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Summary. We have shown previously that in infected HEL cells varicella-zoster virus
(VZV) causes a shift from polar to neutral lipid synthesis and that some strains of the virus
depressed total lipid synthesis. In this report we show that VZV produces a similar effect on
the lipid metabolism of infected human embryonic kidney cells. The pattern of lipid synthesis
in human embryonic kidney cells infected with either of two strains of influenza type A virus
was similar to that of control uninfected cells, whereas the greatest difference and the pattern
closest to that seen with VZV was produced by influenza type B strains. These findings are
discussed in light of the association of prior infections with influenza B virus and chickenpox
and the subsequent development of Reye’s syndrome.

Introduction

Reye’s syndrome, characterized by pro-
jectile vomiting, cerebral edema, and fatty
infiltration of the viscera [1], follows several
virus infections but especially influenza B
and chickenpox [2]. There is currently no
accepted mechanism to explain the develop-
ment of these symptoms. Since one of the
prominent symptoms is a change in lipid
metabolism in the affected children, we pre-
viously had examined [3] the effect of eleven
isolates of varicella-zoster virus (VZV), the
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herpesvirus that is the etiologic agent of
chickenpox, on lipid metabolism of human
embryonic lung (HEL) cells infected in vitro.
We demonstrated that all isolates produced a
shift from polar lipid synthesis to neutral
lipid, especially triglyceride, synthesis when
the relative amount of label incorporated
into separated components was analyzed.
When the total amount of lipid synthesis was
analyzed, the eleven isolates fell into two
groups: strains which depressed total lipid
synthesis in the infected cells and strains that
did not significantly depress and sometimes
stimulated total lipid synthesis.

We now have expanded these studies to
include strains of influenza virus, both type A
and type B. Since influenza virus grows best
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in epitheloid cells [4], we have used human
embryonic kidney (HEK) cells. Initial exper-
iments demonstrated that VZV strains pro-
duce similar modifications of lipid metabo-
lism in HEK and HEL cells. The two tested
strains of influenza type A did not signifi-
cantly change the pattern of lipid synthesis in
infected cells from that seen in uninfected
control cells. The greatest modification in
lipid metabolism and the pattern closest to
that seen in VZV-infected cells was detected
with the two influenza tvpe B strains.

Materials and Methods

Cell Cultures

HEL and HEK cells (Whittaker M.A. Bioprod-
ucts. Walkersville. Md.. USA) were grown and main-
tained in Eagle’s MEM supplemented with 3. fetal
calf serum. 3 newborn calf serum. 0.2°- NaHCOs.
100 U penicillin per milliliter and 100 ug streptomycin
per milliliter (Gibco Laboratories. Grand Island.
N.YL USA)

Firuses

The VZ\ strains were described in detail previ-
ously [3]. Briefls. PV and HS strains were isolated
from clinical specimens in our laboratory. and Ellen
was obtained from Dr. P. Brunell (University of Texas
Health Sciences Center. San Antonio. Tex.. USA).
These viruses are maintained as cell-associated virus
in HEL cells and were used at the passages indicated
in the experiments.

Allinfluenza virus strains were obtained from Dr.
Fred Rubin (University of Pittsburgh Graduate
School of Pubiic Health. Pittsburgh. Pa., USA). These
included: A England (10/21/74) (A-ENG). A/Port
Chalmers(3 17.77)(A-PC), B/ Massachusetts (8/26/
74)(B-Mass). and B/Hong Kong (12/24/79) (B-HK).
Virus stocks were prepared in HEK cells and used as
cell-free virus.

Lipid Studies

Lipid studies were performed as previously de-
scribed [3] with several modifications. HEK or HEL
cells were grown in tubes instead of multiwell cluster

plates. For the VZV studies, infected cells served as
the inoculum: cell-free influenza virus was used.
Time sequences for incorporation of [I-'*C]-acetate
(NEN Research Products, DuPont, Boston, Mass.
USA) varied with each experiment and are presented
as the experiment is described. Infected or control
cultures were assayed independently as follows: four
tubes for label incorporated into lipids, two tubes for
total protein content, and two tubes for virus yields.

Extraction of Lipid
This modification of the Bligh and Dyer proce-
dure [S]has been described in detail previously [3].

