyporesponsiveness of the cells collected dur- 
ing early illness to be significantly different 
from the controls ( p  = < .Ol). The DNA 
synthesis of the leukocytes from patients and 
healthy donors was essentially the same af- 
ter 6 days of incubation. Sera from the don- 
ors with viral hepatitis were tested for the 
presence of the SH antigen associated with 
serum hepatitis ( 1 7 ) .  There was no correla- 
tion between the presence of the antigen and 
the hyporesponsiveness of the lymphocytes 
after 3 days of incubation. 

Evidence of viral activity was also sought 
by determining the degree of inhibition of 
the PHA response of lymphocytes from nor- 
mal donors by adding 0.2 ml of undiluted 
acute phase hepatitis serum to the leukocyte 
cultures and harvesting for analysis of DNA 
synthesis after 6 days of incubation. The 
mean inhibition of DNA synthesis produced 
by hepatitis sera in 10 experiments was 69% 
while sera from healthy donors in 8 experi- 
ments resulted in a mean inhibition of 56%. 
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FIG. 3 .  The response to PHA of leukocytes from hepatitis patients and healthy donors; DNA 
synthesis after 3 days of incubation; (+) indicates the presence of SH antigen in the patient's 
serum. 

Normal serum inhibits the PHA response of 
lymphocytes (18) and the difference between 
the inhibition by the hepatitis sera and con- 
trol sera was not significant. 

Cultures which yielded an inhibition of 
DNA synthesis produced by adding serum 
from hepatitis patients to cells from normal 
donors were tested for the presence of a seri- 
ally transmissible agent. SH antigen- 
containing sera from 2 patients with serum 
hepatitis, 2 sera from patients with infectious 
hepatitis, and sera from 2 healthy donors 
were added to leukocyte cultures from heal- 
thy donors. The cultures were incubated for 
6 days, and the DNA synthesis was deter- 

mined in half of the cultures while the re- 
maining cultures were frozen, thawed, and an 
aliquot was transferred to fresh leukocyte 
preparations. The results, shown in Table 
111, demonstrate that the inhibition of re- 
sponsiveness to PHA following the initial ad- 
dition of sera could not be serially trans- 
mi t ted . 

Hodgkin's disease and chronic lymphocytic 
leukemia are two acquired diseases which 
are associated with an impaired response of 
the lymphocytes to PHA (19 ) .  Experiments 
designed to detect a transmissible agent 
which would confer the unresponsiveness to 
normal lymphocytes consisted of incubating 

TABLE 111. PHA Rcspoiise of Leukocyte Culturcs Tiioculatcd with Viral Hepatitis S c m  and 
Effect of Serial Passages. 

S 1 )CY i I i i c 11 I 1111 i 1 )i t i o I 1 111 11 i bi t i o 11 Jnliibition Iiiliibi tioii 
Specinleu 110. (%) initial (yo)  pass:ige 1 (%)  passage 2 (%) passage 3 

Seruni hepatitis 1 - 68 +I1 -14 + a  
2 -85 -10 + 5  NT 

Infectious hepatitis 1 - 83 + 16 - 7  NT 
2 - 79 + 7  - 6  + I 3  

Serum control 1 -1 1 + 10 -15 + - r  
3 - 14 - 5  + a  NT 
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Patients with Hodgkin’s Disease and Chronic. 
Lymphocytic Leukemia and from Healthy Donors. 

RNA, DNA, and protein synthesis (10). In  
addition, the DNA synthesis of leukocyte cul- 

Expt. Donor Initial response Passage tures stimulated with pokeweed mitogen and 
the specific antigens of diphtheria-tetanus 
toxoids are inhibited by addition of the virus 
(10). 

2i,400 
Control 53,915 3(i,586 
Hodgkin 711” 

. ,  
The results of the experiments reported in 

this study indicate that the inhibition of the 
hlastogenic response of human lymphocytes 
is not a universal property of all human vi- 
ruses. Inhibition of the blastogenic response 
was limited primarily to polio, echo, influ- 
enza A, VSV, Sendai, reo, vaccinia, and her- 
pesviruses. Replication of viruses and serial 
transmission of the inhibitory effect occurred 
only with viruses which replicate in the cyto- 
plasm of the cell. As exemplified with mumps 
virus, viral replication was not necessarily 

