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Abstract—T he effects of n-butyrate and/or 12-O-tetradecanoylphorbol-13-acetate
(TPA) on Raji and P3HR-1 cells were examined using electron microscopy. n-
Butyrate treatment caused a decrease in the number and elongation of surface
microvilli. In addition, well-developed rough endoplasmic reticulum and a marked
decrease in condensed chromatin clumps were observed in the nucleus. The
filamentous structures and nuclear membrane-like structures, which were not
reported previously, appeared occasionally in the nucleus. On the other hand, in
the cells treated with TPA no marked morphological changes were observed except
the higher cytoplasmic:nuclear ratio. n-Butyrate-induced morphological changes
were notinhibited when combined with TPA or retinoic acid. Electron microscopic
studies showed remarkable differences in morphological change in these cells

treated with n-butyrate and/or TPA.

INTRODUCTION

IT HAS been recently reported that the combined
effect of n-butyrate and 12-O-tetradecanoyl-
phorbol-13-acetate (TPA) on Rajicellsresultsina
dramatic increase of Epstein-Barr virus (EBV)
antigen-producing cells [1, 2]. The mechanism of
this induction, however, is unclear. TPA is active
in very low concentrations. This has led to the
assumption that its effects may be mediated
through specific cellular receptors [3-5], while n-
butyrate seems to act through its non-specific
integration into the cell membrane [6].

It has been previously shown that n-butyrate
treatment induced differentiation of Raji cells in
the direction of plasma cells [7, 8]. For further
study, we attempted to determine whether or not
the treatment with a mixture of n-butyrate and
TPA induced the morphological changes of
cellular structures associated with the expression
of EBV antigen.

MATERIALS AND METHODS

Cell lines
The EBV genome-harboring human lympho-
blastoid cell lines, Raji (non-producer) and
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P3HR-1 (producer), were maintained in RPMI-
1640 medium supplemented with 10% fetal calf
serum, penicillin (100 units/ml) and strepto-
mycin (250 ug/ml).

Chemicals

TPA was obtained from Chemical Carcino-
genesis, Inc., Minnesota. trans-Retinoic acid (RA)
and n-butyrate were purchased from Nakarai
Chemicals, Ltd, Kyoto. TPA and RA were
dissolved in dimethyl sulfoxide (DMSO) (2 uM
stock solution) and were stored at -20°C until use,
while n-butyrate was dissolved in distilled water.
Prior to the experiments, a solution was diluted
with the culture medium and used. The final
concentration of DMSO in the culture medium
was less than 0.005%. This amount of DMSO
added to the cultures had no detectable effect on
the cells.

Chemacal treatment

Both Raji and P3HR-1 cells were grown to a
density of 5 X 10° cells/ml, pelleted by
centrifugation and resuspended in the culture
medium contianing n-butyrate (4 mM) and/or
TPA (25 ng/ml). The cells were incubated for 48
and 96 hr with the test substances and then
resuspended in the medium at a concentration of
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1 X 108 cells/ml for subsequent electron micro-
scopic observations and immunofluorescence
tests. To examine the effect of chemicals on
growth of the cells, the number of viable (trypan
blue-excluding) cells was counted at 24,48, 72 and
96 hr with a hemocytometer. Parallel experiments
were carried out with a combination of n-butyrate
(4 mM), TPA (25ng/ml) and RA (1 uM) or
without chemicals as control.

Transmission electron microscopy (TEM)

Electron microscopic studies were carried out as
described previously [9]. The treated cells were
harvested by centrifugation, fixed by adding 2%
glutaraldehyde in 0.1 M cacodylate buffer
(pH 7.2) for 1 hr at 4°C, washed twice with the
buffer and treated with 1% osmium tetroxide for
1 hr. After postfixation the cell specimens were
then dehydrated in a graded series of 30-100%
ethanol, cleared in propylene oxide and embedded
in Epon 812. The preparations were sectioned on
an LKB ultrotome 8800 III. Thin sections were
mounted on coated copper grids, stained with
uranyl acetate and lead citrate, and viewed with a
JEM 100B transmission electron microscope
(JEOL) at 80 kV.

