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Abstract Previous work in our laboratory indicates that the nuclear matrix protein lamin B is a ‘‘prompt’’ heat
shock protein, which increases significantly when human U-1 melanoma and HeLa cells are exposed to 45.5°C for 5–40
min. Using Western blotting, we found that the lamin B content in U-1 and HeLa cells increased to a greater extent
during post-heat incubation at 37°C than during the heat dose itself. When HeLa cells were heated at 45.5°C for 30 min,
and then incubated at 37°C for up to 7 h, lamin B content was increased significantly (1.69-fold maximum increase at 3
h) compared to unincubated heated cells. Also, thermotolerant HeLa cells showed a greater increase (up to 1.72-fold) in
lamin B content during subsequent heating compared to nontolerant cells. The increase in lamin B content in
thermotolerant cells, or when heated cells were incubated at 37°C, was also observed in U-1 cells. HeLa cells heated in
the presence of glycerol (a heat protector) showed a 1.21–1.72-fold increase in lamin B content compared to cells
heated for 10–30 min without glycerol. In contrast, lamin B content decreased 1.23–1.85-fold when cells were heated
for 10–30 min in the presence of procaine (a heat sensitizer) compared to cells heated without procaine. These data
suggest that lamin B may play an important role in the heat shock response, and that modulation of lamin B content by
heat sensitizers or protectors may play a role in regulation of heat sensitivity. J. Cell. Biochem. 75:620–628,
1999. r 1999 Wiley-Liss, Inc.
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Data from several laboratories indicate that
the nuclear matrix is a target for hyperthermic
cell killing [Warters, 1988; Roti Roti et al.,
1997; Burgman and Konings, 1992]. Several
changes in the organization of the nuclear ma-
trix occur when mammalian cells are heated
[Warters, 1988; Roti Roti et al., 1997; Warters
et al., 1993]. Heat induces aggregation and/or
unfolding of nuclear proteins, some of which
are normally soluble but may co-isolate with
the nuclear matrix after heat-shock [see Roti
Roti et al., 1997, 1998, and references therein].
The increased binding of nuclear proteins to the
nuclear matrix has been suggested to be a re-

sult of protein denaturation, though it is still
unclear as to whether it is the soluble nuclear
proteins or the nuclear matrix proteins which
become denatured. Aggregation of protein to
the nuclear matrix is believed to be associated
with the disruption of cellular metabolism and
ultimately may lead to cell death [Roti Roti et
al., 1997; Burgman and Konings, 1992]. On the
other hand, the nuclear matrix itself also ap-
pears to be a determinant for resistance to heat
[Roti Roti et al., 1997]. The nuclear matrix has
been identified as a site for transcription [Be-
rezney et al., 1995]. In particular, the heat
shock protein 70 (HSP 70) gene family is lo-
cated at the nuclear matrix [Roti Roti et al.,
1997], typical of actively transcribed genes, giv-
ing strength to the claim that the nuclear ma-
trix is involved in protection against subse-
quent heat shock.

The nuclear matrix consists of the nuclear
pore-lamina complex, residual nucleoli, and the
internal nuclear matrix [Berezney, 1991]. The
major proteins of the nuclear pore-lamina com-
plex are the nuclear lamins, lamin A, B, and C
[Kaufmann et al., 1983]. The lamina provides
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structural support for the nucleus [Berezney,
1991]. Nuclear lamins may also be involved in
the organization of chromatin, DNA replica-
tion, and nuclear envelope reassembly [New-
port and Forbes, 1987]. Our previous work indi-
cates that lamin B might be involved in the
heat-shock response [Dynlacht et al., 1996,
1999]. Since the synthesis of lamin B in U-1
human melanoma and HeLa cells occurred dur-
ing heating, lamin B appears to be induced by a
different mechanism than the conventional heat
shock proteins, which are synthesized when
heated cells are returned to 37°C for several
hours [Li and Werb, 1982]. Therefore, lamin B
has been defined as a ‘‘prompt’’ heat shock pro-
tein. ‘‘Prompt’’ heat shock proteins were first
documented by Reiter and Penman [1983]. They
reported that at least 50 polypeptides are syn-
thesized in HeLa cells during heating. These
polypeptides are synthesized from pre-existing
mRNA, translated during heat shock and asso-
ciated with the nuclear matrix-intermediate
filament fraction. However, the biological func-
tions of these ‘‘prompt’’ heat shock proteins
remain to be determined. The modulation of
lamin B content that occurs during heating
does not appear to be directly involved in the
cell killing process [Dynlacht et al., 1999]. In
U-1 cells, Western blotting analysis shows a
significant increase in lamin B content within
the first 5 min of heating at 45.5°C, reaching a
plateau after 10 min of heating. No significant
cell killing is observed when cells are heated for
5 min; however, after 5 min of heating, cell
survival becomes an exponential function of the
heat dose [Dynlacht et al., 1999]. These data
have led us to propose that lamin B might
therefore be involved in the recovery of cells
after heat shock, or the induction of thermotol-
erance.

