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We isolated a monoclonal antibody that immunoprecipitated two proteins of 22 and 27 kilodaltons (kDa)
from nononcogenic adenovirus type 5 early region 1 (El)-transformed rat cells but not from oncogenic
adenovirus type 12 El-transformed rat cells. In a variety of adenovirus-transformed cells including cells
transformed by E1A and the c-H-ras oncogene, we found a perfect, inverse correlation between the presence
of these two proteins and the oncogenicity of these cells in syngeneic immunocompetent rats. Characterization
of the two proteins revealed that they occur in a large (700-kDa) complex and that the 27-kDa protein is
identical to the already known 27-kDa (28-kDa) heat shock protein hsp27. The suppression of the hsp27 protein
in oncogenic cells is further demonstrated by the fact that its mRNA is absent even after heat-shock induction.

Early region 1 (E1) of human adenovirus DNA can trans-
form rodent cells in vitro to an oncogenic phenotype (for
reviews see references 8 and 9). Region E1 consists of two
transcriptional units, E1A and E1B, each of which specifies
two proteins in transformed cells. Complete oncogenic
transformation requires the cooperation of both E1A and
E1B, but region E1A alone can partially transform cells (17).
In immunodeficient nude mice, region ElA-transformed
cells are not oncogenic, whereas all E1-transformed cells are
(6). On the other hand, the oncogenicity of adenovirus-
transformed cell lines in immunocompetent animals depends
on the adenovirus serotype used. For example, adenovirus
type 12 (Ad12) El-transformed cells are oncogenic, whereas
Ad5 El-transformed cells are nononcogenic. Our group’s
previous experiments with hybrid E1 regions, consisting of
the E1A region of Ad5 and the E1B region of Ad12 and vice
versa, showed that the oncogenicity in syngeneic immuno-
competent rats is determined by the origin of the E1A
region. When E1lA is derived from Adl12 the cells form
tumors in syngeneic immunocompetent rats, with the same
efficiency as in nude mice (7), whereas when E1A is from
AdS5 the transformed cells do not form tumors in these rats,
even when they are highly oncogenic in nude mice. An
immunological search for differences in protein expres-
sion between oncogenic and nononcogenic adenovirus-
transformed cells has revealed that the class I major histo-
compatibility complex (MHC) antigens are suppressed by
the Ad12 E1A region (29). This down-regulation of class I
MHC antigens might result in an escape of the transformed
cells from cytotoxic T-cell lysis, explaining, at least in part,
why the cells can grow out to form a tumor. However, other
immunological differences between the oncogenic and
nononcogenic cells may also play a role, such as differences
in the susceptibility to NK cell lysis (27). Furthermore, baby
rat kidney (BRK) cells transformed by a combination of the
E1A region of either AdS or Ad12 and an activated ras
oncogene are oncogenic, although in these cells the MHC
class I antigens are not or only slightly suppressed (19).
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The present article reports on a further search for differ-
ences in protein expression between oncogenic and nonon-
cogenic adenovirus-transformed cells. We describe a mono-
clonal antibody, 2C8, which immunoprecipitates a complex
of a 22- and a 27-kilodalton (kDa) protein only from cells
which are nononcogenic in syngeneic immunocompetent
animals. It is shown that the 27-kDa protein is identical to
the previously described heat shock protein hsp27, also
termed hsp28 (15, 16, 31). This 27-kDa heat shock protein is
one of the proteins whose expression has shown to be
increased in response to various types of stress, such as heat
or arsenite treatment. In general, heat shock proteins induce
an increased thermotolerance, but little is known about their
precise functions (28). The significance of our observation
that the hsp27 gene is suppressed in oncogenic adenovirus-
transformed rat cells, even after a heat shock, is still unclear.