Condensed chromatin clumps were counted by
TEM. Two hundred cells were counted in each

group.

Scanning electron microscopy (SEM)

The specimens were prepared by the same
procedure as described above prior to the
dehydration in ethanol. After critical-point
drying they were coated with gold in a JFC-1100
ion sputter (JEOL) and then examined with a
JSM-35C scanning electron microscope (JEOL)
at 25 kV.

Light microscopy

The cells were examined for morphological
changes under a phase-contrast microscope
(Nikon, Tokyo, Japan).

Immunofluorescence tests

Immunofluorescence was carried out using the
method of Henle and Henle [10]. Rajiand P3HR-
1 cells were exposed to the combination of the
chemicals described above for 48 and 96 hr at
37°C. After incubation a small drop of the
suspension was smeared on a slide glass and
allowed to dry at room temperature. The smears
were fixed with acetone for 10 min and dried at
room temperature. The smears were incubated for
1 hr at 37°C with a 1:40 dilution of standard serum
from a patient with nasopharyngeal carcinoma
[anti-early antigen (EA) titer, 1:1280; anti-virus
capsid antigen (VCA) titer, 1:2560]. The cell

specimens were washed three times with phos-
phate-buffered saline (PBS) and stained with a
1:20 dilution of FITC-conjugated anti-human
IgG for | hr at 37°C. After washing three times
with PBS, a cover slip was mounted on the cell
smears using 20% glycerol in PBS. Each specimen
was examined under a Nikon FT-type
fluorescence microscope. The induction of EBV
antigen-positive cells was examined by counting
EA-positive cells in comparison with controls. A
minimum of 500 cells were counted in each
preparation.

RESULTS

Morphological changes

Untreated cells. Untreated Raji and P3HR-1
cells showed a typical lymphoblastoid morpho-
logy. The cytoplasmic/nuclear (C/N) ratio of
these cells was normal (Figs 1A and 2A). The short
microvilli were distributed over the surface of
each cell (Figs 3A and 4A). The nuclei showed
dense areas of marginated heterochromatin and a
distinct nuclear membrane. The cytoplasm
showed a moderate number of round or elongated
mitochondria, some strands of rough endo-
plasmic reticulum (ER) and numerous ribosomes,
some of which were clustered (Figs 5A and 6A).

Effect of n-butyrate. After 48 hr of incubation
with n-butyrate, the increased amount of the C/N
ratio on both Raji and P3HR-1 cells was observed
by phase-contrast microscopy (Figs 1B and 2B).
The surface microvilli of the cells decreased in
number and increased in length (Figs 3B and 4B).
The surface blebs increased in number. Almost all
of the nuclei had diffuse chromatin with only very
rare condensed chromatin clumps (Figs 5B and
6D), and the condensed chromatin clumps
decreased in number in the treated cells. The
results obtained are presented in Table 1. Seventy-
nine percent of the control Raji and 83.1% of the
control P3HR-1 cells contained more than 10
clumps of condensed chromatin. The cytoplasm
contained an increased amount of well-developed
rough ER (Fig.5B). In the case of Raji cells,
nuclear membrane-like structures (MS) were
occasionally seen in the nuclei {Figs 5C and 6B).
Parallel fibrils, which were occasionally observed
in the untreated cells, were also present in the
cytoplasm (Fig.5F). On the other hand,
occasionally, in the case of PSHR-1 cells unusual
filamentous structures (FS) appeared in the
nucleus. The width of a fiber in the FS was about
10 nm in diameter (Figs 6B and 6C). However, in
the Raji cells these structures were not seen. After
treatment with n-butyrate, in the Rajiand P3HR-
1 cells the cristae and matrix of the mitochondria
were replaced by beaded electron-dense material
(Figs. 5D, 5E and 6F).