Chromatography of Neutral Lipids

One-dimensional chromatography on Whatman
(Clinton, N.J.. USA) silicia gel loaded paper (SG81)
has been described in detail previously [3].

Protein Analyvsis

The method of Lowry et al. [6] with bovine serum
albumin as the standard was used to determine the
amount of protein present in each culture.

Virus Yields

Yields of VZV were determined by an infectious
center assay as previously described [7]. The yields of
influenza virus were determined by hemagglutination
with chicken erythrocytes [§].

Results

Comparison of Lipid Metabolism in

HEK and HEL Cells Infected with VZV

Initial experiments were designed to de-
termine if the lipid metabolism in HEK cells
infected with various strains of VZV was
similar to that detected previously in HEL
cells. HEL cells were grown in twelve multi-
well cluster plates as previously described
[3]: HEK cells were purchased growing in
tubes. Infected HEL cells served as the inoc-
ulum. Infected cultures were incubated at
37" for 24 h to permit virus to spread from the
inoculum to the HEK or HEL cells. '“C-ace-
tate was added at a concentration of 2 uCi/
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Table 1. Comparison of lipid metabolism in HEK and HEL cells infected with various strains of VZV:
analysis of relative percent of '“C-acetate incorporated into each lipid component

Lipid component Virus® (passage)

none HS (7) PV (8) PV (26) Ellen (9)
HEL cells
CE 16.2+1.2 10.1£0.8 8.9+0.6 9.5+£1.3 8.7+0.1
TG 52.4+4.6 48.8+ 1.8 39.5+1.8 64.1+3.5 524+1.7
FA 11.2+1.3 8.8+ 1.0 10.2+0.4 94+14 6.5+0.8
CH 11.3+4.2 18.5+3.6 1852 515 9.8+1.3 154+3.2
DG 89+1.9 13.7+3.4 23.9+5.1 72423 169+2.3
N 26.7+0.9 29.3+0.5 30.2+0.7 37.0x 1.1 32.7+04
P 73.3£0.9 70.7+0.5 69.8+0.7 63.0x 1.1 67.3+£0.4
HEK cells
CE 1.9+0.6 3.0£2.2 4.9+0.8 45104 3.9+0.1
TG 183£1.0 175 +2.1 12.6+2.0 38.7+3.3 28.6+1.4
FA 6.7+0.7 6.5+0.5 5:1+£0.5 8.0+1.1 4.6+0.7
CH 52.0+4.7 52.0+£39 59.5+3.3 36.2+4.2 S1.8+1.9
DG 21:F+ 5.5 21.1+£0.6 17.9+3.6 12.6+0.9 11.2+2.4
N 35171 2.2 25.4+2.7 19.4+2.6 392+1.2 39.0+4.5
P 64.3+2.2 74.6+2.7 80.6£2.6 60.8+1.2 61.0+4.5

CE = Cholesterol ester; TG =triglyceride; FA=free fatty acid; CH =cholesterol: DG =diglyceride:

N =total neutral lipids; P=total polar lipids.
4 For virus history see Materials and Methods.

ml and was maintained in the cultures for 24
h. Cultures were harvested as previously de-
scribed [3]. There was no significant differ-
ence in virus yields between VZV strains.

Table | presents the relative percent anal-
ysis of lipid synthesis. In this analysis, the
total amount of label incorporated into lipid
is taken as 100%. This amount is separated
into neutral or polar lipid. The total amount
of neutral lipid (100%) is divided further into
the various components including choles-
terol ester, triglyceride, free fatty acid, cho-
lesterol, and diglyceride. Table | presents the
mean + standard deviation of four indepen-
dently assayed cultures for each value.

The results in HEL cells are similar to

those reported previously [3]: there is an in-
crease in the relative percent of neutral lipid
synthesis as compared to polar lipid synthe-
sis; there is the expected increase in the rela-
tive percent of triglyceride synthesis espe-
cially with PV passage 26 and Ellen.

