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Exponential grow
th:

n
[(m

+
1)T

]
=

2
n
(m

T
)

n
(m

T
)
=

2
m
⇥
n
(0)

n
(t)

=
2
t/

T
⇥
n
(0)

ln
n
(t)

=
ln
n
(0)

+
tT
ln

2

new
 population tw

ice as large as the 
old one

going back to the initial population 
the increase is exponential

by w
riting m

 = t/T
w

e introduce tim
e

the sam
e form

ula can be w
ritten 

differently, and w
e see that the log of 

the population size is a linear 
function of tim

e
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Statistics: 

(N
 = num

ber of squares of the reticle grid)

population m
ean:

population variance:

standard deviation:

n
=
1N

n
k

k∈
squares

{
}

∑

σ
n =

varn

var
n
=

1

N
�

1

X

k2
{
sq

u
a
res}

(n
k
�
hni)
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Exam
ple: 1. H

istogram
 of 1000 m

easurem
ents x

k (binsize = 0.2)
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Mean:
-0.0457642

Standard
Deviation:

0.972646
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Variance of the population m
ean

var
(↵

n
)
=

↵
2var

n

var
X

k

n
k
=

X

k

var
n
k

var
n
k
=

�
2

hni
=

1N

X

k2
{
sq

u
a
res}

n
k

varhni
=

1

N
(N

�
1)

X

k2
{
sq

u
a
res}

(n
k
�
hni)

2

•
m

ultiplication by a scalar

•
variance of a sum

 of independent
variables

•
all m

easurem
ents have the sam

e 
variance

•
population m

ean has both
a scaling 

constant and
is a sum

 of independent 
variables

As a result, this is the variance of the population m
ean 

1
0



M
easurem

ent of cell cycle tim
e of leukem

ic 
cells M

olt3 (m
utated T lym

phoblasts, acute 
lym

phoblastic leukem
ia)

11

Leukem
ia

L
e
u
ke

m
ia

is
a

g
ro

u
p

o
f

b
lo

o
d

ca
n
ce

rs
th

a
t

u
su

a
lly

b
e
g
in

in
th

e
b
o
n
e

m
a
rro

w
a
n
d

re
su

lt
in

h
ig

h
n
u
m

b
e
rs

o
f

a
b
n
o
rm

a
lb

lo
o
d

ce
lls.T

h
e
se

b
lo

o
d

ce
lls

a
re

n
o
t
fu

lly
d
e
ve

lo
p
e
d

a
n
d

a
re

ca
lle

d
b
la

sts
o
r

le
u
ke

m
ia

ce
lls.

S
ym

p
to

m
s

m
a
y

in
clu

d
e

b
le

e
d
in

g
a
n
d

b
ru

isin
g
,

b
o
n
e

p
a
in

,
fa

tig
u
e
,

fe
ve

r,
a
n
d

a
n

in
cre

a
se

d
risk

o
f

in
fe

ctio
n
s.

T
h
e
se

sym
p
to

m
s

o
ccu

r
d
u
e

to
a

la
ck

o
f

n
o
rm

a
l

b
lo

o
d

ce
lls.

D
ia

g
n
o
sis

is
typ

ica
lly

m
a
d
e

b
y

b
lo

o
d

te
sts

o
r

b
o
n
e

m
a
rro

w
b
io

p
sy.

T
h
e

e
xa

ct
ca

u
se

o
f

le
u
ke

m
ia

is
u
n
kn

o
w

n
.

A
co

m
b
in

a
tio

n
o
f

g
e
n
e
tic

fa
cto

rs
a
n
d

e
n
viro

n
m

e
n
ta

l
(n

o
n
-

in
h
e
rite

d
)

fa
cto

rs
a
re

b
e
lie

ve
d

to
p
la

y
a

ro
le

.
R

isk
fa

cto
rs

in
clu

d
e

sm
o
kin

g
,

io
n
izin

g
ra

d
ia

tio
n
,

p
e
tro

ch
e
m

ica
ls

(su
ch

a
s

b
e
n
ze

n
e
),

p
rio

r
ch

e
m

o
th

e
ra

p
y,

a
n
d

D
o
w

n
syn

d
ro

m
e
.

P
e
o
p
le

w
ith

a
fa

m
ily

h
isto

ry
o
f
le

u
ke

m
ia

a
re

a
lso

a
t
h
ig

h
e
r

risk.

T
h
e
re

a
re

fo
u
r

m
a
in

typ
e
s

o
f

le
u
ke

m
ia

—
a
cu

te
lym

p
h
o
b
la

stic
le

u
ke

m
ia

(A
L
L
),

a
cu

te
m

ye
lo

id
le

u
ke

m
ia

(A
M

L
),

ch
ro

n
ic

lym
p
h
o
cytic

le
u
ke

m
ia

(C
L
L
)

a
n
d

ch
ro

n
ic

m
ye

lo
id

le
u
ke

m
ia

(C
M

L
)

–
a
s

w
e
ll

a
s

a
n
u
m

b
e
r

o
f

le
ss

co
m

m
o
n

typ
e
s.

