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A B S T R A C r Plasma fronm patients with primary type
IV or V hyperlipoproteinemia inhibited [3H]thymidine
incorporation by cultured nmononuclear leukocytes. This
previously unreported abnormality affected mononu-
clear leukocytes from patients with type IV or V hyper-
lipoproteinemia and from normal subjects. Patient cells
incorporated [3H]thymidine normally when washed
and incubated in medium containing normal plasma.
Both spontaneous incorporation and stimulated incorpo-
ration in response to various mitogens and antigens
were inhibited. The inhibitory effect was identified with
the chylomicron and very low density lipoprotein frac-
tions isolated from plasma and was concentration-de-
pendent. Lectin used to stinmulate cultured cells and
[3H]thymidine used to measure responses were not
bound to the lipoproteins in appreciable amounts. ['H]-
Thymidine incorporation correlated well with morpho-
logic evidence of lymphoproliferation. The mechanism
of the inhibitory effect of type IV or V hyperlipopro-
teinemic plasma upon the response tested was not iden-
tified but may be related to interaction between lipo-
proteins and the cell membranes. We suggest that these
lipoproteins may also interfere with the function of
other cells.

INTRODUCTION
Primary type IV hyperlipoproteinemia is characterized
by elevated plasma concentrations of very low density
lipoproteins (VLDL) ' and is associated with an in-
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1 Abbreviationis used in this paper: MNL, mononuclear
leukocytes; MNLX, irradiated mononuclear leukocytes;

creased risk of atherosclerosis (1, 2). Type V hyper-
lipoproteinemia is characterized by elevated plasnma
levels of VLDL and chylomicrons and is associated
with an increased risk of developing l)ancreatitis (3).
An undue susceptibility to infections or manifestations
of imnmunologic impairment have not been associated
with either lipid transport disorder.

Wewish to report that plasma from patients having a
type IV or type V hyperlipoproteinemic pattern inhibits
proliferation by cultured mononuclear leukocytes
(MNL) when stinmulated with mitogens or antigens.
This inhibition was identified with both VLDL and
chylomicrons; patient lymphocytes responded normally
after they were waslhed and then cultured in medium
containing normal plasma.

METHODS
10 patients with type IV and 10 patients with type V
primary hyperlipoproteinemia (Table I) were studied. The
type of hyperlipoproteinemia was determined by standard
diagnostic criteria (4). Obesity, hypertension, and diabetes
mellitus were present in several of these patients; athero-
sclerotic vascular disease was common among patients with
a type IV pattern. These patients gave no history of unusual
susceptibility to infections. A normal capacity for delayed
cutaneous responses (2 10 mm of induration) was estab-
lished in patients skin-tested with Cantdida albicants (Hollis-
ter-Steir, Inc., Spokane Wash.) and with streptokinase-
streptodornase (Lederle Laboratories, Div. of American
Cyanamid Co., Pearl River, N. Y.) antigens. Healthy
young male volunteers donated normal blood. All blood
was collected in heparinized syringes. Normal plasma in
most experiments was from one healthy individual (O.
D. T.) and contained < 170 mg/100 ml cholesterol and
< 80 mg/100 ml triglyceride; plasma from a second healthy
young male with similar low concentrations of cholesterol

PHA, phytohemagglutinin-M; VLDL, very low density
lipoproteins.
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TABLE I

Clinical Data on Patients

Type IV Type V

Number of patients 10 10
Age (mean4SD) 45.548.7 46.9±8.7
Males: females 3:7 5:5
Patients with obesity 6 6
Patients with hypertension 4 6
Patients with diabetes mellitus 6 3
Patients with atherosclerotic

vascular disease 4 1
Patients with delayed cutaneous

responses/subjects tested 5/5 4/4
Plasma triglyceride, mg/100 ml

Mean±SD* 571±+186 2,609+1,179
Range 336-844 778-4,440

Plasma cholesterol, mg/100 ml
Mean±-SD 211±-62 379±-99
Range 105-312 220-487

* Normal values: triglyceride 10-190 mg/100 ml, cholesterol
120-265 mg/100 ml.

and triglyceride was used in a few experiments without
appreciable change in results.

