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Abstrad

HL6O cells, which lack the p.5.3 gene due to a deletion,

were used as an in vitro model system to study the

effed of wild-type p53 gene expression on

hematopoietic differentiation. We transfeded HL6O cells

with wild-type p53 and two mutant p.53 cDNAs

encoding the Val to Ala mutation at codon 1 43 and the

Arg to Trp mutation at codon 248. Flow cytometry,

growth, and cytochemical analysis for a-napthyl-

butyrate esterase adivity and nitroblue tetrazolium

redudion indicated that wild-type p53 but not mutant

p53 induced early monocytic differentiation in the

transfeded HL6O cells without terminal growth arrest.

The wild-type p53 transfedants did not differentiate

along the granulocytic pathway, even when induced

with 1 .25% DMSO for 6 days; rather, these cells

resembled monocytic cells, confirming that wild-type

p53 transfection caused these cells to become

committed to differentiate along the monocytic

pathway. HL6O cells transfeded with wild-type p.5.3

were more sensitive to stress, such as growth in serum-

depleted medium and exposure to a chemotherapeutic

agent, etoposide.

Introdudion

The tumor suppressen gene, p53, is the most frequently

mutated gene identified in human neoplasms (1, 2). Inac-

tivation on disruption of normal p53 function by mutation,

deletion, rearrangement, on binding to amplified gene prod-

ucts such as MDM2 have been described (3-5). Recent

evidence suggests that p53 acts as a tumor suppressen by

preventing the propagation of DNA damage to progeny or

daughter cells (6). Wild-type p53 protein enters the nucleus

during DNA synthesis, transcniptionally activates other

genes, and regulates the onset of DNA replication at the
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G1-S boundary (7). Apart from its tumor suppressen func-

tion, it is becoming increasingly evident that p53 partici-

pates in some manner in the processes of cellular diffenen-

tiation. Tnansfection of wild-type p53 into K562 and Li 2

cells resulted in the differentiation into more mature ery-

throid and into a more advanced stage in the pathway of

B-cell maturation, respectively (8, 9). To study the possible

involvement of p53 in cellular differentiation, we chose

HL6O cells as an in vitro model system. There are two

important advantages of the HL6O model system; (a) HL6O

cells completely lack p53 message and protein due to a

major deletion in the p53 gene, thereby providing a p53

minus background (10); and (b) the HL6O cell line can be

induced in vitro to differentiate into a variety of different

well-characterized cell types, making it possible to study

differentiation (1 1 ). In this communication, we present ev-

idence to show that transfection of wild-type p53 into HL6O

cells results in differentiation into cells of the monocytic

lineage without induction of terminal growth arrest. More-

over, these wild-type p53-tnansfected cells are more sensi-

tive to stress situations than the parental on mutant p53-

transfected cells.

Results

Establishment of HLGO Lines Expressing Wild-Type and

Mutant p.5.3. Parental HL6O cells were transfected with

mammalian expression vectors containing p53 cDNA

(wild-type, SN3; mutant 143, SCX3; mutant 248, 248)

under control of a CMV promoter and containing the

neomycin phosphotransfenase gene. Single-cell initiated

colonies were selected in 800 pg/mI of G-418; parental

nontransfected HL6O cells did not survive this concen-

tration of G-41 8. Successful transfectants were selected

as “single cell clones” by serial dilution of transfected

cells in 96-well plates in G-41 8. Wild-type p53-tnans-

fected cells gave rise to only three clones, while the

mutant p53-tnansfected cells, as well as the parental

HL6O cells transfected with pWLNeo, gave rise to more

than 20 clones. Stable cell lines were established by

growing three clones from each transfectant in 5-mI cul-

tunes in the presence of 800 pg/mI G-4i 8.