MATERIALS AND METHODS

Cells and cell lysates. Cell lines, cell culturing, labeling of
cell lines, and immunoprecipitations were performed as
described previously (32). The E1A + ras-transformed BRK
cell lines were described by Jochemsen et al. (19). The
hybridoma producing monoclonal antibody 2C8 was isolated
from the same fusion, as described previously (32). Heat-
shocked labeled cell lysates were prepared by incubating the
cells for 12 min at 43.5°C and subsequently labeling them for
2 h at 37°C.

2D gels and gel filtration. Two-dimensional (2D) gel elec-
trophoresis was performed as described by O’Farrell (26).
The resulting pH gradient in the first dimension was deter-
mined by slicing a control gel, incubating it with water, and
measuring the resulting pH. LKB Ampholines from pH 5 to
7 yielded a gradient from pH 5 to 7. A mixture of LKB
Ampholines of pH 3.5 to 10, pH 4 to 6, pH 5to 8, and pH 9
to 11 in a ratio of 10:1:1:1 yielded a pH gradient from pH 4
to 8. Immunoprecipitates were suspended in 0.3% sodium
dodecyl sulfate (SDS)—4% Nonidet P40-2% Ampholines-0.1
M dithiothreitol-9.9 M urea, centrifuged, and loaded on the
first-dimension polyacrylamide gel.

Gel filtration was performed in E1A buffer (0.1% Nonidet
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FIG. 1. SDS-polyacrylamide gel electrophoresis (PAGE) of im-
munoprecipitates of [*H]leucine-labeled cell lysates with a control
antibody (lanes a) and the monoclonal antibody 2C8 (lanes b) from
primary BRK cells or BRK cells transformed with the indicated
fragments. Below the lanes the ability (+/—) to form tumors in
syngeneic immunocompetent rats is indicated.

P40, 50 mM HEPES [N-2-hydroxyethylpiperazine-N'-2-eth-
anesulfonic acid], pH 7.0, 250 mM NaCl) on a Pharmacia
fast-protein liquid chromatography Superose-6 column. The
lysate was also made in this buffer (14).

Northern blotting. The isolation of total cytoplasmic RNA
and Northern (RNA) blotting were performed as described
previously (29). RNA from heat-shocked cells was isolated
after the cells were incubated for 3 h at 42°C. Filters were
washed to a final stringency of 2x SSC (1x SSCis 0.15 M
NaCl plus 0.015 M sodium citrate) at 65°C. The fragments
used for nick translation were the 420-base-pair Pstl frag-
ment from pHS208 (16), carrying a human hsp27 cDNA; the
1.5-kilobase EcoRI-HindIIl fragment from UMH213 (a
pUC12 derivative of MHS213) (24), carrying a mouse hsp70
cDNA; and the 1.3-kilobase PstI fragment from pRGAPDH-
13 (13), carrying a rat glyceraldehyde-3-phosphate-dehy-
drogenase cDNA.

RESULTS
Monoclonal antibody 2C8. Monoclonal antibody 2C8 was
isolated from a previously described fusion of Sp2/0 cells

TABLE 1. Relationship of 22- and 27-kDa proteins with
oncogenicity and MHC class I antigen expression®

No. of Oncogenicity MHC

BRK cell lines clones 22/27-|.(Da ———————— lass 1
transformed by: tested  Proteins I;ln\llg: Synrif:elc antigens
AdS-E1A + AdS-E1B 4 + + - +
Ad12-E1A + Ad12-E1B 3 - + + -
AdS-E1A + Ad12-E1B 2 + + - +
Ad12-E1A + AdS-E1B 2 - + + -
AdS-E1A + AdI12-E1A 1 + + - +
+ Ad12-E1B
AdS-E1A + EJ-ras 2 - + + +
Ad12-E1A + ElJ-ras 2 - + + +