Plasma triglycerides and cholesterol were quantitated
with an AA-2 AutoAnalyzer (5) (Technicon Instruments
Corp., Tarrytown, N. Y.). Chylomicrons were separated
under sterile conditions from patient plasma by centrifuga-
tion in cellulose nitrate tubes for 5.67X 10' g-min at 10°C
in a Beckman L2-65B ultracentrifuge with a SW 50.1
swinging bucket rotor (Beckman Instruments, Inc., Spinco
Div., Palo Alto, Calif.) (6). The chylomicron layer was
then transferred with a needle and syringe into polypropy-
lene tubes. VLDL were similarly isolated from plasma by
ultracentrifugation for 2.38 X 10' g-h (7); chylomicrons
were removed before VLDL from type V plasma. VLDL
were separated from 500 ml of normal plasma, obtained
by plasmapheresis from a single donor, concentrated with
a membrane filter (Amicon Corp., Lexington, Mass.), and
resuspended in fresh autologous plasma. This plasma con-
centrate of normal VLDL contained 1.008 g/100 ml triglyce-
rides and 248 mg/100 ml cholesterol. Lipids were extracted
from a mixture of chylomicrons and VLDL isolated from
type V hyperlipoproteinemic plasma with chloroform-metha-
nol (2:1) (8). Chylomicrons, VLDL, or extracted lipids
were thoroughly mixed with normal plasma before addition
to the culture medium.

MNLwere separated from heparinized blood by floatation
on Ficoll-Hypaque (9). Triplicate cultures were prepared
in flat-bottomed microtiter plates (Linbro Chemical Co.,
New Haven, Conn.) and incubated for 7 days (except where
specified otherwise). Our leukocyte culture technique, the
preparation of mitogens and antigens, and the method em-
ployed to measure [3H]thymidine incorporation have been
described elsewhere in detail (10-12). Proliferative stimuli
tested included phytohemagglutinin (PHA) (Difco Labor-
atories, Detroit, Mich.), pokeweed mitogen (Grand Island
Biological Co., Grand Island, N. Y.), dialyzed C. albicans
and freshly reconstituted streptokinase-streptodornase. Stim-
ulation in the mixed leukocyte reaction was with 2 X 105
MNL-lymphocytes per culture shortly after exposure to

2,500 R of X-irradiation. [3H] Thymidine incorporation in
unstimulated cultures was recorded directly. Net incorpo-
ration was recorded in stimulated cultures after subtracting
spontaneous incorporation in paired unstimulated cultures.
Proliferative responses to both C. albicanis and streptococcal
antigens were measured and the higher net incorporation
was recorded as the representative response to soluble
antigens.

PHA was labeled with '25I (Na 'SI, Amersham/Searle
Corp., Arlington Heights, Ill., sp act approximately 14
mCi/,gg I) by the chloramine T procedure (13). Labeled
PHA was dialyzed against phosphate-buffered saline until
the dialysis fluid was free of radioactivity. The dialyzed
'II-PHA contained 1,269 cpm/tg protein, measured by the
Lowry method.

RESULTS
Type V and type IV hyperlipoproteinemic plasma and

[WH]thymidine incorporation. In our culture system,
plasma comprises 25% by volume of the medium. The
effect of substituting allogeneic plasma for autologous
plasma upon ['H]thymidine incorporation was first
evaluated with MNL and plasmas from healthy sub-
jects. Incorporation was compared in unstimulated cul-
tures and in cultures stimulated with PHA, allogeneic
irradiated MNL (MNL.), and soluble antigens. In 10
experiments, there was no significant difference in in-
corporation when MNLwere cultured with autologous
or allogeneic normal plasma.

Similar experiments were performed on 10 patients
with a type V hyperlipoproteinemic pattern. Cultures
were prepared concomitantly on patient MNLand MNL
from a healthy subject. Paired cultures were set up on
each cell preparation with patient plasmiia and with
normal plasma in the medium. Brisk incorporation oc-
curred in stimulated cultures of washed patient and
normal MNLwhen cultured in medium that contained
third-party normal plasma (Fig. 1). Incorporation was
significantly less when the medium contained type V
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FIGURE 1 Comparison of [3H] thymidine incorporation by
MNL from patients with type V hyperlipoproteinemia and
healthy subjects in culture medium containing type V hy-
perlipoproteinemic or normal plasma.
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TABLE I I
Inhibitory Effect of Patient Plasma and Lipoprotein Fractions Added to Normal Plasma upon