Fig. 1. Phase-contrast micrographs showing the morphology of Raji cells 48 hr after compound treatment.
(A4) Untreated cells showing the lower C/N ratio; X560. (B) Cells treated with n-butyrate showing the higher
C/N ratio; X600. (C) Cells treated with TPA showing the higher C/N ratio; X600. (D) Cells treated with n-
butyrate and TPA showing the higher C/N ratio and a projection; X550.
Fig. 2. Phase-contrast micrographs showing the morphology of PSHR-1 cells 48 hr after compound
treatment. (A) Untreated cells showing the lower C/N ratio; X600. (B) Cells treated with n-butyrate showing the
higher C/N ratio and blebs; X600.(C) Cells treated with TPA showing the higher C/N ratio and blebs; X600. (D)
Cells treated with n-butyrate and TPA showing the higher C/N ratio and projections. X500.
Fig.3. Scanningelectron micrographs showing the morphology of Raji cells 48 hrafter compound treatment.
All magnification bars =1 um. (4) An untreated cell showing moderate numbers of microvilli. (B) Cells treated
with n-butyrate showing few elongated microvilli. (C) Cells treated with TPA showing relatively few
microvilli. (D) Cells treated with n-butyrate and TPA showing few elongated microvilli.
Fig. 4. Scanning electron micrographs showing the morphology of PS3HR-1 cells 48 hr after compound
treatment. All magnification bars =1 um. (4) Untreated cells showing moderate numbers of microvilli, (B)
Cells treated with n-butyrate showing few microvilli and blebs. (C) Cells treated with TPA showing moderate
numbers of microvilli. (D) Cells treated with n-butyrate and TPA showing blebs and elongated microvilli.
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Fig.5. Transmission electron micrographs showing Raji cells treated without treatment (4), with n-butyrate
(B, C, D, E and F), with TPA (G) and with n-butyrate + TPA (H) for 48 hr incubation. All magnification
bars =1 um. (4) The cytoplasm contains few mitochondria and low content of rough ER, and the nucleus
contains numerous condensed chromatin clumps (arrow). (B) The cytoplasm contains an increased amount of
well-developed rough ER (arrow head), and a marked decrease in condensed chromatin clumps is seen in the
nucleus (arrow). (C) The nucleus contains MS (arrow). (D) The cristae and matrix of the mitochondria are
replaced by a beaded electron-dense material. (E) Higher magnification of (D). (F) The cytoplasm contains
parallel fibrils (arrow). (G) T he mitochondria are normally present in the cytoplasm. (H) A marked decrease in
the number of condensed chromatin clumps is seen in the nucleus.



Ultrastructure

Fig. 6. Transmission electron micrographs showing P3HR-1 cells treated without treatment (A), with n-
butyrate (B, C and D), with TPA (E) and with n-butyrate + TPA (F) for 48 hr incubation. All magnification
bars =1 pm. (A) The cytoplasm contains few mitochondria and low content of rough ER, and the nucleus
contains numerous condensed chromatin clumps. (B) The nucleus contains unusual FS (arrow) and MS
(arrow head). (C) Higher magnification of (B). (D) The cytoplasm contains an increased amount of rough ER
(arrow), and a marked decrease in condensed chromatin clumps is seen in the nucleus. (E) The cells show the
higher C/N ratio, and the nucleus contains numerous condensed chromatin clumps. (F) The cristae
and matrix of the mitochondria are replaced by a beaded electron-dense material.
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Fig.7. Transmission electron micrographs showing a Raji{A)and a PSHR-1(B) cell treated with n-butyrate +
TPA + RA for 48 hr incubation. All magnification bars =1 pm. (4) The cytoplasm contains an increased
amount of well-developed rough ER, and a marked decrease in condensed chromatin clumps is seen in the
nucleus. (B) The cristae and matrix of the mitochondria are replaced by a beaded electron-dense material.
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Effect of TPA. The increased C/N ratio in both
Raji and P3HR-1 cells treated with TPA was
observed by phase-contrast microscopy (Figs 1C
and 2C). The surface microvilli of the P3HR-1
cells after 48 hr exposure to TPA did not decrease
in number (Fig.4C), while the number of
microvilli on the Raji cells decreased slightly
(Fig. 3C). The cytoplasm of the treated cells did
not contain an increased amount of rough ER
(Figs 5G and 6E) and most of the nuclei in the
P3HR-1 cells contained many small condensed
chromatin clumps (Fig. 6E and Table 1). On the
other hand, the condensed chromatin clumps in
the Raji cells decreased in number (Fig. 5G and
Table 1).