< Presence of the 22- and 27-kDa proteins, immunoprecipitated with the
monoclonal antibody 2C8, as related to oncogenicity (6, 7, 19) and expression
of the MHC class I antigens (29).
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FIG. 2. Gel filtration studies on a fast-protein liquid chromatog-
raphy Superose-6 column. Top, SDS-PAGE of immunoprecipitates
with antibody 2C8 of fractions 16 to 45 from a [*H]leucine-labeled
Ad5 El-transformed cell lysate. The first two lanes are immunopre-
cipitations from the total [*H]leucine-labeled Ad5 E1 cell lysate with
a control antibody and monoclonal antibody 2C8. Bottom, Absorb-
ance profile of the separation of thyroglobulin, ferritin, bovine
serum albumin, and RNase A. Molecular weights are indicated
above the peaks. The separation conditions are the same as for the
top panel, and the fraction position corresponds to the immunopre-
cipitation lanes above.

3H-Leu cell lysates, direct on gel (1),
immunoprec. with contr ab(2) or 2C8(3)
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FIG. 3. Heat shock experiments with Ad5 El-transformed
(5Xhol C), primary, and Ad12 El-transformed (12EcoRIC) BRK
cells. [*H]leucine-labeled lysates of cells grown at 37°C (N) or cells
heat shocked for 12 min at 43.5°C and labeled at 37°C immediately
afterwards (H) were separated by SDS-PAGE directly (200,000
cpm, lanes 1) or after an immunoprecipitation with a control
antibody (lanes 2) or with antibody 2C8 (lanes 3). Lanes 1 of primary
BRK and 12EcoRIC are from a shorter exposure to demonstrate the
appearance of the hsp70 (*).
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FIG. 4. 2D gels of [*H]leucine-labeled cell lysate or immunoprecipitates. The first dimension has a pH gradient from 4 to 8 (panels A) or
S to 7 (panels B); the second dimension is SDS-PAGE. a, The 27-kDa protein; a’, its phosphorylated form; b, the 22-kDa protein. A,,
Immunoprecipitate with antibody 2C8 from an AdS El-transformed cell lysate: A,, as for A, except that the cells were heat shocked; A; and
B,. Ad5 El-transformed cell lysate: B,, heat-shocked AdS El-transformed cell lysate: B;. mixture of Ad5 El-transformed cell lysate and
immunoprecipitate with antibody 2C8 from an AdS El-transformed cell lysate.

with spleen cells from a rat immunized with a syngeneic rat
cell line transformed with the AdS Hindlll G fragment (32).
This monoclonal antibody immunoprecipitates two rat pro-
teins of 22 and 27 kDa from primary BRK cultures and from
the nononcogenic adenovirus-transformed BRK cell lines.
These two proteins could not be immunoprecipitated from
adenovirus-transformed cell lines which are oncogenic in
newborn syngeneic immunocompetent animals (Fig. 1). This
relationship between the absence of these two proteins and
the oncogenicity in syngeneic immunocompetent rats of the
transformed cells was observed with all adenovirus-trans-
formed rat cell lines tested. The correlation of oncogenicity
with the absence of the 22- and 27-kDa proteins is even
better than the correlation of oncogenicity with the lack of
expression of the class I MHC antigens, since the 22- and
27-kDa proteins could not be immunoprecipitated from
oncogenic BRK cells transformed with an E1A region plus
the activated human EJ-ras gene (Table 1). In the latter
category of transformed cells, the class I MHC antigens are
not or are only slightly suppressed (19). The strict correla-
tion with oncogenicity was also indicated by the expression
of these proteins in BRK cells transformed with AdS E1A
plus an EJ-ras oncogene under the control of the dexametha-
sone-inducible mouse mammary tumor virus promoter (19).
In the absence of dexamethasone, the ras oncogene is not
expressed, which correlates with the presence of the 22/
27-kDa proteins. Under these conditions, the cells exhibit a

nontransformed phenotype, and although the oncogenicity
could not be tested (due to presence in the experimental
animals of glucocorticoids which would activate the mouse
mammary tumor virus promoter), it seems likely that the
cells would be basically nononcogenic. When dexametha-
sone was added the ras protein was expressed and the
expression of the 22/27-kDa proteins was discontinued (re-
sults not shown).

