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NIH 3T3 cells malignantly transformed by mot-2 show
inactivation and cytoplasmic sequestration of the p53
protein
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ABSTRACT

In previous studies we have reported that a high level of

expression of mot-2 protein results in malignant transforma-

tion of NIH 3T3 cells as analyzed by anchorage independent

growth and nude mice assays [Kaul et al., Oncogene, 17, 907-

11, 1998]. Mot-2 was found to interact with tumor suppressor

protein p53. The transient overexpression of mot-2 was inhibi-

tory to transcriptional activation function of p53 [Wadhwa et

al., J. Biol. Chem., 273, 29586-91, 1998]. We demonstrate here

that mot-2 transfected stable clone of NIH 3T3 that showed

malignant properties indeed show inactivation of p53 function

as assayed by exogenous p53 dependent reporter. The expres-

sion level of p53 in response to UV-irradiation was lower in

NIH 3T3/mot-2 as compared to NIH 3T3 cells and also exhib-

ited delay in reaching peak. Furthermore, upon serum starva-

tion p53 was seen to translocate to the nucleus in NIH 3T3,

but not in its mot-2 derivative. The data suggests that mot-2

mediated cytoplasmic sequestration and inactivation of p53 may

operate, at least in part, for malignant phenotype of NIH 3T3/

mot-2 cells.
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INTRODUCTION

 Involvement and inactivation of p53, a tumor suppressor and cellular transcription

factor in cellular immortalization has been well documented[1-4]. Various activities of

p53 protein involve its functional domains, viz., an amino- terminus transactivation do-

main (amino acids [a. a.] 1-44), a sequence specific DNA binding domain (a. a. 100-300),

a carboxy-terminus oligomerization domain and a regulatory domain (a. a. 319-393).

Wild type p53 binds to DNA and interacts with components of basal transcription factor

TFIID to activate transcription of its down stream genes such as, p21WAF-1, mdm2 and

GADD45. Most of the mutant p53 proteins lack the ability to interact with TATA box-

binding protein-associated factors TAFII32 and TAFII70 although in many cases these

can still bind to DNA. Besides, conformation of p53 and its interactions with other pro-

teins modulate its various functions[5],[6]. Several cellular proteins including some of

the hsp70 family members have been shown to interact with p53[7],[8-13]. Although

mutational or mdm-2 mediated inactivation of p53 is a common event involved in cellular

transformation[1], p53 is inactivated in a considerable number of tumors/transformed

cells by an unknown mechanism(s).

We initially cloned mortalins, mot-1 and mot-2, coding for pancytosolically and

perinuclearly distributed members of the hsp70 family of proteins, from normal and im-

mortal murine cells, respectively[14],[15]. The open reading frames of the two types of

murine mortalins differ in two nucleotides, encode proteins differing in two amino acids,

and have contrasting biological activities[16]. RNA in situ hybridization and immuno-

histochemical studies on mortalin in normal murine tissues showed a higher level of

expression in nondividing cell populations than in dividing cells. However, tumor tissues

were seen to have a high intensity of mortalin staining by an antibody that reacts with

both mot-1 and mot-2 proteins[17],[18]. Mortalin was also identified as PBP-74, mtHSP70

and Grp75, and has been assigned roles in antigen processing, in vivo nephrotoxicity and

radioresistance in independent studies from other groups[19],[20]. We have earlier dem-

onstrated functional interactions of mot-2 protein with wild type p53[7]. Colocalization

of wild type p53 and mortalin protein was observed in transformed (nonpancytosolic

mortalin) but not in normal (pancytosolic) cell types. The transcriptional activation func-

tion of p53 was impaired by transfections of mot-2, but not mot-1, protein suggesting a

novel mechanism of p53 inactivation by mot-2 protein. In the present study, we demon-

strate that mot-2 transformed NIH 3T3 cells[21] show inactivation and cytoplasmic se-

questration of the p53 protein.
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MATERIAL AND METHODS