Several chemicals that modulate hyperther-
mic cell killing also modulate heat-induced
nuclear protein content [Roti Roti and Wilson,
1984; Henle and Warters, 1982]. The local anes-
thetic procaine has been shown to sensitize
cells to heat shock [Yatvin, 1977]. Although the
cell membrane is thought to be the target for
procaine [Nicolson et al., 1976], heating in the
presence of procaine causes many effects, includ-
ing an increase in chromatin protein content
[Roti Roti and Wilson, 1984], an increase in
chromosomal aberrations [Dewey et al., 1990]
and inhibition of thermotolerance induction [Ko-
nings, 1985]. Glycerol protects cells when pres-

ent during heating [Henle and Warters, 1982],
presumably by raising the transition tempera-
ture for protein denaturation below 60°C [Lep-
ock et al., 1988]. Glycerol has been reported to
decrease the amount of heat-induced nuclear
protein [Henle and Warters, 1982]. However,
the exact mechanism by which glycerol and
procaine modulate hyperthermic cell killing is
not known.

It was the aim of this study to investigate the
changes in lamin B content when cells were
returned to 37°C after heating at 45.5°C and in
thermotolerant cells. We also investigated the
effects of glycerol or procaine on lamin B con-
tent during heating. Our results support the
notion that lamin B may play a crucial role in
recovery of cells from heat shock, and the in-
creased synthesis of lamin B may confer resis-
tance to subsequent heat-induced cell killing.
Further study of the role of specific proteins of
the nuclear matrix in the heat response may
provide insight into the mechanism by which
heat induces cell killing.

MATERIALS AND METHODS
Cell Culture and Hyperthermic Treatment

U-1 human melanoma and HeLa CCL2 cells
were maintained as monolayers and grown in
25-cm2 tissue culture flasks containing 5 ml
McCoy’s 5A medium supplemented with 10%
iron-supplemented calf serum (Hyclone, Inc.,
Logan, UT). Cells were maintained in a humidi-
fied incubator (95% air, 5% CO2) at 37°C. Un-
less otherwise indicated, 3 days prior to the
experiments, 2.5 3 105 cells were plated into
25-cm2 tissue culture flasks (T-25) so as to yield
,106 log phase cells per flask at the start of
each experiment. Medium was changed one
hour prior to experiments. Cells were heated
in monolayers in T-25 flasks containing 5 ml of
medium. For heat treatments, flasks were
submerged in a temperature controlled (45.5 6
0.1°C) water bath for various times, and either
incubated at 37°C or cells were trypsinized and
counted for subsequent measurement of cell
survival, or analysis of changes in lamin B
content.

Induction of Thermotolerance and Modulation
of Heat Sensitivity

For samples in which thermotolerance effects
were to be studied, 4.5 3 105 cells were plated
into T-25 flasks 2 days prior to induction of
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thermotolerance. Cell medium was changed 1 h
prior to experiments, then cells were heated at
45.5°C for 5 min. The heated cells were then
incubated at 37°C for 15 h prior to reheating.
Since the 5 min priming dose, though virtually
non-toxic [Dynlacht et al., 1999], causes a slight
lag in cell cycle progression, a greater number
of cells were plated initially so that both nontol-
erant and thermotolerant flasks would yield
,106 log phase cells per flask after the heat
challenge and prior to protein extraction (see
below). Glycerol or procaine was dissolved in
McCoy’s 5A medium modified with 25 mM
HEPES buffer in order to maintain a constant
pH (Gibco BRL, Life Technologies, Inc., Grand
Island, NY). Cells were then incubated in the
presence of 7% glycerol or 4 mM procaine at
37°C for 5–35 min, or heated at 45.5°C for
10–30 min. Chemically treated medium was
added to the cells 5 min prior to heating and
was allowed to equilibrate at 37°C.