To investigate whether the 22/27-kDa proteins would also
be suppressed in cells transformed by a mutant Ad12 E1
region, a BRK cell line transformed by the Ad12 HindlIl G
fragment was analyzed with monoclonal antibody 2C8 and
was found to express the 22/27-kDa proteins. The Adl12
Hindlll G fragment comprises the entire E1A region and
approximately 50% of the E1B region, allowing expression
of the 19-kDa E1B protein and an N-terminal fragment of the
55-kDa E1B protein. Cells transformed by this Ad12 DNA
fragment had been found previously to be nononcogenic in
athymic nude mice (20). We confirmed this observation by
injecting an Ad12 Hindlll G fragment-transformed BRK cell
line into six nude mice; after 4 months, no tumors had yet
appeared in any of the six injected animals. However, when
immunocompetent syngeneic rats were injected with this
transformed cell line, tumors were formed in two of eight
animals after a latency period of 4 to S months. When a cell
line isolated from one of the tumors was analyzed with the
monoclonal antibody 2C8, it was found that the 22/27-kDa
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FIG. 5. One-dimensional peptide maps with 100 ng of V8 prote-
ase on the 22-kDa, 27-kDa, or hsp27 protein cut from 2D gels.
except for lane 1 which is from a one-dimensional gel. Cleveland
digestions; a, 22 kDa; b, 27 kDa. Proteins cut from a 2D gel are
either from a total cell lysate or from an immunoprecipitate with
monoclonal antibody 2C8 (I on figure). Lane 1, 22-kDa protein,
immunoprecipitate; lane 2, 22-kDa protein (b in Fig. 6B)): lane 3.
22-kDa protein; lane 4, 22-kDa protein, immunoprecipitate (b in Fig.
4A)); lane 5, 27-kDa protein, immunoprecipitate (a in Fig. 4A,): lane
6, phosphorylated 27-kDa protein, immunoprecipitate (a’ in Fig.
4A.,); lane 7, 22-kDa protein, immunoprecipitate (b in Fig. 4A,): lane
8, hsp27 (a in Fig. 4B,); lane 9, hsp27 (a in Fig. 4B,): lane 10,
phosphorylated hsp27 (a’ in Fig. 4B,): lane 11, 27-kDa protein.
immunoprecipitate.

proteins were no longer expressed (results not shown). This
result shows that adenovirus-transformed cells selected in
vivo for an acquired tumorigenic potential, possibly as a
result of additional mutations, also lose the expression of the
22/27-kDa proteins.

Characterization of the 22- and 27-kDa proteins. In our
initial studies with monoclonal antibody 2C8 and [**S]me-
thionine-labeled cell lysates, we detected only the 22-kDa
protein. When 2P, labeling was used, we found very little
phosphorylation of the 22-kDa protein but a strongly phos-
phorylated 27-kDa band (results not shown). Both proteins
were detected when [*H]leucine-labeled cell lysates were
used (Fig. 1). Apparently, the mature 27-kDa protein does
not contain methionine and is strongly phosphorylated. The
immunoprecipitation of two proteins with this antibody can
be explained either by an antigenic relationship between the
two proteins or by the circumstance that the 22- and 27-kDa
proteins form a complex. As this monoclonal antibody does
not detect any protein in Western blotting (immunoblotting).
it is hard to exclude an antigenic relationship. However,
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results from one-dimensional peptide mapping (see also Fig.
S) and the fact that the 27-kDa protein does not contain
methionine. whereas the 22-kDa protein does, all suggest
that the two proteins are not related. To investigate whether
the proteins form a complex, a gel filtration study was
performed. Immunoprecipitations with monoclonal antibody
2C8 showed the presence of both the 22- and 27-kDa
antigens in the fractions where proteins with an apparent
size of 700 kDa were expected (Fig. 2). Immunoprecipita-
tions with another antibody showed the same background
proteins (results not shown); therefore, it seems likely that
the complex consists exclusively of 22- and 27-kDa proteins.
Furthermore, the immunoprecipitations of gel fractions did
not show any monomeric 22- or 27-kDa proteins. Although it
cannot be excluded that there were no free 22- or 27-kDa
protein molecules in the cells, a more plausible explanation
is that monoclonal antibody 2C8 can immunoprecipitate only
the complex between these two proteins. This would be
consistent with the observation that we could not detect the
proteins with the monoclonal antibody 2C8 in Western
blotting and that we failed to immunoprecipitate the proteins
from in vitro-translated RNA (results not shown).