The cell lines were then examined for expression of the

transfected p53 cDNA by RT-PCR (shown in Fig. 1). To

prove that the transfectants contained the wild-type on

mutated p53, the cDNAs were sequenced after amplifi-

cation by PCR. The correct sequences from the wild-type,

mutant 143 and mutant 248 transfectants were obtained

(data not shown). Expression of the p53 protein in the

tnansfectants was visualized by immunocytochemical

staining and was quantitated by image cytometry. The

levels of p53 protein expressed in the wild-type p53

transfectants were low, and thus image analysis using

software-driven videography was used to quantitate the

immunostained cells. Fig. 2 shows the histograms of
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Fig. 1. Expression oi p53 visualized as T7 RNA polymerase-transcribed

product trom PCR amplification of reverse-transcribed p53 cDNA from the
wild-type )SNI, Lane 3); mutant 143 (SCX3. Lane 4); and mutant 248 (248,

Lane 5) transfected HLb() cells. A, fragment of p53 gene spanning exons 5 to

6; 8, fragment spanning exons 6 to 8. Lane 2. complete absence of product

troni parental HL6O cells due to lack of expression of any p53 message. Lane

1, control plasmid containing wild-type p53 sequence, which was PCR

amplifie(l using the primer set 314/315 for exons 5 to 6 and primer set

T7B/t 63 for exons 6 to 8.
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p53 protein. Using Raji cells that express mutant p53 as

the positive control (1 00%), the average levels of expres-

sion of wild-type p53 was 1 .5%, mutant 1 43 was 6%, and

the mutant 248 was 1 5% in the various transfectants.

Growth Analysis. The effect of expression of pS3 (wild-

type as well the mutants) on growth of HL6O cells as doubling

time in liquid suspension culture and colony formation in soft

agarose was evaluated. The growth of the three clones from

each transfectant and the parental cells in suspension culture

was measured over a period of 5 days (Fig. 3). Although

transfection of wild-type p53 did not induce terminal growth

arrest of HL6O cells, all three clones of cells expressing wild-

type p53 had a marginally longer doubling time and a lower

saturation density in suspension culture as compared to both

the parental (pWLNeo-tnansfected) cells and the cells tnans-

fected with the p53 mutant cDNAs. As the growth character-

istics of the three wild-type p53-transfected clones were sim-

ilar to each other, clone 1 from each transfectant was used for

additional studies. Phase contrast microscopy of the cells in

suspension culture revealed that cells transfected with wild-

type p53 grew as scattered cells, while the parental and mu-

tant p53-transfected cells grew as clumps of cells both in

sparse as well as dense cultures (data not shown). The colony

forming ability in soft agarose of the mutant p53-tnansfected

cells was comparable to that of the parental cells (average

colony- forming ability in soft aganose was 25% for the mutant

p53-transfected cells and 29% for the parental HL6O cells).

The number of colonies formed by wild-type p53-transfected

cells was consistently less (average colony-forming ability was

12%) than both parental as well mutant p53-tnansfected cells.

The morphology of the colonies formed by the cells trans-

fected with the wild-type p53 cDNA was different from the

morphology of colonies formed by the other cell lines. The

colonies from parental cells and the cells transfected with the

mutant p53 cDNAs formed large compact colonies (Fig. 4;

panels 1, 3, and 4), while the wild-type p53-transfected cells

formed loose colonies of scattered cells resembling colonies

formed by cells that are more differentiated (Fig. 4, panel 2).

All colonies contained clonogenic, viable cells as these could

be propagated in liquid suspension culture.

Morphological and Cytochemical Charaderization of

the Cell Lines. To determine if wild-type or mutant p53

cell lines showed evidence of monocytoid or granulo-

cytic features, we examined the cell lines for morphology

and enzyme activities by histochemical staining. Cyto-

spin preparations of the four cell lines were stained with

modified Wright’s stain. Morphologically, the parental

cells and the transfected cells (both wild-type and mu-

tants) were indistinguishable (parental cells shown in Fig.

7A, panel 1; wild-type p53 transfectants shown in Fig.

78, panel 1). Cytochemical staining for a-napthyl bu-

tyrate estenase, an enzyme activity found in monocytic

cells, was positive for nearly every cell (greaten than 99%)

transfected with wild-type p53 cDNA (Fig. 5A) but was

almost completely absent (less than 5%) in both parental

(Fig. SB) and mutant p53 cDNA-transfected cells (data

not shown). The wild-type p53-transfected cells also

showed dense intracellular fonmazan deposits indicative

of NBT4 reduction in about 30% of cells as compared to
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Fig. 2. Image analysis of p53 immunostain from the parental and the three

iransf#{128}stants. The shift to the left of the Gray level is ProPortional to the