Clonogenic Cell Survival Assay

After heating at 45.5°C under various condi-
tions, U-1 or HeLa cells were counted with an
electronic cell counter (Particle Data, Inc., Elm-
hurst, IL) and plated in triplicate into T-25
flasks. Flasks were kept in a humidified incuba-
tor (95% air, 5% CO2) at 37°C for 12–14 days to
allow for colony formation. Colonies were then
fixed with methanol/acetic acid (3:1) and stained
with crystal violet. Calculations of cell survival
were corrected for plating efficiency of un-
heated cells, which was 30–50%.

Western Blotting

Detection of lamin B protein content was
carried out as described previously [Dynlacht
et al., 1999]. Briefly, after various treatments,
cells were trypsinized and washed once in cold
phosphate buffered saline (PBS) at 4°C. Then
cells were lysed in Laemmli’s Sample Buffer
(Bio-Rad Laboratories, Hercules, CA) contain-
ing 5% beta-mercaptoethanol at a final cell
concentration of 4 3 106/ml. Lysed samples
were heated at 100°C for 10 min, and then
passed through a 26.5-gauge needle three times.
Protein extract (8 3 104 cells per lane) was then
loaded in a 10% SDS-polyacrylamide gel and
electrophoresed at 125 V for 15 min and then at
200 V for 45–50 min. The proteins were trans-
ferred to a Hibond-ECL nitrocellulose mem-
brane (Amersham, Arlington Heights, IL) with
a 250-mA current at 4°C for 2.5 h. Membranes

were then blocked in blocking solution (50 mM
Tris, pH 7.5; 0.9% NaCl; 0.05% Tween-20; 3%
nonfat dry milk) at room temperature for 2 h.
Lamin B primary antibody (Oncogene Research
Products, Cambridge, MA) was added to block-
ing buffer (1:100 dilution) and incubated with
the membrane at 4°C overnight. After incuba-
tion with the primary antibody, the membrane
was washed three times with blocking solution
for 15 min each and incubated with secondary
antibody (1:3,500 dilution) (horseradish peroxi-
dase-conjugated sheep anti-mouse, Amersham)
at 4°C for 1 h. The membrane was washed in
blocking solution three times for 15 min each
and then rinsed twice with cold PBS for 5 min
each. The lamin B band was detected by using a
chemiluminescent detection system (Amer-
sham) as described by the manufacturer. The
relative protein content of individual bands in
immunoblots was determined by scanning den-
sitometry. Optical densities obtained for each
band were normalized to the respective control
bands from unheated cells.

RESULTS

Representative Western blots show that la-
min B content increases significantly and
reaches a maximum at 30 min for HeLa cells
(Fig. 1A) or 20 min for U-1 cells (Fig. 1B) during
heating at 45.5°C. To investigate whether la-
min B content remains elevated after heat
shock, cells were incubated at 37°C for various
intervals after heating at 45.5°C for 30 min
(HeLa cells) or 20 min (U-1 cells). Representa-
tive Western blots illustrating the changes in

Fig. 1. Representative Western blots illustrating the heat-
induced increase in lamin B content in HeLa (A) and U-1
melanoma (B) cells immediately after heating at 45.5°C for 5–40
min.
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lamin B content when cells were returned to
37°C for 30 min to 7 h after heating at 45.5°C
are shown in Figure 2A (HeLa cells) and Figure
2B (U-1 cells). Lamin B content continued to
increase in both cell lines when cells were re-
turned to 37°C after heating at 45.5°C. Lamin
B content was quantified with a densitometer
and then plotted as the ratio of the heated
samples to the unheated control (Fig. 3A,B).
Lamin B content increased gradually at 37°C
and reached a maximum at 3 h when HeLa
cells were incubated at 37°C after heating at
45.5°C for 30 min (Fig. 3A). When cells were
incubated at 37°C for 3 h after heating at 45.5°C
for 30 min, for example, the maximum increase
in lamin B content is 1.69-fold compared to cells
that were processed immediately after heating
at 45.5°C for 30 min (Fig. 3A, P , 0.05). In U-1
cells, an increase in lamin B content was also
observed when heated cells were returned to
37°C for 0.5 h to 7 h (Fig. 3B). Lamin B content
decreased between 3–5 h incubation at 37°C in
both cell lines (Fig. 3A,B), but failed to return to
the level in the unheated control cells even
after incubation at 37°C for 24 h (data not
shown).