Identification of the 27-kDa protein as hsp27. The 27-kDa
protein does not contain methionine, is strongly phosphory-
lated. and is present in a large complex. These characteris-
tics have a striking similarity with the properties of a
previously described rat protein. hsp27 (22, 31). This
prompted us to investigate whether the 27-kDa protein might
be encoded by the heat shock gene. Figure 3 shows the
results of heat shock experiments for primary BRK cells and
AdS- and Adl12-transformed cells. It can be seen that an
increased 27-kDa protein band was immunoprecipitated with
antibody 2C8 when cells that expressed the 22- and 27-kDa
proteins were labeled after a heat shock. In the oncogenic
Ad12-transformed cells, however, these proteins were still
absent even after a heat shock. That the heat shock condi-
tions worked in all types of cells was indicated by the
increase in the hsp70 proteins observed in a one-dimensional
separation of the total labeled cell lysate (asterisks in Fig. 3).
Although these data strongly suggest that the 27-kDa protein
is indeed hsp27, it should be realized that this antibody
seems to recognize only the complex between the 22- and
27-kDa proteins. Therefore, it is also possible that only the
amount of the complex is changed upon heat shock, whereas
the absolute quantity of the 27-kDa protein is unaltered. As
the hsp27 protein is defined by its heat shock characteristics
on a 2D gel., we performed similar analyses to establish the
identity of the 27-kDa protein.

In Fig. 4A a 2D gel analysis (pH gradient 4 to 8) of the
immunoprecipitates with the monoclonal antibody 2C8 of a
normal (Fig. 4A)) and a heat-shocked (Fig. 4A,) AdS-
transformed cell lysate is shown, together with the positions
of these proteins in the 2D gel of the total non-heat-shocked
cell lysate (Fig. 4A,). The positions of the 27-kDa protein (a
and a’) and the 22-kDa protein (b) on the 2D gel of the total
cell lysate (Fig. 4A;) were determined by mixing experi-
ments. To establish whether the 27-kDa protein is identical
to hsp27. we used a pH gradient from 5 to 7 to obtain a better
resolution for the individual proteins. With this gradient only
the 27-kDa protein was detected. Mixing of the 27-kDa
protein obtained from an immunoprecipitation with antibody
2C8 from AdS5-transformed cell lysate with the total AdS-
transformed cell lysate (Fig. 4B;) localized the 27-kDa
protein exactly at the hsp27 position (Fig. 4B,), as defined by
the increase in intensity found upon heat shock (compare
Fig. 4B, and 4B,). Also after heat shock, a more acidic hsp27
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FIG. 6. 2D gels of [*H]leucine-labeled cell lysate which show that the oncogenic Ad12 El-transformed BRK cells do not express the
27-kDa protein (a and a’) (panels A) or the 22-kDa protein (b) (panels B). The pH gradient in the first dimension is either from 5 to 7 (panels
A) or from 4 to 8 (panels B). A,, Ad5 El-transformed (5XhoIC) cell lysate; A,, heat-shocked Ad5 El-transformed (5XhoIC) cell lysate; A;,
Ad12 El-transformed (12EcoRIC) cell lysate. a, Position where the 27-kDa protein is expected. B,, AdS El-transformed (5XhoIC) cell lysate;
B,, Ad12 El-transformed (12EcoRIC) cell lysate. b, Position where the 22-kDa protein is expected. B;, Ad12 El-transformed (12EcoRIC) cell
lysate mixed with a small amount of 2C8 immunoprecipitate from Ad5 El-transformed cell lysate.