The relative percent of synthesis of indi-
vidual lipid components in uninfected con-
trol HEL and HEK cells is different. How-
ever, similar changes are detected in the
VZV-infected HEK cells as compared to the
control cells, namely an increase in neutral
lipid (especially triglyceride) synthesis.
Again, the change is marked more with PV
passage 26 and Ellen than that with HS or PV
passage 8.
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Table 2. Comparison of lipid metabolism in HEK and HEL cells infected with various strains of VZV:
analysis of counts per minute of *C-acetate incorporated into each lipid component per microgram protein

Lipid component Virus* (passage)

none HS (7) PV (8) PV (26) Ellen (9)
HEL cells
CE 43+0.5 3.5+0.2 33103 0.5+0.1 1.7+0.2
TG 13.8+0.9 178 £2.2 149+1.3 34+03 10.1£1.6
FA 3.0x04 3.1+0.5 3.8+0.2 0.5£0.1 1.3+£0.3
CH 3.0+1.2 6.4=x1.1 6.6+2.0 0.5+0.1 29+0.4
DG 22405 4114 9.5+£1.9 0.4+0.1 32+0.7
N 26.4x 1.5 349+3.6 37.6+1.9 53+0.3 19.1£2.4
P 729+£6.6 84.0£7.4 86.9+5.5 9.1£0.5 39.3+4.5
T 99.3+£7.9 1189+11.0 124.4+7.2 144+0.7 58.4+69
HEK cells
CE 1.1£0.6 2619 4.5+0.5 0.6x0.1 1.0x+0.1
TG 10619 15.1+£2.6 11.6x1.8 52+0.2 7.9+0.8
FA 3.8+0.6 5.5+0.8 4.7+0.2 1.1£0.2 1.2+0.3
CH 30.8+7.6 44322 55.0£6.0 49+1.0 143+1.0
DG 10.1=4.1 174+1.7 14.8+3.2 157:£0.2 3.0+£09
N 386125 85.6£6.6 92.1£5.7 135x1.5 27.5£24
P 1049=16.2 254.0x31.4 391.0£73.6 209=+1.4 44.5+10.2
F 163.5+28.0 339.6+£33.0 483.1£76.7 344+28 R £122

CE =Cholesterol ester: TG=triglvceride: FA=free fatty acid: CH=cholesterol; DG =diglyceride;:
N =total neutral lipids: P=total polar lipids: T =total lipid.

For virus history see Materials and Methods.

Table 2 presents the analysis of the
amount of lipid synthesis in each culture. To
obtain these values, the amount of label in-
corporated into each lipid component is di-
vided by the average of two independently
assaved cultures for protein levels. This is
given as counts per minute per microgram
protein. In this experiment, there was more
protein in the HEL cells as compared to the
HEK cells (371 vs. 139 ug) because of the
different volume of the multiwell cluster
plate and the tubes, but there was no signifi-
cant difference between infected and control
values.

In HEL cells, as noted previously [3], two
types of VZV strains are detected by this type
of analysis: HS stimulatgs the incorporation
of label into all lipid components, whereas
Ellen depresses the level of incorporation
into all components, although the depression
of triglyceride synthesis is not as marked. The
amount of label incorporated into cells infec-
ted with PV depends upon the passage of
virus; PV passage 8 stimulates incorporation,
whereas PV passage 26 depresses the level of
incorporation. Experiments are in progress
to characterize the reason for this change.
However, early and late passages of PV serve
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Table 3. Comparison of lipid metabolism in cells infected with various strains of VZV and influenza virus:
analysis of relative percent of '*C-acetate incorporated into each lipid component

Lipid component Virus* (passage)

none PV (6) PV (30)
CE 2.0+04 4.1+0.3 5.3+0.8
TG 4.5+0.3 89+23 128+ 1.9
FA 3.0£0.1 32+1.0 39+0.4
CH 68.1+4.1 57.9+10.3 43.6+t4.2
DG 224+44 26.0x10.7 344+438
N 45.0%1.7 452+1.8 41.4+0.7
P 55.0L£ 17 558+1.8 58.6+0.7

A-ENG A-PC B-MASS B-HK
CE 2.1+04 1.5+0.3 1.7£0.2 24+0.7
TG 7.8+3.3 48+4.5 6.5+2.5 10.8+4.5
FA 29+0.7 2.5+0.6 32+09 39+1.4
CH 57.6+9.0 46.1 5.7 70.4+7.3 57.2+13.0
DG 29.6 5.7 45.1£1.0 18.3+4.7 25.7x11:2
N 48.2+3.5 49.3+3.1 42.4+2.8 38.7+1.9
P 51.8+3.5 50.7+3.1 57.6+2.8 61.3+1.9

For explanation of lipid components see table 1.
4 For virus history see Materials and Methods.

as good examples of stimulation and depres-
sion of lipid synthesis and were used as con-
trols in later experiments.