intensity of p53 immunostain. The levels of pSi in the wild-type p53-

transtected cells are lower than ihe levels in the two mutant p.5.3 transfec-

tants.
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intensity versus the number of pixels for each of the

transfectants. The shift to the left of the peaks of intensity

in the Gray level is indicative of positive immunostain for

4 The abbreviations used are; NBT, nitroblue tetrazolium; TPA, 1 2-O-tetra-

decanoylphorbol-1 3-acetate; vp-i 6, etoposide; xTT, 2,3-bis(2-methoxy-4-

nitro-5-sulfophenyl-)-5-l(phenylamino) carbonyll-2H-tetrazolium hydroxide

inner salt, sodium salt.
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Fig. 3. A, growth in liquid sus-

pension culture over a period of 5

days shows that the wild-type p53

cells do not undergo growth ar-

rest, although they have a margin-

ally longer doubling time and a

lower saturation density than the

parental or the two mutant p53-

transfected cells. values represent

the means offour independent de-

terminations using three individ-

ual clones of each of the different

transfectants; bars, SD. B, growth

in liquid suspension culture for 5

days of the three individual wild-

type p53-transfected clones as

compared to the growth ofthe pa-

rental HL6O cells. The growth of

the three clones SN3-i , -2, and -3

appear to be quite similar to each

other and are quite distinct from

the growth of the parental cells;

bars, SD.

-B-- S -#{149}e-- SN3-1 -A-S- SN3-2 -v- SN3-3

negligible NBT reduction in the parental cells as well as

the cells transfected with mutant p53 cDNAs, where less

than 5% of cells showed some fonmazan deposits (data

not shown).

Surface Marker Analysis. Surface marker analyses for

CD38, 34, 33, 56, 1 6, 1 5, 1 4, 1 3, and 1 1b were carried out

by flow cytometry. All ofthe four cell types were positive for

CD38, 33, 1 5, 1 3, and 56 but negative for CD34, 1 6, and

14. The HL6O cells transfected with wild-type p53 cDNA

were strongly positive (60-80%) for the CD1 1 b surface

marker (Fig. 6, panel 2B), while the parental cells and the

cells transfected with the mutant p53 cDNAs had the

CD1 1b marker present in less than 5% of the cells (Fig. 6,

panels 18, 3B, and 48). The cells transfected with the

mutant p53 cDNAs did not show any change in fluones-

cence for the CD1 1 b marker.

DMSO- and TPA-induced Differentiation. In the pres-

ence of DMSO, parental HL6O cells as well as the cells

tnansfected with the two mutant p53 cDNAs differentiated

along the granulocytic pathway with an increase in banded

neutnophils (shown for parental cells in Fig. 7A, panel 3).

Initiation of morphological differentiation was apparent in

about 25-30% of the parental cells treated with either

DMSO or TPA. This agreed well with the increase in ex-

pression of the CD1 1 b surface marker after addition of the

differentiation inducing agents. NBT reduction increased to

approximately 30% of the cell population upon induction

with DMSO, suggesting that functional differentiation had

taken place. There was no evidence of nonspecific estenase

activity as measured by cytochemical staining for a-napthyl

butynate estenase, suggesting a lack of monocytic diffenen-

tiation. The percentage of cells expressing the CD1 1 b sun-

face marker increased from less than 5% to about 20% for

the parental and the mutant p53-transfected cells. There

was no significant increase in the surface marker CD1 5

upon induction, however, as almost 80 to 90% of the

uninduced cells expressed the CD1 5 marker; any further

increase would be difficult to estimate with confidence. The

CD1 4 surface marker was not detectable in any of the cells,

even after induction with DMSO. HL6O cells transfected
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Fig. 4. Growth in soft agar. The

cells from the parental (panel 1)

and the mutant p53-transfected

cells (mut 1 43, panel 3; mut 248,

panel 4) appear to grow as large

compact colonies in soft agar,

while cells from the wild-type

transfected HL6O cells grow as

loose colonies of dispersed cells

( panel 2). Data are presented for

clone i of all four transfectants.

with the wild-type p53 cDNA upon induction with DMSO

did not show an increase in banded neutrophils; in fact, the

cells appeared more monocytic than granulocytic (Fig. 7B,

panel 3). The nonspecific esterase activity and NBT reduc-

tion remained unchanged. The CD15 (80-90%) and

CD1 1 b (60-80%) surface marker expression remained at

preinduction levels. There was no detectable expression of

the CD14 surface marker.