L
e
u
ke

m
ia

s
a
n
d

lym
p
h
o
m

a
s

b
o
th

b
e
lo

n
g

to
a

b
ro

a
d
e
r

g
ro

u
p

o
f

tu
m

o
rs

th
a
t

a
ffe

ct
th

e
b
lo

o
d
,

b
o
n
e

m
a
rro

w
,

a
n
d

lym
p
h
o
id

syste
m

,
kn

o
w

n
a
s

tu
m

o
rs

o
f
th

e
h
e
m

a
to

p
o
ie

tic
a
n
d

lym
p
h
o
id

tissu
e
s.

T
re

a
tm

e
n
t

m
a
y

in
vo

lve
so

m
e

co
m

b
in

a
tio

n
o
f

ch
e
m

o
th

e
ra

p
y,

ra
d
ia

tio
n

th
e
ra

p
y,

ta
rg

e
te

d
th

e
ra

p
y,

a
n
d

b
o
n
e

m
a
rro

w
tra

n
sp

la
n
t,

in
a
d
d
itio

n
to

su
p
p
o
rtive

ca
re

a
n
d

p
a
llia

tive
ca

re
a
s

n
e
e
d
e
d
.

C
e
rta

in
typ

e
s

o
f

le
u
ke

m
ia

m
a
y

b
e

m
a
n
a
g
e
d

w
ith

w
a
tch

fu
lw

a
itin

g
.

(A
d
a
p
te

d
fro

m
W

ikip
e
d
ia

)
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Scanning electron m
icrograph of a red blood cell (left), a 

platelet (center), and a T lym
phocyte (right); colorized1

3

Im
m

unophenotypic
and

C
ytogenetic

A
nalysis

o
f

M
o

lt-3
and

M
olt-4:

H
um

an
T

-L
ym

phoid
C

ell
L

ines
W

ith
R

earrangem
ent

o
f

C
hrom

osom
e

7

B
y

Jam
es

M
.

G
reenberg,R

ogelio
G

onzalez-S
arm

iento,
D

iane
C

.A
rthur,

C
hristopher

W
.

W
ilkow

ski,
B

arbara
J.

S
treifel,

and
John

H
.K

ersey

M
o

lt-3
and

M
o

lt-4
a

re
T

-celllines
o

rig
in

a
lly

d
e

rive
d

in
1971

fro
m

a
p

a
tie

n
t

w
ith

T
-ce

ll
a

cu
te

lym
p

h
o

b
la

stic
leukem

ia.
A

n
unusual

T
-ce

ll
a

n
tig

e
n

re
ce

p
to

r
-y-chain

gene
(T

-
gam

m
a)

re
a

rra
n

g
e

m
e

n
td

e
te

cte
d

by
S

o
u

th
e

rn
b

lo
tanalysis

o
f

M
o

lt-4
p

ro
m

p
te

d
an

in
-d

e
p

th
stu

d
y

o
f

th
e

im
m

u
n

o
p

h
e

-
n

o
typ

e
and

ka
ryo

typ
e

o
f

b
o

th
celllines.

M
o

lt-3
and

M
o

lt-4
had

im
m

u
n

o
p

h
e

n
o

typ
ic

ch
a

ra
cte

ristics
o

fth
ym

o
cyte

s
w

ith
e

xp
re

ssio
n

o
f

C
D

1
and

C
D

5.
B

o
th

cell
lines

had
a

h
yp

e
r-

te
tra

p
lo

id
ka

ryo
typ

e
w

ith
tw

o
rearranged

no.
7

ch
ro

m
o

-
som

es:
2der(7)t(7;7)(p15;q11).

T
h

e
presence

o
f

a
b

re
a

k
in

N
O

N
R

A
N

D
O

M
S

T
R

U
C

T
U

R
A

L
rearrangem

ents
of

chrom
osom

es
in

hum
an

m
alignant

cells
have

been
associated

w
ith

acquisition
ofa

neoplastic
phenotype.1.2W

ith
the

developm
ent

of
techniques

for
the

m
olecular

cloning,
m

apping,
and

sequencing
of

individual
genes,

chrom
osom

al
breakpointregions

have
now

been
analyzed

at
the

m
olecular

level.Severalof
these

have
been

m
apped

to
locioccupied

by
genes

encoding
the

im
m

unoglobulin
light

or
heavy

chain
genes

or
the

T
-cell

antigen
receptor

genes."!"
T

hese
genes

share
a

com
m

on
genom

ic
organization

w
ith

variable
and

joining
regions

that
undergo

recom
bination

before
tran-

scription
in

lym
phoid

cells.II
M

olecular
cloning

analysis
ofcertain

translocation
break-

points
has

dem
onstrated

the
juxtaposition

of
oncogene

tran-
scriptional

units
w

ith
im

m
unoglobulin

or
T

-cell
receptor

loci.6.7.12.13
T

his
in

turn
results

in
deregulation

of
oncogene

expression,
w

hich
is

thought
to

contribute
to

the
neoplastic

transform
ation

process.P:"
T

he
T

-cell
receptor

-y-chain
gene

(T
gam

m
a)

codes
for

all
or

a
portion

of
aT

-cell
antigen

receptor
on

a
subset

of
T

vlym
phocytes.":"

L
ike

the
genes

coding
for

the
a-

and
(j-chains

of
the

T
-cell

receptor
and

the
im

m
unoglobulin

genes,
T

gam
m

a
rearranges

variable
and

joining
regions

before
transcription.