We also compared the lamin B content of
thermotolerant cells to nontolerant cells in both
cell lines. As shown in Figure 4, thermotolerant
HeLa cells were more resistant to heat killing
than nontolerant cells. Western blots show a
greater increase in lamin B content in thermo-
tolerant cells when thermotolerant cells were
exposed to subsequent heating (Fig. 5A, HeLa
cells; Fig. 5B, U-1 cells). Densitometer analysis
indicated lamin B content in thermotolerant
HeLa cells was 1.39 times higher than in non-

Fig. 2. Representative Western blots illustrating the increase in
lamin B content when cells were returned to 37°C for 30 min to
7 h after heating at 45.5°C for 30 min (A, HeLa cells) or 20 min
(B, U-1 cells).

Fig. 3. Quantitative analysis of heat-induced changes in lamin
B content in HeLa and U-1 cells. Lamin B bands were quantified
with a densitometer, and the data were then plotted as the ratio
of heated samples to the unheated control sample. A: The
closed squares indicate the changes in lamin B content when
HeLa cells were returned to 37°C after heating at 45.5°C for 30
min. The dashed line indicates the lamin B content of HeLa cells
that were heated at 45.5°C for 30 min alone (no incubation;
1.29 6 0.1). The dotted line indicates lamin B content in un-
heated control cells. The error bars represent the standard error
of the mean (SEM) for four to six separate experiments. B: The
closed squares indicate the increase in lamin B content when
U-1 cells were returned to 37°C after heating at 45.5°C for 20
min. The dashed line indicates the lamin B content of U-1 cells
that were heated at 45.5°C for 20 min alone (no incubation;
1.32-fold increase compared to unheated cells). The dotted line
indicates the lamin B content in the unheated control sample.
Data shown are from one representative experiment.

Modulation of Lamin B Content by Heat 623



tolerant cells (Fig. 6A, P , 0.05). When thermo-
tolerant HeLa cells were heated at 45.5°C, la-
min B content increased to a greater extent
than in nontolerant cells. For example, the
maximum increase in lamin B content in ther-
motolerant HeLa cells was 1.82-fold that of
nontolerant cells when heated at 45.5°C for 40
min (Fig. 6A, P , 0.05). In thermotolerant U-1
cells, initial lamin B content was also found to
be higher than in nontolerant cells, and in-
creased to a greater extent when cells were
subsequently heated at 45.5°C for an additional
20 or 30 min (Fig. 6B).

Previous studies have shown that in cells
treated with glycerol or procaine, cell survival
increases or decreases significantly, respec-
tively [Henle and Warters, 1982; Lepock et al.,
1988]. Thus, we hypothesized that glycerol and
procaine could modulate lamin B levels as well
as heat sensitivity. Treatment with 7% glycerol
or 4 mM procaine (in HEPES-buffered medium)

Fig. 4. Survival of thermotolerant or nontolerant HeLa cells
heated at 45.5°C. Thermotolerance was induced by heating
cells for 5 min at 45.5°C followed by incubation at 37°C for 15
h. The error bars represent the SEM for four separate experi-
ments.

Fig. 5. Representative Western blots showing an increase in
lamin B content in thermotolerant cells. Thermotolerant (TT)
cells were heated at 45.5°C for 5–40 min and then lysed for
Western blotting. A: HeLa cells. B: U-1 cells.

Fig. 6. Quantitative analysis of heat-induced changes in lamin
B content in thermotolerant cells. Lamin B bands were quanti-
fied with a densitometer, and the data were then plotted as the
ratio of the heated samples to an unheated control sample. A:
Changes in lamin B content in thermotolerant or nontolerant
HeLa cells. The error bars represent the SEM for four to six
separate experiments. B: Changes in lamin B content in thermo-
tolerant or nontolerant U-1 cells heated at 45.5°C for 5–30 min
(data shown are from one representative experiment).
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at 37°C for 40 min did not alter cell survival
(plating efficiency of cells incubated for 40 min
with 4 mM procaine or 7% glycerol was not
significantly different from control cells). How-
ever, procaine (4 mM) enhanced hyperthermic
cell killing significantly (Fig. 7). Cell survival
decreased, for example, from 28.6 to 8.63% and
from 4.1 to 0.14% when cells were heated at
45.5°C for 10 and 20 min with procaine com-
pared to cells heated without procaine (Fig. 7,
P , 0.01). Glycerol had a significant protective
effect on heat-induced cell killing when HeLa
cells were heated at 45.5°C (Fig. 7). Cell sur-
vival increased, for example, from 28.6 to 71.1%
and from 4.1 to 17.2% when cells were heated at
45.5°C for 10 and 20 min with glycerol com-
pared to cells heated without glycerol (Fig. 7,
P , 0.01). Using Western blotting, we found
that lamin B content increased during the first
15 min (increasing 1.22- to 1.44-fold) when cells
were incubated with glycerol at 37°C; then la-
min B content returned to control levels for the
following 15–35 min (Fig. 8A). When cells were
heated with glycerol at 45.5°C, lamin B content
increased greatly compared to cells treated with
heat alone or with glycerol at 37°C (Fig. 8A).
The increases in lamin B content in cells heated
with 7% glycerol are 1.72-, 1.47-, and 1.34-fold
greater, respectively, than in cells heated with-
out glycerol (Fig. 8A, P , 0.01). When cells