Treatment of parental as well as the mutant p53-trans-

fected cells (data not shown) with TPA resulted in mono-

cytic differentiation as evidenced by morphological char-

actenistics (Fig. 7A, panel 2: parental cells). Changes in

surface markers were similar to those seen for DMSO in-

duction, except that the CD1 1 b marker was expressed in

approximately 40% of cells. Treatment of wild-type p53-

transfected cells with 1 0 nM TPA also resulted in the ap-

pearance of monocytic morphological characteristics

within 24 h and remained unchanged for the 6-day period

(Fig. 78, panel 2). Expression of the surface markers CD1 4

and CD1 5 remained unchanged from the preinduction 1ev-

els, while the CD1 1 b marker expression went up from

60-80% to greater than 90% in TPA-treated cells. There

was no change in the nonspecific esterase activity and the

NBT reduction in these cells (results are summarized in

Table 1).

Response to Stress. HL6O cells transfected with wild-

type p53 were more sensitive to stress conditions, such as

growth in serum-depleted medium and the presence of

an anticancer agent such as VP-16, than the parental or

the mutant p53-transfected HL6O cells. The results of

growth in serum-depleted medium is shown in Fig. 8. All

three clones of cells transfected with wild-type p53 are

unable to survive in serum-depleted medium for more

than 6 days (viability was nil at the 144-h mark; i.e., all

cells examined took up trypan blue), while SO% or more

of the parental and the mutant p53-transfected cells

could still exclude trypan blue at the 144-h mark under

the same serum-depleted conditions. Microscopic exam-

ination of stained cytospin preps of the various cells from

serum-depleted medium showed that wild-type p53

transfectants underwent apoptotic death, characterized

by increased formation of cytoplasmic vacuoles and dis-

integration of the cell membrane, along with fragmenta-

tion of the nucleus (data not shown).

We next examined the cytotoxicity of an anticancer

agent, VP-i 6, toward the various HL6O cell lines using a

5-day exposure and the XTT assay to measure cell survival

Fig. 5. Cytochemical staining for cr-napthyl butyrate esterase activity. Wild-

type p53-transfected HL6O cells (clone 1 ) are positive for a-napthyl butyrate

esterase (panel 2), indicating monocytic differentiation, while the parental

HL6O cells in panel 1 are negative for the nonspecific esterase activity but

take up only the methylene blue counterstain.

at the end of the drug treatment. The results are shown in

Fig. 9A. It can be seen that the IC50 of VP-i 6 in wild-type

p53-transfected HL6O cells is lower (2.5 X 10� M) com-

pared to the parental (1 .5 x 1 0� M) or the mutant 1 43 (9 X

10_B M) and the mutant 248 (7 x i0#{176}M) transfected cells.

A separate experiment was set up where cells were treated

with 1 � M VP-i 6 for 24 h and then examined for evidence

of apoptosis by microscopy as well as DNA laddening.

Upon microscopic examination, it was apparent that a

majority of the wild-type p53-transfected cells were under-

going apoptotic death. Ethidium bromide staining of the

agarose gel revealed DNA laddening in wild-type p53-

tnansfected cells that had been exposed to 10� M VP-i 6 for

24 h (shown in Fig. 9B).

Discussion

Transfection of wild-type pS3 cDNA into HL6O cells re-

suIted in early changes of monocyte differentiation with-

out inducing terminal growth arrest and without apparent

morphological changes. This conclusion is supported by

colony formation in soft agar, the presence of nonspecific

esterase activity, and NBT reduction consistent with a

more mature phenotype. Expression of the CD1 1 b sun-
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face marker also increased in cells transfected with wild-

