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ABSTRACT

The abundance of the mRNAs of two growth-related genes, vimentin
and c-//in. and that of the corresponding proteins have been studied in
unstimulated and phytohemagglutinin-stimulated lymphocytes as well as
in 18 populations of leukemic blast cells. The quantitative assay was
carried out by densitometric scanning of Northern and Western blots. In
normal lymphocytes the mRNA and the protein of both genes were
almost undetectable. The phytohemagglutinin stimulation led to a sharp
increase of the mRNA and the proteins of vimentin and I--/HIT.The

increase was followed by a progressive fall of the gene products. The rate
of decrease of the two mRNAs was similar to that of the corresponding
proteins. In some leukemic populations very similar amounts of the
vimentin protein were accompanied by amounts of the mRNA differing
at least 25 times. Not unlikely, very similar amounts of p62c~"urcorre

sponded to mRNA abundances differing at least 16 times. The coordi
nated biogenesis of both messenger RNAs and proteins, which occurs in
mitogen-stimulated lymphocytes, is substituted, in approximately 30%
of the leukemic blast cell populations, by molecular events leading to the
accumulation of an excess of mRNA.

INTRODUCTION

Previous experiments in our laboratory and others have
shown that the expression of some growth-related genes in
acute leukemia blast cells is characterized by considerable het
erogeneity ( 1-5). One of the growth-related genes so far studied,
vimentin (6), is expressed at significant levels in approximately
50% of the leukemic populations. Since the protein coded by
this gene belongs to the class of the intermediate filaments, and
thus is a component of the cytoskeleton in mesenchymal cells
(7), the almost complete lack of expression of the gene in a
considerable percentage of the cell populations was difficult to
explain. Another growth-related gene, the expression of which
was found to differ remarkably in leukemic blasts, was the c-
myc gene (1, 8). It was in fact observed that in a significant
number of cases this gene, whose relationship to the cell cycle
progression is commonly accepted (9), was remarkably ex
pressed in noncycling cells (10, 11). On the other hand, the lack
of a direct relationship between the level of a specific mRNA
and that of the corresponding protein has been occasionally-

reported. Particularly significant is the observation that in blast
cells of some cases of ALL' the myeloperoxidase mRNA is

present at high levels, whereas the corresponding protein is
undetectable (12). The discrepancy between the abundance of
the mRNA and the abundance of the corresponding protein for
a differentiation-related gene such as the myeloperoxidase
raises the question whether such a discrepancy may also occur
for growth-regulated genes. In this regard, it is worth mention-
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ing that in the mouse spleen the p53 mRNA is expressed at
high levels without any evidence of the corresponding protein
(13). Therefore, we studied the levels of the mRNA and of the
related protein of two growth-related genes, vimentin and c-
myc, in 18 populations of leukemic blast cells.

MATERIALS AND METHODS

Cell Characterization. The blast cell populations were obtained by
leukapheresis before any treatment with antineoplastic drugs from 15
patients with acute leukemia of both myeloid and lymphoid types, from
2 patients with chronic myeloid leukemia in blast crisis, and from 1
patient with myelofibrosis in blast crisis. In all cases the blast cells
represented more than 90% of the cells in the peripheral blood (Table
1). The phenotype in each case was defined by morphological, cyto-
chemical, immunological, and genetic criteria. Morphological and cy-
tochemical evaluations were performed by standard criteria. Surface
marker analysis was performed by indirect immunofluorescence using
the monoclonal antibodies indicated in Table 1. The genetic analysis
was carried out by monitoring the immunoglobulin and ; chain T-cell
receptor genes and the ber gene rearrangements. PHA-stimulated lym
phocytes were prepared according to the method of Torelli et al. (14).
The HL60 cells were grown as described by Torelli et al. ( 15).

Molecular Probes. The DNA fragments obtained from the recombi
nant plasmids carrying the gene sequences studied were described by
Ferrari et al. (8, 11) and by Selleri et al. (16).

DNA Labeling. All the purified inserts were labeled using the ran
dom-priming labeling technique described by Feinberg and Vogelstein
(17). The specific radioactivities were in the range of 1 to 3 x 10*cpm/

tig DNA.
RNA Extraction and Northern Blot Analysis. Total cellular RNA was

extracted from leukemic blast cells and from normal peripheral lym
phocytes before and after stimulation with PHA using a modification
of the guanidinium isothiocyanate/phenol procedure as described by
Chomczynki and Sacchi (18). The Northern blot analysis was per
formed as described by Ferrari et al. (1). Densitometer scanning of the
filters was performed with the aid of an LKB soft laser densitometer.
The accuracy of the linearity of the densitometer readings was tested
by analyzing the X-ray films of the same Northern blot developed at
different times of exposure. To check the amounts of total cellular
RNA blotted in each lane we hybridized the membrane with the /3-actin
and the /3:-microglobulin complementary DNAs as described by Ferrari
et al. (8, 11).