The pattern of incorporation of label into
infected HEK cells parallels the pattern seen
in HEL cells: HS and PV passage 8 stimulate
the level of incorporation, whereas Ellen and
PV passage 26 depress the amount of label
incorporated. Again, the synthesis of triglyc-
eride is less affected by the strains that de-
press incorporation. These results demon-
strate that HEK cells are a suitable cell line to
use in the influenza studies. Since these re-
sults also demonstrated that the volume of
cells growing in tubes was adequate for these
analyses, all other experiments used cells
grown in tubes.

Comparison of Lipid Metabolism in
HEK Cells Infected with Strains of
Influenza Virus

The same types of experiments as de-
scribed above were performed in HEK cells
with the four influenza virus strains. Early
and late passages of PV virus were inoculated
as previously described [3] to serve as con-
trols of the two patterns detected with VZV.
Influenza virus strains were inoculated as
cell-free virus and allowed to adsorb for | h.
No label was added for the first 6 h to permit
the infected cells in the VZV inoculum to
attach and for virus to spread. “C-acetate
was added 6 h after inoculation. At 30 h
postinoculation, the cultures were harvested



144

Jerkofsky/Dority

Table 4. Comparison of lipid metabolism in HEL cells infected with various strains of VZV and influenza
virus: analysis of counts per minute of *C-acetate incorporated into each lipid component per microgram of

protein

Lipid component Virus® (passage)

none PV (6) PV (30)
CE 4.3+0.7 7.2+£0.7 2.1+04
TG 9.6+1.4 15.6+4.2 5.0+0.9
FA 6.4+0.8 57x1.7 1.5+£0.2
CH 145.6 £ 16.6 101.6x17.0 16.9+2.3
DG 46.4x10.2 34.6+20.6 13.7+1.1
N 218.7#&20.5 176.3+9.4 38.7+2.1
P 261.9+29.8 2139+ 15.6 548+3.1
T 457.7£48.1 390.3x+21.0 93.5+5.1

A-ENG A-PC B-MASS B-HK
CE 43=x08 34+05 27+£0.5 2.0%+0.6
TG ISHE489 10.3+8.7 1074 531 8.8+4.0
FA 6.0=x1.0 516 £41k0 52420 3213
CH BS54 4.7 105.0£19.6 1124+9.6 48.5+16.5
DG 56.0x£14.3 100.8£6.3 244495 21.7+8%
N Rejrddel k32 2259+17.4 160.8 £ 16.5 83.4+13.2
P 2273 E29:3 232.1 £16:% 222.5+47.3 131.3+124
T 441.4+66.6 458.1+£19.3 383.3£63.6 214.7+£24.8

For explanation of lipid components see table 2.
For virus history see Materials and Methods.

and processed as previously described [3].
Thus, the cultures were pulsed for 24 h. The
same distribution of cultures was used: four
independently assayed cultures for lipid an-
alysis, two independently assayed cultures
for protein analysis, and two cultures for
virus yield.

The results of relative percent analysis are
presented in table 3. In this experiment, there
was no increase in the relative percent of
triglyceride synthesis in either VZV-infected
culture, although each VZV strain increased
the relative percent of neutral lipid synthesis.
Both influenza type A strains showed a slight

increase in the relative percent of neutral
lipid synthesis but the increase in the rate of
triglyceride synthesis was minimal. In con-
trast, neither influenza type B strain showed
an increase in the relative percent of neutral
lipid synthesis although there was some in-
crease in the rate of triglyceride synthesis.
Table 4 presents the results of analysis of
counts per minute of '“C-acetate incorpo-
rated per microgram protein. The VZV
strains reacted as previously described. PV
passage 30 produced a marked reduction in
the amount of label incorporated. The label
incorporated in PV passage 6 infected cells
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was similar to that of control, uninfected
cells. The level of triglyceride synthesis was
stimulated in PV passage 6 infected cells and
still relatively high in PV passage 30 infected
cells.