Cell culture and UV-irradiation

Normal mouse embryonic fibroblasts from the CD1-ICR strain mouse (CMEF), and immortal

clone (RS-4) established from CMEF, NIH 3T3 cells, and embryonic fibroblasts from a p53-null

(p53-/-)  mouse were cultured in Dulbecco s modified Eagle s minimal essential medium

supplemented with 10% fetal calf serum (Gibco), at 37oC in a humidified atmosphere of 95% air

and 5% CO
2
. NIH 3T3/mot-2 transfectants were selected in DMEM supplemented with 10% FCS

and 500 mg/ml G418. For UV-irradiation, cells grown to about 50% confluency in 100-mm dishes

were rinsed once with phosphate-buffered saline (PBS) and irradiated (10mJ/cm2) by placing the

dish in UV cross-linker (Funakoshi, Japan). The original medium was replaced and the cells

were returned to 37oC. At indicated post-irradiation time points, cells were harvested in Nonidet

P - 4 0  l y s i s  b u f f e r  ( 2 0  m M  T r i s  ( p H  7 . 5 ) ,  1  m M  E D T A ,  1  m M  E G T A ,  0 . 1  m M

phenylmethylsulfonylfluoride, 150 mM NaCl, 1% Nonidet P-40) for 30 min on ice.

Western blot analysis

The protein sample (20-40 μg) separated on SDS-polyacrylamide gel was electroblotted onto

nitrocellulose membrane using a semidry transfer blotter. Immunoassays were performed with anti-

mortalin[14], anti-p53 (PAb-421; Calbiochem) and anti-actin (Boehringer Mannheim) antibodies.

Reporter assays

 Cells grown in 12-well plates were transfected with 0.5 μg of p53-responsive, pWWP-luc or

PG13-luc (kindly provided by Dr. Bert Vogelstein)[22] or control (pGVB2; Promega) reporter

plasmid. 48 h after transfection, luciferase assays (Dual-LuciferaseTM Reporter Assay System,

Promega) were performed. Luciferase values were calculated per microgram of the protein as

determined by Bradford protein assay. p53 responsive CAT reporter plasmid pMCKCAT and a

control plasmid, pCATR (Promega) were also transfected to NIH 3T3 and its mot-2 derivative cells.

Reporter activity was measured by chloramphenicol acetyltransferase (CAT) ELISA (Boehringer

Mannheim). To examine the internal transfection efficiency of cells, cotransfections of pRL-

CMV (Promega) or pCMV.SPORT-β-gal plasmid (Gibco) were employed in both the experiments.

β-gal activity was monitored by β-gal enzyme assay (Promega). Error bars represent standard

deviation [n=4].

Immunofluorescence and fluorescence digital imaging microscopy

Cells were double-stained with monoclonal anti-p53 (PAb421; Calbiochem) and polyclonal anti-

mortalin antibodies, and visualized by secondary staining with fluorescein isothiocyanate (FITC)-

conjugated sheep anti-mouse IgG and Texas Red (TRITC)-conjugated donkey anti-rabbit IgG

(Amersham). Three-dimensional images with enhanced fluorescence were obtained using laser

digital imaging microscopy with a 40 X Plan-NEOFLUAR objective on a Zeiss Axiophot micro-

scope (Carl Zeiss, Germany) equipped with a CELLscan System (Scanalytics, Billerica, MA)[23].

The extent to which the two proteins overlapped was assessed by combining the two images using

computer graphics software. The individual mortalin and p53 images were seen as red and green

fluorescence, respectively, and the colocalized proteins appeared yellow under this program.