protein appeared (a’) which likewise was immunoprecipi-
tated by the antibody 2C8. The differently charged proteins
are caused by additional phosphorylation (22, 31). To con-
firm the localization of the 27- and 22-kDa proteins on the 2D
gels, the proteins were cut out from 2D gels of total cell
lysate or of immunoprecipitates and were subjected to a
partial digestion with V8 protease, followed by separation on

a one-dimensional gel (10). The result (Fig. 5) shows that we
correctly identified the 22- and 27-kDa proteins on the 2D
gel. Therefore, the 27-kDa protein immunoprecipitated by
2C8 indeed must be identical to hsp27. In addition, it can be
deduced from the degradation patterns that there is no
obvious relationship between the 22- and 27-kDa proteins.
The 22- and 27-kDa proteins are not expressed in the
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FIG. 7. Northern blot with RNA from control and heat-shocked
AdS E1- and Ad12 El-transformed BRK cells. (A) Hybridization
with human hsp27 cDNA pHS208. (B) Long exposure of relevant
part of panel A. (C) Hybridization with mouse hsp70 cDNA
UMH213. (D) Relevant part of the control hybridization with a
glyceraldehyde-3-phosphate-dehydrogenase clone. RNA from AdS5
El-transformed cells grown either at 37°C (lanes 1) or at 42°C (lanes
2) for 3 h and from Ad12 El-transformed cells grown at 37°C (lanes
3) or at 42°C (lanes 4) for 3 h.

oncogenic adenovirus-transformed cells. Analysis with 2D
gels also provides the opportunity to study whether these
proteins are indeed not synthesized in the oncogenic aden-
ovirus-transformed cells, as suggested by the immunopre-
cipitation experiments with monoclonal antibody 2C8. No
27-kDa protein (a) could be found in the Adl12 El-trans-
formed cell lysate (Fig. 6A;) at the position of hsp27 in the
AdS El-transformed cell lysate (Fig. 6A; and 6A,). Like-
wise, the 22-kDa protein was not found at the position where
it occurs in the nononcogenic cell lysates (Fig. 6B, and 6B,).
After the Ad12-transformed cell lysate was mixed with a
small amount of the 2C8 immunoprecipitate from an AdS-
transformed cell lysate, the 22-kDa protein (b) was observed
at the correct position (Fig. 6B;).

Oncogenic adenovirus-transformed cells do not have hsp27
mRNA. The human hsp27 cDNA and its gene have recently
been cloned by Hickey et al. (15, 16), and we have used a
partial cDNA probe from their clone pHS208 to detect the
rat hsp27 RNA. Figure 7A and a longer exposure of the
relevant part of Fig. 7A (Fig. 7B) show that in the AdS5
El-transformed cells hsp27 mRNA could be detected (lanes
1) and that the expression was indeed strongly increased
upon heat shock (lanes 2). In agreement with the protein
results, the hsp27 RNA was not detected in oncogenic Ad12
El-transformed BRK cells, even after heat shock (lanes 3
and 4). In both cases the heat shock conditions worked well,
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as indicated by hybridization of the same filter (Fig. 7C) with
a mouse cDNA clone for hsp70 (24).