Mixed Leukocyte Responses (Mean 4SEMof Five Experiments)

Type IV plasma Type V plasma

Plasma Mixed leukocyte Plasma Mixed leukocyte
Plasma in medium triglycerides response* Pt triglycerides response Pt

mg/100 ml cpm mg/100 ml cpm
Patient 670±+86 14,2004±6,100 < 0.05 2,600 ± 1,483 1,000±1500 <0.01
Patient minus lipoproteins§ 157±8 49,100410,600 204+50 23,200+3,900
Normal 64±6 86,400+8,300 72±44 49,100±11,200
Normal plus lipoproteins§ 1,270±249 3,400±1,600 <0.001 1,900±931 4,50041,700 <0.05

* [3H]thymidine incorporated.
$ Student t test.
§ VLDL in type IV; chylomicrons and VLDL in type V.

hyperlipoproteinemic plasma (P < 0.01, Wilcoxon rank
sum test). Incorporation in unstimulated cultures was
also significantly less in medium with patient than with
normal plasma (P < 0.01). Similar results were ob-
tained with MNLand plasma from 10 patients with a
type IV hyperlipoproteinemic pattern.

Lipoprotein concentration and [IH] thymidine incor-
poration. [3H]Thymidine incorporation by MNLfrom
healthy subjects was evaluated in the MLR. Incorpora-
tion was compared in a medium that included (a) type
IV or type V hyperlipoproteinemic plasma, (b) the
same patient plasma from which most chylomicrons
and/or VLDL had been removed, (c) normal plasma,
or (d) the same normal plasma to which lipoprotein
fractions isolated from the hyperlipoproteinemic plasma
had been added. ['H]Thymidine incorporation was sig-
nificantly less when the culture medium contained
whole patient plasma than when the medium contained
the same plasma minus most of its chylomicrons and/or
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FIGURE 2 The relationship between concentration of VLDL
or chylomicrons, in milligrams per 100 ml, added to culture
media and [3H]thymidine incorporation by MNL from
healthy subjects. PWM, pokeweed mitogen; MLR, mixed
leukocyte response.

VLDL (Table II). Responses were significantly greater
with normal plasma than with the same normal plasma
plus chylomicrons and/or VLDL.

Chylomicron and VLDL fractions isolated from pa-
tient plasma were added to normal plasma and lipo-
protein concentrations varied by dilution with normal
plasma. The relationship between triglyceride concen-
trations in test plasma preparations and [3H]thymidine
incorporation in response to PHA, PWM, and allo-
geneic MNL. stimulation is shown in Fig. 2. Responses
are expressed as percent incorporation recorded by the
same MNLwhen cultured with normal plasma. Incor-
poration was inversely related to triglyceride concen-
trations. At a triglyceride concentration of 1.008 g/
100 ml, VLDL from normal plasma inhibited these
responses like VLDL from patient plasma.

Inhibition of lymphoproliferation by VLDL and chylo-
mizicrons. Paired cultures of MNLfrom healthy subjects
were incubated for 3 days in medium that included type
V hyperlipoproteinemic or normal plasma. Responses
to PHA stimulation measured by [3H]thymidine in-
corporation and percentages of transformed lymphocytes
were compared. Transformation as well as incorporation
was significantly less with patient plasma than with nor-
mal plasma (P < 0.01). Hemocytometer white cell
counts performed daily through 7 days of incubation
were similar in unstimulated MNL cultures that con-

tained patient or normal plasma. Lipid extracted from a
VLDL-chylomicron mixture and added in high concen-
trations to medium did not inhibit mitogen- or antigen-
stimulated [3H]thymidine incorporation by normal MNL.

To evaluate the possibility of significant binding of
PHA and [3H]thymidine to the lipoproteins, medium
was prepared in the usual fashion with type V hyper-
lipoproteinemic and with normal plasma. 'I-PHA and
['H]thymidine were added separately in proportions
used in MNLcultures. After thorough mixing and 18 h
of incubation, the lipoproteins were removed by ultra-
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centrifugation and passed over an agarose gel column,
and the radioactivity in the lipoprotein fraction was de-
termined. The results indicated that less than 0.005% of
the lectin and unappreciable amounts of [3H]thymidine
remained with the lipoproteins.