TIodgkin 1220 26,168 

Control BG,O-i’i 2.5,85 1 
Hoilgkin 1389 2 1,979 

Chronic lyinphocytic 8705 t i  1,024 

Control 27,102 3 1,852 
5.,391 

Clironic 1ynil)liocytic 106 9 1,c,:i5 

~ ~ , ~ ; : ~ ~  

3‘i~013 
Control 42,448 39,l 20 

leu kern i a, 

Control 59,292 

leukcinin 
Control 11,977 

Hoilgkin 4691 

a Counts per minute. 

leukocytes from patients and from healthy 
donors for 6 days in the presence and ab- 
sence of PHA. Aliquots of frozen and thawed 
cultures were then used to inoculate fresh 
cultures of leukocytes from healthy donors. 
The results of the DNA synthesis as deter- 
mined by thymidine-:<H incorporation in 
these experiments are shown in Table IV.  
The leukocytes from the patients with 
Hodgkin’s disease and those with chronic 
lymphocytic leukemia responded poorly to 
the blastogenic stimulation of PHA. These 
data confirm the observations of others using 
“blast transformation” and thymidine-:{H in- 
corporation ( 19). The unresponsiveness of 
the lymphocytes could not be transmitted to 
normal leukocytes. 

Discussion. Phytohemagglutinin stimulates 
the transformation to blast-like cells of lym- 
phocytes from the thymus-dependent, periph- 
eral lymphoid compartment. The mechanism 
of this stimulation is unknown; however, un- 
responsiveness of lymphocytes to PHA has 
been correlated with defective cellular im- 
mune function associated with several dis- 
eases (20). Infants with congenital rubella 
may have lymphocytes which fail to respond 
to PHA during the active phase of their dis- 
ease (8-10). Rubella virus added to normal 

associated with the dramatic inhibition of the 
blastogenic response. The inhibition of DNA 
synthesis as measured by thymidine-3H in- 
corporation could be accounted for by cyto- 
pathic effect for such viruses as VSV, reovi- 
rus, and vaccinia virus; however, poliovirus 
and echovirus did not destroy the lympho- 
cytes to a sufficient degree to account for the 
observed depression of thymidine-“H incorpo- 
ration. 

Mella and Lang ( 2 1 )  reported that the 
number of cells undergoing PHA-stimulated 
mitosis was reduced in leukocyte cultures de- 
rived from patients with infectious hepatitis. 
Our findings indicate that leukocytes from 
hepatitis patients are hyporesponsive when 
stimulated with PHA. This effect was ob- 
served in leukocytes obtained early in the 
illness (first week of jaundice) and was de- 
tected only in cultures harvested after 3 days 
of in vitro cultivation. This observation re- 
mains unexplained and appears to represent 
an alteration in the metabolic response of the 
circulating lymphocytes since thymidine in- 
corporation of these cells was normal after 6 
days of in vitro cultivation. Alteration of the 
pattern of RNA and DNA synthesis follow- 
ing stimulation with PHA has also been ob- 
served in leukocytes from patients with 
chronic lymphatic leukemia ( 2 2 ) .  The hy- 
poresponsiveness observed could be induced 
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by a factor present in the plasma, since it is 
known that alpha globulin, a component of 
normal plasma, inhibits the response of lym- 
phocytes to PHA ( 18). I t  is also known that 
plasma globulins are altered during viral he- 
patitis. The hyporesponsiveness of the leu- 
kocytes from the hepatitis patients, however, 
proved to be unaltered when sera from 
healthy donors or from hepatitis patients 
were added to the cultures, indicating that 
the inhibitory mechanisms reside within the 
cells. 

The inhibition of the I’HA response of 
lymphocytes as a technique for assaying or 
detecting viruses appears to be of limited 
usefulness. A high multiplicity of infection is 
required to produce inhibition of the blasto- 
genic effect for viruses which fail to replicate 
in leukocytes. Few of the viruses tested repli- 
cated adequately in the leukocytes to pro- 
duce inhibition of the blastogenic response on 
serial passage. Attempts to demonstrate a 
transmissible inhibiting agent in specimens 
containing wart virus, sera from hepatitis pa- 
tients, and leukocytes from patients with 
Hodgkin’s disease and chronic lymphocytic 
leukemia were unsuccessful. 