The pattern of incorporation of label into
lipid was not changed by infection of HEK
cells by either strain of influenza type A.
However, both strains of influenza type B
produced some modification. B-HK showed
the greatest difference; the pattern resem-
bled the pattern with PV passage 30. The
pattern with B-Mass was not as depressed as
with B-HK.

In these experiments, the average
amounts of protein present in the influenza
cultures ranged from 66 to 80 ug; control
uninfected HEK cells contained an average
of 68 ug. In the VZV cultures, in which infec-
ted cells served as the inoculum, the average
protein levels were 120-148 ug. Both strains
of VZV replicated to a similar titer: 7 x 10°
infectious centers per culture tube for PV
passage 6 and 5.5 x 10° infectious centers for
PV passage 30. All influenza virus strains
produced 2-3 + CPE in the cultures. The HA
titer for B-HK was 1:8; the titer for the other
viruses was 1:2. We have noticed that the
influenza type A strains produced more CPE
than HA units. The chicken erythrocytes
used in these HA determinations may not be
the most sensitive choice for these viruses.

Discussion

In attempting to provide an in vitro model
to study the modifications in lipid metabo-
lism in children with Reye’s syndrome, we
previously [3] had characterized the pattern
of lipid metabolism in HEL cells infected in
vitro with eleven isolates of VZV. In this

study we have expanded these studies to
show that VZV produces similar modifica-
tions in lipid synthesis in infected HEK cells.
We also have determined that influenza type
A virus produces few changes in lipid metab-
olism in infected HEK cells, whereas influ-
enza type B virus produces more changes and
changes more characteristic of VZV. This
may be a significant difference in relation to
the etiology of Reye’s syndrome. Although
influenza type A virus is occasionally asso-
ciated with the development of Reye’s
syndrome [9], more cases follow infections
with influenza type B virus and chicken-
pox [2].

There are fiuctuations, however, in the
rates of Reye’s syndrome development
which have frequently been associated with
influenza type B virus activity. The Centers
for Disease Control have reported a low inci-
dence of Reye’s syndrome for December
1985 through November 1986, although there
was widespread influenza type B virus activ-
ity [10]. The incidence of Reve’s svndrome
following chickenpox was aiso low. Much of
this decline is probably due to the cessation
of aspirin use during the initial iliness [11-13].
However, one other possibie cause is a
change in the genetics of the virus circulating
in the population. We have previously {3]
noted a difference in the ability of eleven
isolates of VZV to modify lipid metabolism.
Similar genetic differences may occur in
strains of influenza virus. A suggestion of
that is seen with the influenza type B virus
strains used here. If there is ar important
genetic component in the detected modifica-
tion of lipid metabolism, influenza virus may
be the system to use, since it is easier to do
genetic studies with the segmented influenza
virus genome than with that of the cell-asso-
ciated VZV.



146

Jerkofsky/Dority

One other possible concern is that our
system of HEK cells is not the most ideal to
use with influenza virus. We wanted to use
human cells, and this appeared to be the best
svstem. However. although all influenza
strains produced 4+ CPE and could be
passed successfully in HEK cells, the HA
titers of the tvpe A strains were consistently
low. Perhaps a different titering system would
improve this.

One other point that supports our use of
this svstem as an in vitro model for Reye's
syndrome is that triglvceride is the lipid seen
in the viscera of affected children [14, 15] and
is the neutral lipid component most in-
creased in VZV-infected cells [3]. As we have
discussed previously [3]. other viruses have
been shown to modify lipid metabolism, but
the detected changes have been primarly
with cholesterol and with phospholipids. In
VZV strains depressing lipid synthesis. a high
percent of all neutral lipid synthesis is triglyc-
eride svnthesis: in data presented here (table
1). 64.1" of neutral synthesis is triglyceride
svnthesis in PV (26) infected cells, and it is as
high as 70"+ in other experiments not re-
ported here.
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