DISCUSSION
This study presents evidence that plasma from patients
with type IV or V hyperlipoproteinemia decreases pro-
liferation by cultured lymphocytes. The reduction of
[3H]thymidine incorporation by cultured MNL stimu-
lated with mitogens or allogeneic leukocyte antigens was
quantitatively related to the concentration of VLDL or
chylomicrons added to the culture medium. Others have
shown that ['H]thymidine incorporation correlates with
DNA synthesis by cultured lymphocytes (14). Low
[3H]thymidine incorporation in stimulated cultures that
contained hyperlipoproteinemic plasma correlated with
a reduction in lymphoblastogenesis in the present study.
Additional experiments showed that the phenomenon
observed was not due to shortened survival of cultured
MNL or to complexing of PHA or [3H]thymidine to
lipoproteins. The most likely explanation for this new
observation is that elevated concentrations of VLDL or
chylomicrons in culture medium inhibit lymphoprolifera-
tion. Our data do not indicate whether these lipoproteins
interfere with lymphocytes, macrophages, or both.

The mechanisms involved in the inhibition of lympho-
proliferation by these lipoprotein fractions were not de-
fined. Preliminary evidence indicates that 2I-VLDL
binds to the mononuclear cell, as has been observed else-
where with cultured fibroblasts (15). Perhaps chylomi-
crons and VLDL inhibit lymphoproliferation by inter-
fering with events at the cell membrane level, presum-
ably by steric hindrance, preventing the normal interac-
tion between stimulus and cell membrane. Alternatively,
the composition and properties of the cell membrane may
be altered in the presence of the hyperlipidemic plasma.
It is also possible that these lipoproteins are internalized
by cells (16), where they may alter metabolic processes.
Studies are in progress to determine the mechanisms
that produce the effects reported here and to determine
whether the intact lipoprotein or the lipid or apoprotein
constituents are responsible. The effect of VLDL or
chylomicrons upon lymphoproliferation in vitro is re-
versible by washing patient MNL and then culturing
them in medium that contains normal plasma.

Plasma from patients with other disorders has been
reported to inhibit proliferative responses by cultured
lymphocytes. These disorders include chronic mucocu-
taneous candidiasis (11, 17), solid tumors (18, 19), pri-
mary tumors of lymphoid tissues (20, 21), and systemic
lupus erythematosus (22).

Proliferation by sensitized lymphocytes in response to
antigens is a normal correlate of delayed hypersensi-

tivity (23). Impaired lymphoproliferative responsiveness
occurs frequently with various immunodeficiencies (21,
24-26). Abnormal plasmas with a type IV or V lipopro-
tein pattern may interfere with other immune responses
as well, particularly those that involve lymphocyte pro-
liferation (27). The concentration of plasma in our cul-
tures is about half the normal concentration of plasma in
the blood. Since inhibition of [3H]thymidine incorpora-
tion by VLDL or chylomicrons is concentration de-
pendent, plasma from patients with type IV or V hyper-
lipoproteinemia may be a more potent inhibitor of im-
mune responses within the circulation than in our in
vitro culture system.

Patients with primary type IV or V hyperlipoproteine-
mia are not clinically immunodeficient. Since lipoproteins
are macromolecules (28), plasma lipoproteins may be
largely confined within the vascular bed, analogous to
macroglobulins (29). Immune reactive cells outside the
circulatory bed may not be exposed to the high concen-
trations of lipoproteins present in plasma. The immuno-
biological significance of our findings may, therefore,
relate only to the intravascular compartment.

The possibility of interference with normal immune
mechanisms within the vascular bed is suggested by our
data. Viral-induced changes in the smooth muscle of
blood vessels may have a role in the atherogenic process
(30, 31). Perhaps patients in whom the immune process
within blood vessels is suppressed have greater suscep-
tibility to viral-induced changes in the walls of arteries.

If lipoproteins interfere with interactions between pro-
liferative stimuli and MNLmembranes, it is also pos-
sible that lipoproteins interfere with other important
events at the cell surface level (such as hormone bind-
ings). Interference of this type may also involve other
cells, such as those that comprise vascular endothelium.
The consequences of such alterations of cell membrane
function may be highly relevant to the pathogenesis of
clinical disorders (such as atherosclerosis) associated
with type IV or V primary hyperlipoproteinemia.
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