Table 1. Effect of n-butyrate and TPA on condensed
chromatin clumps in human lymphoblastoid cells*

% cells containing more
than 10 clumps of

Cells Treatment condensed chromatin

untreated 79.0

.. n-butyratet 8.5
Raji  Tpat 11.0
n-butyrate + TPA 25.0
untreated 83.1
n-butyrate 7.8

PSHR-1 1p, 90.6
n-butyrate + TPA 67.7

*Cells containing more than 10 clumps of condensed
chromatin were examined morphologically, using TEM
(200 cells were counted in each group).

+4 mM n-butyrate.

125 ng/ml TPA.

Effect of n-butyrate and TPA. The combined
usage of n-butyrate and TPA exerted the same
effect as single treatment of n-butyrate on the
morphological characteristics of the cells (Figs
5H and 6F).

Effect of n-butyrate, TPA and RA. The
morphological changes in the n-butyrate-treated
cells were not inhibited by a combined usage of
TPA and RA (Figs 7A and 7B). These results
described above are summarized in Table 2. The
alterations of the cells treated with the combina-
tions of various compounds described above were
similar for up to 96 hr of incubation.

Effects of various combinations of n-butyrate,
TPA and RA on cell growth

n-Butyrate treatment showed a marked inhibi-
tion of growth of both Raji and PSHR-1 cells
(Figs 8A and 8B). However, when the cells were
grown for 96 hr in TPA, no such inhibition was
seen. The growth curve of the cell after a single
treatment of n-butyrate was not significantly
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Fig. 8. Effect of various combinations of n-butyrate, TPA
and RA on growth of human lymphoblastoid cells. Both Raji
(A)and P3HR-1 (B) cells were incubated at a density of 5X10°
cells/ml. At the time indicated after addition of compounds
the number of viable (trypan blue-excluding) cells/ml was
determined. O Control; 04 mM n-butyrate; A 25 ng/ml TPA;
® 4 mM n-butyrate + 25 ng/ml TPA; A4 mM n-butyrate +
25 ng/ml TPA + 1 uM RA,

different from that of the cells treated with
additional TPA or TPA plus RA.

Induction of EBV antigen

The effect of the compounds on the expression
of EBV-EA was examined by an indirect
immunofluorescence technique. These results
obtained revealed that a combined usage of n-
butyrate and TPA exerted a marked effect on
induction of EA in Raji cells compared to the
untreated control and the single-treated cells of n-
butyrate or TPA, and that the maximum rate of
response obtained was about 50% (96 hr)
(Fig. 9A). The rate of RA inhibition of EA
expression in the Raji cells by the combined use of
n-butyrate and TPA was around 40%. No
dramatic increase of EA-positive cells was
observed in the P3HR-1 cultures treated in
combination with n-butyrate and TPA compared
to cells treated with n-butyrate alone, and the
maximum rate of response obtained was about
48% (48 hr) (Fig. 9B). The treatment of P3HR-1
cells with TPA increased a similar number of EA-
positive cells as the Raji cells described above,
while the inhibitory effect of RA on EA
expression in the P3HR-1 cells by combined use
of n-butyrate and TPA was not seen. The
frequency of EA-positive cells in the untreated
cultures reached a maximum of 0.8% for 96 hr. In
the case of PSHR-1 cells, the inhibitory effect of
RA on EA induction was not seen (Fig. 9B). On
the other hand, in the case of Raji cells a different
pattern of suppressive effect was seen, i.e. the ratio
of EA-positive cells dropped to about 50% of the
untreated control for 48 hr incubation (Fig. 9A).
The results showed that the inhibitory effect of
RA on EA induction was more effective in non-
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Fig. 9. Induction of the EBV-EA in human lymphoblastoid
cells treated with TPA, n-butyrate and RA. Both Raji (4) and
P3HR-1 (B) cells were incubated at a density of 5 X 10°
cells/ml. At the time indicated after addition of compounds,
the number of EA-positive cells was determined by indirect
immunofluorescence. O Control; 04 mM n-butyrate;
A25ng/ml TPA; w4 mM n-butyrate + 25ng/ml TPA;
A 4 mM n-butyrate + 25 ng/ml TPA + 1 uMRA.

producer Raji cells than in producer P3HR-1
cells.