Southern Blot Analysis. Leukocyte-enriched plasma was diluted in
RPMI and centrifuged to obtain cell pellets from which DNA was
isolated according to the technique of Gross-Bellard et al. (19) with
minor modifications. Control DNA was extracted from leukocytes of
two normal blood donors. A standard Southern blot technique was used
(20).

Western Blot Analysis. The Western blot analysis was performed as
described by Burnette (21) with minor modifications (12). For the
vimentin protein we used the monoclonal antibody supplied by Amer-
sham International pic (Amersham, England) at a dilution of 1:250.
For detection of the p62c m>cprotein we used a commercially available
monoclonal antibody, OK-11-5050 (Cambridge Research Biochemi-
cals) detectable by Western blot with a rabbit anti-mouse immunoglob-
ulin-horseradish peroxidase conjugate. We tested several concentra
tions of protein to control the range of sensitivity of the Western blot
analysis for both vimentin and c-myc proteins. As a molecular weight
marker we used a mixture of high and low range proteins supplied by
BRL (see legend of Fig. 1).
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Table I Characterization of the blast cell populations: morphological and immunological characteristics of the blast cells studied

Immunophenotype (% ofpositively)PatientF.

S.R.
C.G.
O.M.
P.P.C.R.

L.F.
V.D.
L.P.M.C.

C.M.S.R.

G.B.I.P.

F.A.M.B.

V.C.
A.T.

M.DiseaseCommon

ALL"AMLM3AML

M3Common
ALLCommon
ALLAML
M2AMLM3Common

ALLCMLBCAMLM2T-ALLPMMM

BCCMLBCAML

MlAMLM1AML

M2AMLM4AMLM4Blast

cells(%)929594989190979796969172928785908896CD1090NegNeg8790Neg85NegNegNegNegNegNegCD3NegNegNeg72Neg80Neg81NegNegNegNeg1530CD1990NegNeg9060NegNeg90NegNegNegNegNegNegNegNegNegDRNegNeg62Neg9095NegNeg79702530306070CDwl4NegNegNegNegNeg5030Neg30NegNeg41203022189050CDwl3NegNeg90NegNeg9080Neg8015Neg72802025209070CDw33Neg5590NegNeg6590Neg90Neg88506055709033

"ALL. acute lymphoblastic leukemia; AML. acute myeloblastic leukemia: CML. chronic myeloid leukemia; PMMM. primary myelofibrosis with myeloid

metaplasia: BC. blast crisis.

RESULTS

Characterization of the Blast Cell Populations Studied

As shown in Table 1 we studied the blast cell populations of
15 cases of acute leukemia, of 1 case of myelofibrosis in a
patient in blast crisis, and of 2 cases of chronic myeloid leuke
mia in patients in blast crisis. All the cases studied were char
acterized by a high percentage of blast cells in the peripheral
blood. According to the FAB classification (22, 23) 3 of the
cases studied were of the M2 phenotype, 4 cases were of the
M3 phenotype, and 2 cases were of the M4 phenotype. Four of
5 cases of ALL were of the common type and 1 was a T-cell

leukemia.
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Fig. l. Top, Western blotting of increasing amounts of protein UsÃ¢tesobtained
from HL60 cells (c-myc) and from leukemic blast cells (vimentin). Protein
concentration was determined by the Folin technique. After sodium dodecyl
sulfate-polyacrylamide gel electrophoresis the amount of protein was controlled
by silver staining (Bio Rad) and following electroblotting to nitrocellulose mem
brane by red Ponceau staining. See "Materials and Methods" for the experimental

conditions of Western blotting. Bottom, results of the densitometric scanning of
the Western blots.

Southern Blot Analysis

The genetic analysis showed that in all the ALL of common
phenotype the immunoglobulin genes were rearranged and no
germ line configuration was detected. The ALL with T pheno
type showed the rearrangement of the #-chain of the T-cell
receptor, but also the immunoglobulin genes were rearranged
(data not shown). No rearrangements of the c-myc and vimentin
genes were found in the cases studied (data not shown). A
classical bcr/abl rearrangement was detected in one of the
patients with chronic myeloid leukemia in blast crisis.