RESULTS AND DISCUSSION

NIH 3T3 and their malignantly transformed stable derivative clone, NIH 3T3/mot-2

were assayed for mot-2 and p53 proteins by Western blotting. As expected mot-2 was
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expressed at a high level in NIH 3T3/mot-2 cells. p53 protein remained undetected in NIH

3T3/mot-2 cells by Western blotting implying that it is not mutated during the course of

malignant transformation[21],[24]. NIH 3T3, its mot-2 derivative, normal mouse embry-

onic primary fibroblasts (CMEF) and its immortal mouse cell line, RS-4 that is shown to

have mutant p53, were subjected to p53-responsive luciferase reporter assay along with

p53-/- mouse embryonic fibroblasts. As expected, CMEF and NIH 3T3 cells showed wild

type p53 responsive reporter activity and no p53 activity was detected in RS-4 and p53-/

- cells (Fig 1A). NIH 3 T3/mot-2 cells revealed inactivation of p53 function. In four

independent experiments in which the differences in transfection efficiency of NIH 3T3

and NIH 3T3/mot-2 were normalized by cotransfection of pCMVbgal reporter plasmid, a

significant repression (about ten-fold) of p53 transactivation function was detected in

NIH 3T3/mot-2 (Fig 1B). A control p53-independent reporter plasmid, pGVB2, showed

two-fold lower activity in NIH 3T3/mot-2 cells. Reporter assays were also performed

using a synthetic p53 responsive CAT reporter plasmid, pMCKCAT. Similar results, i. e.,

10-fold repression of p53 responsive transactivation in NIH 3T3/mot-2 cells were ob-

tained in three independent experiments (Fig 1C). A control p53-independent reporter

plasmid, pCAT, with a high level of basal activity showed two-fold lower activity in NIH

3T3/mot-2 cells. The data demonstrated that mot-2 overexpression in NIH 3T3 cells re-

Fig 1.

NIH 3T3, RS-4, CMEF and p53-/- cells were plated in 12-well dishes, for 24 h and then

transfections were performed using LipofectamineTM (Gibco). 0.5 μg of p53-responsive

reporter plasmid containing 13 repeats of wild type p53 binding consensus sequence,

PG13-luc (a kind gift from Dr. Bert Vogelstein) and pRL-CMV (Promega), an internal

control to determine the efficiency of transfections were used. 48 h after transfection,

luciferase assays (Dual-LuciferaseTM Reporter Assay System, Promega) were performed.

Luciferase values were calculated per microgram of the protein as determined by Bradford

protein assay. All reporter assays were performed four times.

NIH 3T3/mot-2  inactivation of the p53 protein
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sulted in inhibition of p53-induced transactivation. Such abrogation of some  or all of

normal tumor suppressor activity of p53 may be responsible, at least in part, for their

malignant phenotype of NIH3T3/mot-2 cells. Recently, inactivation of p53 by HHV-6 has

been reported to result in malignant transformation of NIH 3T3 cells[25]. Furthermore,

RS-4 cells that have a higher expression level of mot-2 than NIH 3T3 cells and possess

mutant p53 do not show malignant phenotype (unpublished observations) suggesting

that the transforming activity of mot-2 may be mediated mostly by inactivation of wild

type p53.

Wild type p53 is rapidly induced in response to UV-irradiation in a dose dependent

manner. This has been frequently used as a measure for transcriptional activation func-

tion of p53. To investigate p53 activity in NIH 3T3 cells and its mot-2 stable derivative,

we next assayed their response to UV-irradiation. Expression of p53 was seen to increase

upon UV-irradiation in both the cell types. This was consistent with the wild type p53

status of these cells as determined by Western blotting and p53-dependent reporter as-

says described above. Both cell types showed initial increase in p53 at the same time

point implying that they are comparable in their response to UV-irradiation. However,

the time required to reach peak level of p53 expression following UV-irradiation was

different in two cell types. Whereas in NIH 3T3 cells a peak level of p53 expression was

Fig 2.

Western blotting of cells exposed to UV-irradiation (10 mJ/cm2). Mot-2 was seen

to increase gradually in NIH 3T3 as well as its mot-2 derivative. At corre-

sponding time intervals ranging 4-16 h, p53 levels were low in NIH 3T3 /mot-

2 cells. Actin was used as a loading control.