DISCUSSION

It has been recently reported that EBV-EA
induction in Raji cells treated with TPA and n-
butyrate provides a good model for examining
and identifying inducers of EBV antigen [2]. We
examined the effects of the combined usage of n-
butyrate, TPA and RA on human lymphoblastoid
cells by electron microscopy.

In n-butyrate-treated P3HR-1 cells a large
amount of FS was occasionally seen within the
nucleus. The nature and possible significance of
these FS are not known. These structures seem to
be similar to those of the unusual intranuclear
filaments in the circulating lymphocytes of
patients with multiple sclerosis and optic neuritis
{11] but different to those found in the EBV-
infected cells [12] and in the nucleus of Herpes
simplex virus type 2-infected cells [13, 14]. In n-
butyrate-treated Raji and P3HR-1 cells the MS
seen occasionally within the nucleus of both the
cells seem to appear by the unusual growth of
nuclear membrane.

Tralka et al. [15] have previously reported that
sodium n-butyrate caused a reversible decrease in
condensed chromatin clumps in HeLa cells. We
showed a decrease in the number of condensed
chromatin clumps in the n-butyrate-treated
P3HR-1 and Raji cells for 48 hrincubation, while
in the treated cells the viable cells decreased
slightly in number but the EA-positive cells
increased in number (Figs 8 and 9). Since it
seemed possible that the morphological alteration
was related to change in acetylation of histone
[15], these findings suggest that a decrease in

condensed chromatin clumps on n-butyrate-
treated human lymphoblastoid cells may be
associated with an increase in EA induction.

As shown in Table 2, a single treatment of n-
butyrate caused marked morphological changes,
and n-butyrate-treated cells with additional TPA
or TPA plus RA showed the same changes as in
cells treated with n-butyrate alone. The results
indicate that TPA or RA did not inhibit the
changes caused by n-butyrate treatment. n-
Butyrate-treated Raji and P3HR-1 cells seem to be
induced to differentiate into plasma cells (Figs 5B
and 6D) because the treated cells contained an
increased amount of rough ER and showed a
higher C/N ratio. Anisimova et al. [7] have,
however, previously reported that n-butyrate
induced differentiation-related changes in Raji
cells but not in PSHR-1 cells, and that n-butyrate
induced no differentiation-related changes in the
latter cells seemed to be the reason for the
cytopathogenicity of the activated P3HR-1 virus,
capable of turning off host macromolecular
synthesis. Therefore the discrepancy between our
findings and their report may be related to the
difference of EBV-producing ability in these
P3HR-1 cell lines.

TPA has been previously shown to be able to
block or promote differentiation of mammalian
cells [16,17]. However, an inhibitory effect of
TPA on the differentiation of the n-butyrate-
treated cells was not seen at a concentration of
25 ng/ml. Furthermore, since TPA was unable to
promote the differentiation of the cells but able to
cause an increase of EA induction at the same
concentration, the cell differentiation may be
unrelated to EA induction.

We designed an experiment to compare the
inhibitory effect of RA on both Raji and PSHR-1
cells treated with n-butyrate and TPA. The results
obtained supported those reported previously
[18,19]. However, we failed to observe the
characteristic morphological changes in both
Raji and P3HR-1 cells treated with a combination
of n-butyrate plus TPA.

The activation of the viral cycle in Raji cells by
TPA is mediated by the triggering of specific
receptors [20, 21]. On the other hand, that of n-
butyrate acts probably by non-specific insertion
into the cell membrane [6]. These differences in
the mode of action on both of the inducers seem
to be associated with our findings that the
morphological changes after compound treat-
ment were more remarkable in n-butyrate-treated
cells than in TPA-treated cells.
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