were incubated in the presence of procaine (4
mM) at 37°C, no change in lamin B content is
observed during the first 15 min (Fig. 8B), but
there was a 1.3–1.67-fold decrease in lamin B
content when cells were incubated for longer
periods compared to control cells (Fig. 8B). Also,
no obvious change in lamin B content was ob-
served when cells are heated at 45.5°C in the
presence of procaine compared to unheated con-
trol cells (Fig. 8B, P . 0.05). However, lamin B
content was found to be decreased significantly
when cells were heated at 45.5°C for 30 min

Fig. 7. A comparison of cell survival between HeLa cells
heated at 45.5°C alone, or heated at 45.5°C in the presence of
glycerol or procaine. The error bars represent the SEM for four to
six separate experiments. All cells were heated in HEPES-
buffered McCoy’s 5A medium.

Fig. 8. Quantitative analysis of lamin B content in HeLa cells
treated with glycerol or procaine at 37°C or 45.5°C. A: HeLa
cells were incubated with glycerol (7%) at 37°C for 5–35 min or
heated in the presence of glycerol (7%) at 45.5°C for 10–30 min.
The error bars represent the SEM for four separate experiments.
B: HeLa cells were incubated with procaine (4 mM) at 37°C for
5–35 min or heated with procaine (4 mM) at 45.5°C for 10–30
min. The error bars represent the SEM for four separate experi-
ments. As a control, cells without any chemicals were heated at
45.5°C for 10–30 min in HEPES-buffered McCoy’s 5A medium.
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with 4 mM procaine compared to heated cells
alone (Fig. 8B, decrease 1.85 times, P , 0.01).
Nontolerant HeLa cells heated in the absence
of drugs for as long as 40 min at 45.5°C showed
up to a 1.4–1.5-fold increase in lamin B content
compared to unheated cells. Though lamin B
content was always significantly higher in
heated cells compared to unheated cells in the
experiments done for this study, for unknown
reasons, the maximum increase was less than
the 2.2-fold increase reported in a previous
study [Dynlacht et al., 1999].

DISCUSSION

Returning cells to a normal temperature is
essential for recovery of cellular metabolism
and induction of thermotolerance. In response
to heat shock, the processes of cellular metabo-
lism, such as RNA and protein synthesis, and
DNA replication, are severely inhibited [Laszlo,
1992; Higashikubo and Roti Roti, 1993; Henle
and Leeper, 1979]. In CHO cells, the rate of
protein synthesis is only 3% of the normal rate
after 10 min of heating at 45°C [Henle and
Leeper, 1979]. In HeLa cells, for example, RNA
synthesis is reduced to 40% of control levels
immediately following a heat exposure of 43°C
for 15 min [Higashikubo and Roti Roti, 1993].
The RNA synthesis rate then gradually recov-
ers with post-heat incubation at 37°C, reaching
control levels by 5–6 h post-heat shock. The
time scale for heat-induced changes in lamin B
content and recovery of cellular metabolism are
quite different from one another after heated
cells are returned to 37°C. Lamin B is promptly
synthesized during heating at 45.5°C in both
cell lines (Fig. 1A,B). However, lamin B content
increases further when cells are returned to
37°C after heating at 45.5°C (Fig. 2A,B), and
sustains a higher level than in unheated cells
even after 24 h post-heating (data not shown).
These data imply that lamin B may not only
play a role in response to acute heat shock, but
also may play a special role in cell recovery
from heat shock.