type p53. The CD1 1 b antigen is part of the hetenodimen

CD1 1 b/CD1 8, the C3 complement receptor, a marker of

myeloid differentiation (i2-i9). The CD11b is not ex-

pressed to any great extent on the surface of HL6O cells

but increases when HL6O cells are induced to diffenen-

tiate into granulocytes, monocytes, on macnophages (1 5,

1 9). It has been shown recently by Zhang et a!. (20) that

when HL6O cells are induced to differentiate with TPA on

vitamin D3, the increase in CD1 1 b expression is greater

than when the same cells are induced with DM50 on

netinoic acid, suggesting that cells committed along the

monocyte/macnophage pathway express more CD1 1 b

marker than cells committed to the granulocytic path-

way. The observation that HL6O cells transfected with

wild-type p53 show a dramatic increase in CD1 1 b ex-

pression is probably related to the fact that these cells are

committed along the monocytic pathway. Complete dif-

fenentiation of HL6O cells into mature monocytes on mac-

nophages is accompanied by increased expression of an-

other marker, the CD1 4 antigen (1 5, 1 9). The lack of

CD14 expression on the surface of wild-type p53-trans-

fected HL6O cells is consistent with the lack of morpho-

logical changes observed, i.e., that these cells had not

undergone complete differentiation.

Phonbol esters, e.g., TPA, which also induce monocytic

differentiation in HL6O cells, fail to induce expression of the

CD1 4 surface marker while dramatically increasing CD1 1b

expression (1 5). It has been suggested that TPA induces

partial but not complete differentiation in HL6O cells (i 1),

similar to the effect of wild-type p53 expression as de-

scnibed in the present report. It is of interest that ML-1 cells,

a human myeloblastic leukemia cell line, when induced to

differentiate with TPA, show a dramatic increase in endo-

genous wild-type p53 levels, suggesting that the primary

differentiation-inducing effect of TPA may be regulated

through p53 (21). However, the fact that HL6O cells, which

lack endogenous p53, can also be induced to differentiate

with TPA argue against an essential role of p53 in hemato-

poietic differentiation. It should be pointed out, however,

that in HL6O cells, almost 50 times more TPA is required to

induce differentiation than for ML-i cells (22). Therefore,

in the absence of p53-induced signals, there may be an

increased requirement of TPA to produce monocytic

differentiation.

Soddu et a!. (23) have reported recently that introduction

of wild-type p53 in HL6O cells induces myeloid diffenenti-

ation, as indicated by an increase in expression of CD1 5

surface antigen accompanied by morphological changes

characteristic of granulocytic differentiation. The reasons

for the apparent discrepancy in the results of the present

study and that reported by Soddu et a!. (23) are not clear.

The HL6O cell line that was used in the present study, when

induced to differentiate with 1 .25% DM50 for 6 days,

shows morphological neutnophilic bands but no segmented

neutnophils, in agreement with the early report of Collins et

a!. (1 3). However, the wild-type p53-transfected cell line

does not differentiate along the granulocytic pathway, even

in the presence of 1 .25% DMSO for 6 days, suggesting that

these cells are probably committed to differentiate along the

monocytic pathway.

p53 is not expressed in very early hematopoietic progen-

itons, but as these cells differentiate into various lineage-

specific cells, the expression of endogenous p53 increases,

supporting a role for p53 in hematopoietic cell diffenentia-

tion (21). Previous work on Li 2 and K562 cells demon-

strated that transfection of wild-type p53 induced diffenen-

tiation (8, 9). In both instances, the wild-type p53-induced

differentiation was not accompanied by terminal growth

arrest. This contrasts with previous work on glioblastoma,

fibnoblast, and colonectal carcinoma cell lines that mdi-

cated that transfection of wild-type p53 resulted in growth

arrest (24-26). It is possible that expression of wild-type

p53 results in terminal growth arrest in cells that are already

moderately differentiated but not in less differentiated cells,

such as Li 2, K562, and HL6O cells. It should be noted that

although terminal growth arrest was not observed either in

Li 2 on K562 cells after transfection with wild-type p53 (8,

9), expression of p53 resulted in lower saturation densities.

Moreover, as pointed out by Feinstein et al. (8), it is likely

that successful wild-type p53 transfectants that did not ne-

suIt in terminal growth arrest could be obtained only be-

cause the experimental system selects for those clones that

have a very modest level of wild-type p53 expression (8).