Wadhwa  R  et  al.
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detected at 6-10 h, NIH 3T3/mot-2 cells exhibited a somewhat delayed response with a peak

detected at about 20 h (Fig 2). These data imply that whereas in NIH 3T3 cells the peak

of UV-irradiation induced growth arrest of cells will occur at 10 h, its mot-2 derivative

will be maximally arrested at 20 h post-irradiation. At early time points ranging 2-10 h

post UV-irradiation, NIH 3T3/mot-2 cells showed comparably lower steady state level of

p53 and somewhat slower increase in p53 as compared to NIH 3T3 cells. These results

provide an evidence that mot-2 may act by reducing p53 steady-state levels. This was in

agreement with a lower level of p53 expression in COS7 cells transiently tranfected with

mot-2 expression plasmid[7]. It is suggestive that a high level of mot-2 expression may

target some of p53 for degradation by inhibiting its nuclear translocation as shown below

and therefore may limit response of cells to genotoxic insults.

Double immunofluorescence studies for mot-2 and p53 revealed a high intensity of

perinuclear mortalin in NIH 3T3/mot-2 as compared to NIH 3T3 cells (Fig 3A). In an

unsynchronized culture of NIH 3T3 cells approximately 30-40% of cells were seen to have

nuclear staining of p53, the cytoplasmic staining was barely visible under epifluorescence

microscope. In case of mot-2 stable transfectants, only 6-10% of cells were seen to have

nuclear staining (Fig 3A). Next, G1 arrested cells (confirmed by FACS analysis) obtained

by culture in DMEM-supplemented with 0.1% FBS for 48 h, were fixed for immunostaining

with anti-p53 and anti-mortalin antibodies. More than 80% of the serum-starved control

NIH 3T3 cells were seen to have nuclear localization of p53 whereas less than 20% of

mot-2 overexpressing cells showed nuclear translocation of p53 under these conditions

(Fig 3B). The data suggested cytoplasmic retention/abrogation of nuclear translocation

of p53 in mot-2 overexpressing NIH 3T3 cells. Taken together with reporter assays these

results have suggested the mot-2 mediated abrogation of nuclear translocation and inac-

tivation of p53 function. Functional inactivation of wild-type p53 by its abnormal cyto-

plasmic sequestration has been reported in a subset of neuroblastomas[26], the mecha-

nism of this sequestration has not been elucidated. Ostermeyer et al[27] have reported

that the C-terminus of p53 is involved in cytoplasmic aggregates in neuroblastomas. We

have observed coimmunolocalization of p53 and mortalin in the cytoplasm of human

glioblastoma cells, SY-5Y, A-172 and YKG-1[2].

� Fig 3.

A, Cells were double stained with monoclonal anti-p53 (PAb421; Calbiochem) and polyclonal anti-

mortalin antibodies, and visualized by secondary staining with FITC-conjugated sheep anti-mouse

IgG and TRITC-conjugated donkey anti-rabbit IgG (Amersham Corp.). Immunofluorescence as

observed under epifluorescence microscope is shown.

B, Three-dimensional images with enhanced fluorescence were obtained using laser digital imaging

microscopy with a 40 X Plan-NEOFLUAR objective on a Zeiss Axiophot microscope (Carl Zeiss,

Germany) equipped with a CELLscan System (Scanalytics, Billerica, MA). The extent to which the

two proteins were similarly distributed was assessed by combining the two images using computer

graphics software. The individual mortalin and p53 images were seen as typical red and green

fluorescence and the colocalized regions appeared yellow under this program.

NIH 3T3/mot-2  inactivation of the p53 protein
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Interestingly, p53 lacking in its C-terminus did not bind to mot-2 in in vitro mot-2/p53

binding assays (unpublished observations). Taken together, it is suggestive that mortalin

may be involved in abnormal cytoplasmic sequestration and inactivation of wild type p53

in these cells.

In summary, we have shown nuclear exclusion and reduced steady-state level of p53 in

NIH 3T3 cells malignantly transformed by stable expression of mot-2. Such mot-2 medi-

ated inactivation of wild type p53 may operate, at least in part, for their malignant prop-

erties.
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