Depending on the length of exposure and the
cell line being heated, hyperthermia may per-
turb the cell cycle, leading to an accumulation
of cells in S and G2 phase after heat exposure
[Coss, 1986; Wong et al., 1989]. Interestingly,
lamin B appears to be synthesized only in S
phase [Foisy and Bibor-Hardy, 1988; Jost and
Johnson, 1981]. Thus, synchronization of cells
could explain the observed increase in lamin B

content seen in bulk populations of cells at
various times after heating. To prove this was
not the case, we measured the changes in the
cell cycle by flow cytometry, either when cells
were incubated at 37°C for 15 h after heating at
45.5°C for 5 min in both cell lines (the same
conditions used for the induction of thermotoler-
ance), or when cells were incubated at 37°C for
7 h after heating at 45.5°C for 20 min (U-1 cells)
or 30 min (HeLa cells). No obvious cell cycle
changes were found (data not shown). Hence,
cell cycle redistribution could not account for
the observed changes in the lamin B content of
cells during incubation at 37°C after heating or
in thermotolerant cells.

Our data show that lamin B may be involved
in the recovery of cells from heat shock (Figs.
2A,B, 3A,B). Furthermore, increased synthesis
of lamin B may provide cells with the ability to
resist subsequent heat-induced cell killing (Figs.
7, 8A,B). However, additional studies will be
required to confirm this.

The induction of thermotolerance is tightly
correlated with the synthesis of heat shock
proteins (HSPs) [Li and Werb, 1982; Li et al.,
1995]. At the transcriptional level, heat shock
turns on a set of heat shock genes [Lindquist,
1986]. However, the synthesis of HSPs occurs
when heated cells are returned to 37°C for
several hours [Higashikubo and Roti Roti, 1993;
Chirico et al., 1988; Laszlo and Li, 1985]. Our
data show that lamin B synthesis is an early
event in the cellular response to heat-shock
(Fig. 1A,B). The continual increase in lamin B
content when cells are returned to 37°C after
heating implies that lamin B may be involved
with the recovery of cellular metabolic pro-
cesses. Since lamin B content in thermotoler-
ant cells is much higher than in nontolerant
cells (Fig. 6A,B), and lamin B content continues
to increase when heated cells are incubated at
37°C, we speculate that lamin B may be in-
volved in the induction of thermotolerance.

Lamin B may form nucleoplasmic foci that
are associated with DNA [Moir et al., 1994].
Lamin B binds to matrix attachment regions
(MARs) which have been proposed to serve as
origins of replication [Luderus et al., 1992,
1994]. Lamin B has been shown to form a
scaffold upon which replication factors bind,
either directly or through lamin-associated pro-
teins, to form a replication center [Berezney et
al., 1995; Goldman et al., 1992; Newport et al.,
1990]. Again, further experiments are neces-
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sary to determine whether synthesis of lamin B
or restructuring of the lamina is necessary for
the resumption of DNA synthesis after heat
shock.

The mechanisms by which glycerol and pro-
caine influence the synthesis of lamin B are not
known. There are many reports indicating that
the modulation of heat sensitivity by procaine
or glycerol may be correlated with changes in
cell structure or the induction of thermotoler-
ance. Cryobiology and biochemistry studies have
shown glycerol can stabilize cell membranes,
microtubules, and protein structure [Lin et al.,
1981]. Glycerol may protect some of the protein-
aceous cellular components, which, if undam-
aged, could result in increased cell survival
after heat treatment [Lin et al., 1981]. Heat
sensitization by procaine is considered to be
caused by heat-induced membrane lesions
[Nicolson et al., 1976]. However, heat-sensitiza-
tion by procaine has been reported to proceed
by other mechanisms as well, such as by alter-
ation of the association of nuclear protein with
chromatin after heat shock [Roti Roti and Wil-
son, 1984]. Several researchers reported that
procaine could inhibit the triggering as well as
the induction of thermotolerance [Konings,
1985; Rastogi et al., 1987]. Similarly, through
inhibition of heat-induced lamin B synthesis,
procaine may increase susceptibility to heat-
induced cell killing.

In conclusion, we believe that the modulation
of lamin B content may be implicated in the
modulation of heat sensitivity by chemicals or
induction of thermotolerance. However, whether
the newly synthesized pool of lamin B becomes
incorporated into the nuclear lamina remains
to be determined, as does the extent and kinet-
ics of its incorporation.
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