Response to stress was accentuated in cells expressing

wild-type p53 as compared to cells that either lacked p53 on

expressed the mutant forms of p53. The results suggest that

reintroduction of wild-type p53 may restore sensitivity to

anticancer agents and may be therapeutically beneficial. It

has been suggested that in the absence of p13, cells ex-



I 2 3

I

B

I 2 3

-

1410 Translection of Wild-Type pSi in HL6O Cells

Fig. 7. A, parental HL6O cells

(uninduced; panel 1) undergo

morphological differentiation into

monocytes when induced with 10

nM TPA (panel 2) and into imma-

lure granulocytes when induced

with 1 .25%, DMSO ( panel 3) for 6

days. B, wild-type p53-transfected

cells undergo morphological dif-

ferentiation only into monocytic

cells when induced with either 10

nM TPA (panel 2) or 1.25%

DMSO ( panel 3). Data were gen-

erated using clone i.

Table 1 Summary 01 md uction of differe ntiati on” w ith DM5 0 and TPA

Cell line” Inducing agent NSE NBT CD11b CD14 CD15

HL6O - - - - +++

HL6O 1 .25”/ DMSO - + + - +++

HL6O 1OnMTPA ++ + ++ - +++

HL6O-wtp53 +++ + ++ - +++

HL6O-wtp53 i .25%DMSO +++ + ++ - +++

HL6O-wtp53 tOnM TPA +++ + +++ - +++

., +, ++, and +++, degree of activity or expression; -. absence of activity or

expression.

I, wt, wild-type.

pressing oncogenes are unable to undergo apoptosis in

response to environmental stress such as chemotherapy or

mitogen deprivation (27, 28). The association of p53 with

the apoptotic pathway predicts that reintroduction of wild-

type p53 function into p53 null cells will enhance stress-

induced apoptosis (29). An increase in chemosensitivity to

cisplatin after introduction of wild-type p53 was reported

using adenovirus-mediated gene transfer in a human non-

small cell lung cancer line H358 (30). The results may

explain why tumor cells that lack p53 or express a mutant

form of p53 are generally more resistant to stress conditions

including chemotherapy. Interestingly, constitutive c-jun

expression in U937 cells causes partial macrophage differ-

entiation, accompanied by increased susceptibility to se-

rum depletion. Although parental U937 cells as well as

c-myc-transfected cells grew unabated in medium contain-

ing 0.5% serum, growth of the c-jun-expressing U937 cells

was inhibited (3i).

HL6O cells expressing wild-type as well as mutant p53

will be of value in studying stress-induced apoptosis. More-

over, these cells provide a useful model for the study of the

early changes involved in myeloid differentiation, and we

are currently exploiting this system to characterize differ-

entially expressed genes that may be important in such

differentiation.

Materials and Methods

Cell Culture. HL6O cells were obtained from American

Type Culture Collection (Rockville, MD) and maintained in

RPMI 1 640 containing 1 0% fetal bovine serum, 2 mrsi L-

glutamine, and penicillin (iOO units/mI) plus streptomycin

(iOO pg/mI). Cells in suspension culture were passaged

weekly after 1 :10 dilution. Transfection of wild-type and

mutant p53 cDNA containing plasmids was carried out

using the N-[i -(2,3-dioleoyloxy)propyll-N,N,N-tnimethyl-

ammonium methyl sulfate (DOTAP) transfection reagent

(Boehninger Mannheim, Indianapolis, IN), according to the

manufacturer’s instructions. The wild-type and two mutant

p53 plasmids (the i43 mutant with a valine to alanine

change at amino acid residue i 43; and the 248 mutant with

a arginine to tryptophan change at amino acid residue 248)

were obtained from Dr. Bert Vogelstein (Johns Hopkins,

Baltimore, MD). As a control, the parental HL6O cells were

transfected with the vector pWLNeo (Stratagene, La Jolla,

CA). Cells (i x 1 06) were used per transfection. Selection

for successful transfectants was carried out by serial dilution

in 96-well plates in media containing 800 pg/mI of G-4i 8.