DISCUSSION

BRK cell lines transformed as primary cell cultures by the
E1l region of AdS or Ad12 or the corresponding hybrid E1
regions are tumorigenic in syngeneic immunocompetent rats
when the E1A region is derived from Ad12, whereas they do
not form tumors when the E1A region is from Ad5 (alone or
together with Ad12 E1A) (7). Previous studies showed that
the Ad12 E1A region inhibits expression of the class I MHC
antigens (29), which can explain, at least in part, why
transformed cells expressing the Ad12 E1A region are onco-
genic in immunocompetent animals. On the other hand,
experiments with BRK cells transformed with an E1A region
together with an activated ras oncogene have shown that
such cells are oncogenic, even when the E1A region is
derived from AdS (19), indicating that other factors also play
arole. The Ad12 E1A + ras-transformed cells still express a
fair amount of class I MHC antigens, and the AdS E1A +
ras-transformed cells express normal levels of class I MHC
antigens, indicating that in these cases tumorigenicity cannot
be explained by reduced expression of class I antigens. In
the present study we describe results obtained with mono-
clonal antibody 2C8, which recognizes a complex between a
22- and a 27-kDa protein. This complex is immunoprecipi-
tated only from the nononcogenic adenovirus-transformed
BRK cells as well as from untransformed primary BRK
cultures. The various cell lines, their oncogenicity, and the
immunoprecipitation results for the 22/27-kDa proteins, as
well as the expression of the class I MHC antigens, are
summarized in Table 1. As can be seen, the correlation
between the presence of immunoprecipitable 22/27-kDa pro-
teins and the lack of oncogenicity holds for all adenovirus-
transformed BRK cell lines.

We have also shown that the 27-kDa protein present in the
complex immunoprecipitated by monoclonal antibody 2C8 is
identical to the previously described hsp27, also called hsp28
(15, 31). Heat shock proteins are preferentially expressed
during stress conditions like heat or arsenite addition (28)
and can be divided into three classes: the small heat shock
proteins (20 to 30 kDa), the hsp70 proteins, and the hsp90
proteins. A relationship with adenovirus transformation has
only been reported for the hsp70 gene (25). In viral infection
E1A causes a transcriptional activation of this hsp70 and
also of an hsp89 (21, 30). The small heat shock proteins
occur as multiple polypeptides, for example, in Drosophila
melanogaster, where four proteins of 22, 23, 26, and 27 kDa
have been found (18), whereas in rat cells only one protein of
about 27 kD has been described, albeit with multiple phos-
phorylation states (22, 31). This mature rat protein does not
contain methionine, while the human homolog contains one
such residue (15). The small heat shock proteins are proba-
bly located in the cytoplasm, where they associate with the
intermediate filament cytoskeleton (11, 23). Although nu-
clear localizations have also been reported (2, 22), the
presence in the nucleus can possibly be explained by a
collapse of the intermediate filament skeleton on the nuclear
surface during heat shock (11, 23). The function of the small
heat shock proteins is unknown. One possibility is that they
play a role in the recovery of collapsed intermediate fila-
ments, since it has been observed in chicken cells that the
synthesis of the heat shock proteins is required for this
recovery (11).

Small heat shock proteins have also been mentioned in
relation to a 19S small cytoplasmic ribonucleoprotein parti-
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cle called a prosome (3). One of the suggested functions of
this prosome is the regulation of mRNA translation (1), but
recently it has been proposed that the prosome is identical to
the large cellular multifunctional protease complex (4, 12)
which contains less RNA than the about 20% published
previously (3), if any. Whether the small heat shock proteins
are localized in prosomelike particles is still controversial (3,
5). From the results of Fig. 2 it is clear that the hsp27 protein
is part of a 700-kDa complex. Whether this complex contains
other components next to the hsp27 and 22-kDa proteins has
to be studied. The identity of the 22-kDa protein is not yet
known. Some experiments have shown that this protein is
synthesized only in small amounts during the heat shock
itself, but is expressed afterwards to form a complex with the
hsp27 protein (our unpublished observations). Therefore the
22-kDa protein might play a role during the recovery period
after a heat shock.

As long as the functions of these two proteins in the cell
are not understood, the possible significance of their absence
in oncogenic cells is difficult to assess. Experiments involv-
ing the introduction of the genes under transcriptional con-
trol of a heterologous promoter into oncogenic cells and
studies of the oncogenic behavior of these cells may possibly
answer this question.
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