Expression of the Vimentin Gene

Northern Blot Analysis. Fig. 2 shows the levels of expression
observed in Northern blot analysis using the vimentin probe.
The size of the mRNA in all cases studied was 1.8 kilobases.
In the same figure the levels of the p" " vimentin protein are

also reported. The four lines of group A show, as a control, the
kinetics of induction of the vimentin mRNA in PHA-stimulated
lymphocytes. The vimentin mRNA is barely detectable, after
long exposure times of the autoradiographs, in unstimulated
lymphocytes (f()). The expression reaches its peak after 6 h of
mitogen stimulation (f,)< progressively decreasing after 12 h
(Ã2),and substantially disappearing after 30 h of stimulation
(f3). The four columns of group A in Fig. 3 report the results
of the X-ray film densitometer scanning showing clearly the
levels of expression of vimentin mRNA in PHA-stimulated
lymphocytes. The B and C groups of Fig. 2 show two different
sets of Northern blot experiments regarding the levels of expres
sion of the vimentin mRNA in different acute leukemia blast
cell populations. Fig. 3 shows the densitometric evaluation of
the autoradiographs of the same experiments in the same order.
In all the populations studied, except in HL60 cells and in
patient 7, the vimentin mRNA is clearly detectable, although
at very different levels. The levels of expression were remarkably
high in patients 1, 3, 8, 11, 12, and 14. In the other cases
studied the levels of the vimentin mRNA were very similar.

Western Blot Analysis. Fig. 2 and the graphic of Fig. 3 show
the levels of expression of p"~" protein. The four lanes of

group A show that in unstimulated lymphocytes the vimentin
protein is barely detectable (/0). It increases at least 6 times
after 6 h of PHA stimulation (?,) and then slowly decreases,
but it is still detectable after 30 h of stimulation (f.,). Figs. 2
and 3 show two different sets of experiments (B and C), clearly
indicating that the levels of the vimentin protein are approxi
mately the same in the cases studied. In proliferating HL60
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Fig. 2. In the upper section of the figure the
autoradiographs of the Northern blots ob
tained with the vimentin probe are shown.
Twenty ng of total cellular RNA were migrated
in each lane. The levels of mRNA expression
of the â€¢¿�.Mm and d2-microglobulin genes
showed that the amount of RNA blotted in
each lane was the same (data not shown). In
the lower section the results of the autoradi
ographs of the Western blots obtained after
conjugation with the monoclonal anti-vimen-
tin and detected by the l!5I-protein A are

shown. A, results obtained in lymphocytes be
fore and after increasing times of PHA stimu
lation (t, = 6 h; tÂ¡= 12 h; t3 = 24 h). B and C,
results obtained in two different sets of exper
iments with different leukemic blast cell pop
ulations. At least four independent assays with
superimposable results were performed on ma
terials obtained from different pellets of the
same population. AML, acute myeloblastic
leukemia; CML, chronic myeloblastic leuke
mia; Per. Lymph., peripheral lymphocytes; kb,
kilobases; KD, kilodaltons.
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Fig. 3. Densitometric scanning of the autoradiographs of the Northern and
Western blots carried out with vimentin mRNA and protein. Different densito-
metric units were used for RNA and protein. DENSIT.. density; PROT., protein.
D. p52-55viâ„¢""";B. vimentin RNA.

cells and in patient 7 the protein was not detectable, at least
not under our experimental conditions, also at long exposure
times.

Comparison of mRNA and Protein Levels. The comparison
between the protein and mRNA of PHA-stimulated lympho
cytes, at different times before the Go/G, transition and during
the initial GÃ¬progression, indicates that the mRNA and the
corresponding protein behave in a parallel fashion decreasing

their abundances after the initial peak. This suggests that under
this experimental condition the amount of protein is propor
tional to the abundance of the mRNA. A very different condi
tion appears to occur in some of the leukemic blast cell popu
lations that we have studied. In these cells similar abundances
of protein are observed in the presence of remarkably different
amounts of mRNA. Whereas the amounts of protein did not
differ by a factor greater than 2, the amounts of mRNA differed
by a factor greater than 15.