Summary. The PHA-stimulated leukocyte 
cultures from healthy donors were inoculated 
with representatives from picornavirus, pi- 
codnavirus: arbovirus, myxovirus, paramyxo- 
virus, rhabdovirus, reovirus, adenovirus and 
papovavirus groups. Cultures were harvested 
after 6 days of incubation and assayed for 
virus multiplication and for DNA synthesis 
of the leukocytes by uptake of th~midine-~H. 
Virus replication and inhibition of the PHA 
response of the lymphocytes by these viruses 
were limited primarily to viruses which repli- 
cated and assembled in the cytoplasm of the 
cell. Leukocytes from 15 patients with viral 
hepatitis were studied, and in 8 of them the 
cells were hyporesponsive to FHA stimulation 
after 3 days of incubation. This pattern was 
observed in all samples taken within the first 
week after onset of jaundice. Sera from pa- 
tients with viral hepatitis when added to nor- 
mal leukocyte cultures showed some inhibi- 
tion of the PHA response, but the effect could 
not be serially passed to fresh cultures. The 

same pattern was obtained with human wart 
virus preparations. Leukocytes cultured from 
patients with Hodgkin’s disease and with 
chronic lymphocytic leukemia were also hy- 
poresponsive to PHA stimulation, but again 
the inhibitory effect was not transmissible to 
normal leukocyte cultures. 

The authors appreciate the assistance of Dr. Char- 
les Douglass in collecting clinical specimens, Dr. J. S. 
Butel for supplying and assaying warts, SV40 
and adenoviruses, Dr. Wade Parks for supplying the 
adeno-associated satellite viruses, and Dr. Stuart 
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tests were kindly performed by Dr. Alfred Prince, 
S e w  York. Patricia Hill and Diane Steward 
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Dietary Cholesterol and Serum Cholesterol-Esterifying 
Activity in Rabbits* (33629) 

IBERT C. WELLS AND EDWARD L. KONCONE~ 

Omaha, Nebraska 68131 
Departincnt of Biochcntistry, Cwighlof i  Univcrsity School of Mcdicine, 

Sperry (1) was the first to demonstrate 
that blood serum contains a cholesterol- 
esterifying enzyme. I t  is a liver produced ( 2 )  
acyltransferase and the P-position of lecithin 
is the source of the required acyl groups 

The activity in plasma of this enzyme, 
phosphatide: chloesterol fatty acid trans- 
ferase, is increased in essential fatty acid 
(S), pantothenic acid and choline deficient 
rats (6)  and decreased in inositol deficient 
rats (6) .  In  these vitamin deficiency states, 
the increased activity of the enzyme is ac- 
companied in male rats by increased concen- 
trations of cholesterol esters in the tissues 
(6) .  

These observations suggest that the choles- 
terol-esterifying enzyme in plasma may serve 
an important role in the process of choles- 
terol ester deposition in the tissues. We have 
sought additional evidence for this concept 
by determining the change of activity of the 
enzyme in the serum of cholesterol-fed rab- 
bits. Increased enzyme activity was observed 
accompanied by increased concentrations of 
cholesterol esters in some of the tissues. 

Methods. Twelve rabbits, equally divided 
as to sex, with body weights in the range 
2.5-3.0 kg were obtained from a commercial 
supplier. Two of the animals were used for 

*Supported in part by Grant (P-365 A) from the 

1 Career Development Awardee (5-KO3-AM25401). 

(3 ,4) .  

American Cancer Society to E. L. R. 

the determination of the normal tissue choles- 
terol concentrations. Blood samples were ob- 
tained from an ear vein of each of the re- 
maining animals at the start of the experi- 
ment and 5 days later. During this time the 
animals were fed a pelleted rabbit chow. 
Sera from these blood samples were analyzed 
to obtain control levels of cholesterol and 
cholesterol-esteri f ying activity . 

After the second blood samples were ob- 
tained, the rabbits were given the pelleted 
chow onto which cholesterol had been de- 
posited from an ether solution to give a 
cholesterol concentration of 0.7 g/lOO g of 
diet. The animals were continued on this diet 
for 6 weeks and blood samples were ob- 
tained, as above, at  weekly intervals and the 
sera were analyzed for cholesterol and choles- 
terol-esterifying activity. At the end of the 
cholesterol feeding period, the animals were 
anesthetized, killed by exsanguination and 
samples of tissues were removed and frozen 
on dry ice. They were subsequently analyzed 
for their contents of cholesterol. 

The activity of the cholesterol-esterifying 
enzyme in 0.50 ml of each serum sample was 
determined as previously described (6 )  using 
as substrate 2.0 ml of normal, heated rabbit 
serum containing cholesterol-1 C ~ - ~ H . ' ~  Enzyme 
activities in the fresh experimental sera were 
expressed as dpm converted to cholesterol 
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