The p53 plasmids contained the neomycin phosphotrans-

ferase gene as a selectable marker. Clones of G4i 8-resistant
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Fig. 8. Viability of cells in serum-

depleted medium. HL6O cells trans-

fected with wild-type p53 are more sen-

sitive to serum deprivation than the

parental or the mutant p53-transfected
cells. After 72 h of culture in serum-

depleted medium, 100% of the wild-

type p53-transfected HL6O cells took up

trypan blue. The parental as well as the

mutant p53 transfectants, on the other

hand, were quite resistant to serum de-

privation and showed greater than 50%

trypan blue-excluding cells, even after 6

days in serum-depleted medium. Data

presented for parental, mutant 143, and
mutant 248 transtected cells are the av-

erage of two independent experiments

using clone 1 from each set and is com-

pared with the average of two indepen-

dent experiments using all three clones

of the wild-type p5.3-transfected cells.

Fig. 9. A, Cytotoxicity of VP-16. HL6O cells transfected with wild-type p53 are more sensitive to VP-i6 than the parental or the mutant p53-transfected HL6O

cells as measured l)y the XTT assay after a 5-day exposure to the drug. Data represents the means of three independent determinations using clone 1 from each

transfectant; bars, SD. B, DNA fragmentation after VP-lb treatment. Wild-type p53-transfected cells treated with l0� si VP-i6 for 24 h show characteristic

apoptotic DNA laddering Lane 31. which can be seen at the bottom of Lane 3, where the approximately 200-hp nucleosomal ladder is visible. The drug-treated

parental (Lane 11 or the mutant 143-transfected (Lane 51 cells do not show any evidence of DNA damage. Lanes 2 and 4, untreated wild-type p53 and mutant

1 43-transtected cells, respectively. Lane 6 contains ‘Xl 74 Haelll-digested DNA size markers. Genomic DNA was isolated from drug-treated and untreated cells

and electrophoresed in a 1 .5% TBE agarose gel for 1 .5 h. At the end of the run, the gel was stained with ethidium bromide and photographed on a UV

transilluminator. Clone 1 from each set of transfectants was used in this experiment.

cells obtained were expanded and then analyzed for ex-

pression of the transfected p53 gene. RNA was isolated and

reverse transcribed to cDNA from parental and transfected

cells as described previously (32). The RNA was treated

with DNase to eliminate the possibility of genomic DNA

contamination. A fragment of the p53 gene spanning exon

4 to exon 9 was PCR amplified using the primer set 3i4/

334. The PCR reaction was diluted 1 :20, and a second

round of PCR was performed with the nested primer sets

314/315 and T7B/163. The primer set 3i4/315 amplifies a

2i 5-base fragment spanning exons 5 to 6, while the primer

set T7B/1 63 generates a 29i -base fragment spanning exons

6 to 8. The cycling program consisted of 35 cycles of a

denaturing step at 96#{176}Cfor 60 s, an annealing step at 60#{176}C

for 60 5, and an extension step at 72#{176}Cfor 60 s for the

primary PCR. The secondary PCR with nested primers was
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performed with the same PCR conditions, except only for

30 cycles. Each 5’ primer had a T7 promoter sequence

attached to allow a T7 RNA polymenase transcription. The

transcription reaction was electrophoresed on a 6% dena-

tuning polyacrylamide gel. The dried gel was exposed to

Kodak XAR5 film. Cycle sequencing of p53 cDNA was

performed (according to the manufacturer’s manual;

GIBCO-BRL) to confirm that the connect transfected cDNA

was being expressed. A fragment of the p53 gene spanning

exons 4 to 9 was amplified by PCR using the primer set

3i4/334. The PCR reaction was diluted 1 :1000, and a

second round of PCR was performed with the nested primer

set 31 4/1 66. This fragment was purified using an Amicon

Centnicon-i 00 concentrator and sequenced with 32P-end

labeled primers 76 and i 1 i . The cycling program consisted

of 20 cycles of a denaturing step at 96#{176}Cfor 60 s, an

annealing step at 60#{176}Cfor 60 s, and an extension step at

72#{176}Cfor 60 s. A 2-uI aliquot of the sequencing reaction was

electrophonesed on a 6% denaturing polyacrylamide gel.

The dried gel was exposed to Kodak XAR5 film for autora-

diography.

The sequences of the primers used were: p53-76, AGGGC-

CAGACCATCGCTAT; p53-i i 1 , ACCACCATCCACTACAAC-

TAC; p53-i 63, GGTGAGGCTCCCCTTTCTTGC; p53-i 66,

GGGCAGCTCGTGGTGAGGCTC; p53-3 i 4, CAGCCAA-

GTCTGTGACUG; p53-31 5, TAATACGACTCACTATAGGG-

AGCAGCGCTCATGGTGGGGCAG; p53-334, CTGAAGG-

GTGAAATATTCTCCATC; and p53-T7B, GATAATACGA-

CTCACTATAG-GGATGACAGAAACACm.