Expression of the c-myc Gene

Northern Blot Analysis. Figs. 4 and 5 show the c-myc mRNA
levels in the different populations studied. Group A shows the
kinetic of mRNA induction in PHA-stimulated lymphocytes.
In unstimulated lymphocytes (r0) the c-myc mRNA is barely
detectable after long exposure times of the autoradiographs. It
increases at least 8 times after 4 h of PHA stimulation (t,) and
then it decreases rapidly, almost disappearing after 30 h (t}).
In groups B and C (Figs. 4 and 5, Lane 7) we report the levels
of c-myc mRNA in different blast cell populations and in HL60
proliferating cells. The levels of c-myc mRNA in the different
blast cell populations studied are extremely variable. In cases 1
and 14 the mRNA is not detectable nor is it detectable in
unstimulated lymphocytes (Lane 15). It is barely detectable in
cases 2, 4, 6, 8, 9, 11, and 13, and it is abundant in cases 3, 5,
7, 10, and 12.

Western Blot Analysis. The results obtained are reported in
Figs. 4 and 5. In Fig. 4 (group A) we show the levels of the

Fig. 4. Upper section, autoradiographs of
the Northern blots obtained with the c-myc
probe. Twenty jig of RNA were migrated in
each lane. Also in this experiment the levels of
expression of the f)-actin and /ij-microglobulin
showed that the amount of RNA blotted in
each lane was the same (data not shown).
Lower section, pictures of the Western blot
obtained by using the c-myc immunoblotting
kit of the Cambridge Research Biochemicals.
A, B. and C refer to different set of experi
ments. Also for this gene the results in each
population were superimposable in at least
four independent assays using different pellets
of the cell population. AML. acute myelo
blastic leukemia: CML. chronic myeloid leu
kemia: PMMM, primary myelofibrosis with
myeloid interplasia: Per. Lymph., peripheral
lymphocytes: kb. kilobases: KD. kilodaltons.
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Fig. 5. Densitometric scanning of the autoradiographs of the Northern blot
and of the negative of the photographs of the Western blots carried out with c-
myc mRNA and protein. Also in this case different densitometric units were used.
For abbreviations and symbols, see Fig. 3.

p62c m>cprotein after PHA stimulation. The highest levels of

protein are detectable at t, (4 h) and then the protein decreases,
but it is still detectable after 30 h of PHA stimulation (t}).
Groups B and C of the same figures indicate the levels of c-myc
protein in the different blast cell populations studied. The
protein is not detectable in case 2, whereas in the other cases
studied the protein is detectable but with different abundances.
The highest level of p62c"m>i:protein is detectable in HL60 cells

(lane 7).
Comparison of mRNA and Protein Levels. In unstimulated

and PHA-stimulated lymphocytes, in keeping with the results
previously reported for the vimentin gene, the production of
the c-myc protein appears proportional to the abundance of the
mRNA. After an initial peak occurring immediately after the
Co/GÃ¬transition the abundance of both the mRNA and protein
decreases during the G, progression phase. Remarkably differ
ent patterns were observed in some of the leukemic blast cell
populations. In the majority of cases the abundance of p62c"myi:

differs by a factor not greater than 4. On the contrary the
abundances of the c-myc mRNA differ by a factor larger than
16, at least in some cases.

DISCUSSION

The results of our experiments in mitogen-stimulated lym
phocytes indicate clearly that in normal cells the Go/G, transi
tion is accompanied by a sharp increase in the abundance of
the mRNAs of the two genes studied followed by a progressive
decrease during the G, progression. The same pattern has been
observed studying the levels of the corresponding proteins. It
may thus be deduced that in this normal in vitro system the
transcription of the message and the synthesis of the protein
are regulated in a coordinate fashion. This holds true for the
majority of the leukemic populations studied. However in ap
proximately 30% of the cases this coordination does not appear,
since different abundances of mRNA do not correspond to
different amounts of protein. It is worth pointing out that the
considerable blunting of the variation in protein products can
not be related to a low level of sensitivity of Western blot. In
fact our control experiments shown in Fig. 1 indicate that the
technique used was able to detect differences from 2 times
upward. It seems thus justified to conclude that in some leu
kemic blast cells the abundance of the message and the synthesis
of the protein seem to be regulated independently. The coordi
nated biogenesis of both messenger RNA and protein, which
occurs in the mitogen-stimulated lymphocytes, is substituted in
some leukemic cell populations by two different sets of molec
ular events leading to the formation of quantitative unrelated

products. In particular the most remarkable event in these cell
populations is represented by the accumulation of mature
mRNA molecules. Such accumulation, in the absence of a
corresponding protein synthesis, might be the consequence of
a peculiar compartmentalization of the mRNA molecules which
cannot be efficiently translated. It has been shown that a process
of this kind occurs physiologically in some cases, in which an
increase in protein synthesis takes place as a consequence of a
redistribution of the mRNA (24).
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