Growth Studies. Cell growth and viability (trypan blue

exclusion) were measured oven a period of 6 days. Colony

formation was carried out by plating 500 cells in media con-

taming 0.3% agarose overlayed on a basal layer of media

containing 0.5% aganose. Colony number and colony mon-

phology were examined after 12 days, and the colonies were

photographed using a Zeiss photo microscope.

Morphological and Cytochemical Staining. Cytospin

preparations of the parental and p53-transfected HL6O cells

were made on a Shandon Cytospin 2 centrifuge (Shandon

Southern Products, Ltd., Cheshire, United Kingdom) and

stained for morphological characteristics with modified

Wright’s stain. Staining for a-napthyl butyrate esterase and

NBT reduction were carried out on cytospin preparations of

cells according to the manufacturer’s instructions using re-

agents from Sigma Chemical Co. (St. Louis, MO). Results

were documented by photography using a Zeiss photomi-

croscope.

Cell Surface Marker Studies. Surface antigens specific

for different cell types expected from differentiating HL6O

cells were determined by using fluonescently tagged mAbs

specific for the various antigens on an Epics Profile FACS

analyzer (Coulter Electronics, Hialeah, FL).

Indudion of Differentiation with DMSO and TPA. The

parental, wild-type, and mutant p53-transfected cells were

treated with 1 .25% DM50 on with 1 0 flM TPA and followed

for 6 days for evidence of differentiation by examining

cellular morphology, cell surface marker changes, and en-

zyme activities by histochemical staining.

Immunostaining and Image Cytometry. Immunocyto-

chemical staining for the presence of both wild-type and

mutant p53 protein in the transfectants was carried out

using the monoclonal mouse anti-human p53 protein DO-7

obtained from Dako A/S (Glostrup, Denmark). Cells were

air dried on slides and then stained at a dilution of i :5.

Image capture of representative fields of cells was done by

use of an Optnonics color CCD camera (768 X 494 pixels,

470 TVL resolution) with interlaced RGB output to a

Tanga+64 (Truevision) videographics framegrabben in an

EISA 486/50 Mhz PC using Image Pro Plus version 2.00.06

(Media Cybernetics) as the Image analysis and operating

environment. A Laborlux-S microscope with the X40 pla-

nachnomat objective and Koehlen condenson adjustment of

the halogen lamp were used. Background correction was

done using pained stage-down defocused image files. Im-

ages were multiframe captured (30-s frames). No contrast

enhancement was used. Outlines, 1 -pixel width, of cells by

the immunostain colon selection menu were written to the

bitmaps; the intensity (green) channel of the resulting com-

posite images was extracted for area-of-interest pixel histo-

gram measurement. The resulting histograms of intensity

versus number of pixels clearly showed isolation of immu-

nostain peaks and represent the results of 1 00 cells/image.

The average SD of peaks in replicate determinations was

less than 2 Gray level units. A shift to the left in Gray level

is indicative of positive staining. A similar shift of the peak

in a histogram of fluonescently labeled p53 antibody has

been used for quantitation of very small amounts of p53 in

hematopoietic cells (33).

Growth in Serum-depleted Medium and VP-i 6 Cytotox-

icity. Cells growing in RPMI 1640 co.itaining iO% FBS

were pelleted and resuspended in RPMI 1640 without se-

rum. Viability of cells in this serum-depleted medium was

determined by trypan blue exclusion.

Cytotoxicity of VP-i 6 was determined by plating cells in

normal growth medium and exposing them to various con-

centrations of VP-i6 for 5 days; at the end of which, the

metabolically active cell numbers were determined by the

XTT assay, based on the microculture tetrazolium assay, as

described previously (34). This assay measures the meta-

bolic reduction of tetrazolium salts to water-soluble

formazans by viable cells. Genomic DNA was isolated from

cells treated with VP-i 6 (1 0� M, 24 h) and electrophoresed

to examine VP-i 6-induced laddening.
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