T
he

T
-gam

m
a

locus
has

been
m

apped
to

chrom
osom

e
7,band

p15 .14
S

tructural
rearrangem

ents
of

7p
15

have
been

identified
in

cultured
lym

phocytes
from

norm
al

individuals,":"
patients

w
ith

ataxia-telangiecta-
sia,22-25

and
a

patientw
ith

hypofibrinogenem
ia

and
recurrent

abortions."
In

this
report,

w
e

describe
a

chrom
osom

al
rearrangem

ent
involving

chrom
osom

e
7,

band
p15,

in
the

T
-lym

phoid
leu-

kem
ic

cell
lines

M
olt-3

and
M

olt-4.
T

he
presence

of
the

rearrangem
entin

tw
o

independentcelllines
established

from
the

sam
e

patient
suggests

that
it

played
a

role
in

the
pathogenesis

ofthe
leukem

ia
that

produced
these

celllines.
A

n
unusual

rearrangem
ent

of
T

gam
m

a
observed

in
our

M
olt-4

cell
line

led
us

to
analyze

clones
containing

joining
and

constant
regions

of
the

gene
in

a
search

for
the

break-
point

region
of

the
chrom

osom
al

translocation.
N

o
break-

point
w

as
identified,

suggesting
that

the
rearrangem

ent
w

as
due

to
a

point
m

utation
in

our
M

olt-4
cells.

IV
IA

TE
R

IA
LS

A
N

D
M

E
TH

O
D

S

C
ell

culture.
T

he
M

olt-3
and

M
olt-4

cell
lines

w
ere

kindly
provided

by
J.

M
inow

ada
(Fujisaki

C
ell

C
enter,

Fujisaki,
Japan).

B
lood,

V
ol72,

N
o

5
(N

ovem
ber),

1988:
pp

1
7

5
5

-1
7

6
0

ch
ro

m
o

so
m

e
band

7
p

1
5

suggested
th

e
in

vo
lve

m
e

n
t

o
f

T
gam

m
a.

W
e

cloned
th

e
re

a
rra

n
g

e
d

B
am

H
Ifra

g
m

e
n

ts
span-

ning
th

e
kn

o
w

n
T

-gam
m

a
co

n
sta

n
t

and
jo

in
in

g
regions.

C
om

parison
w

ith
g

e
rm

lin
e

clones
o

f
T

gam
m

a
d

id
n

o
t

suggest
a

n
y

o
f

th
e

clones
included

a
b

re
a

kp
o

in
t

region.
T

hus
th

e
7

p
1

5
ch

ro
m

o
so

m
a

l
a

b
n

o
rm

a
lity

in
M

o
lt-3

a
n

d
M

o
lt-4

is
n

o
t

associated
w

ith
th

e
cu

rre
n

tly
described

jo
in

in
g

and
co

n
sta

n
tregions

o
fT

gam
m

a.
e

1988
b

y
G

rune
&

Stratton,Inc.

B
oth

celllines
w

ere
originally

derived
from

the
leukem

ic
cells

ofthe
sam

e
individual."

C
ells

w
ere

m
aintained

in
R

P
M

I
1640

cellculture
m

edium
supplem

ented
w

ith
10%

fetal
calfserum

(G
ibco

L
aborato-

ries,
L

aw
rence,

M
A

),
penicillin

(100
IU

/m
L

),
streptom

ycin
(100

m
g/m

l.),and
L

-glutam
ine

(20
m

m
ol/L

),C
ultures

w
ere

m
aintained

at
37°C

in
5%

C
O

2 and
95%

hum
idified

am
bientair.

Im
m

unophenotypic
analysis.

E
ach

cell
line

w
as

analyzed
for

the
presence

of
cell

surface
antigens

associated
w

ith
lym

phoid
developm

ent
and

differentiation.
T

he
antibodies

used
are

listed
in

T
able

1.
T

hose
antibodies

w
ith

cluster
designations"

are
noted.

Im
m

unophenotypic
analysis

w
as

perform
ed

by
indirect

im
m

uno-
fluorescence

w
ith

either
an

O
rtho

Spectrum
III

or
a

F
A

C
S

IV
(B

eckton-D
ickinson,Sunnyvale,C

A
)

as
previously

described."
C

ytogenetic
analysis.

M
etaphase

chrom
osom

e
spreads

w
ere

obtained
from

M
olt-3

and
M

olt-4
cultures

using
previously

described
m

ethods."
B

riefly,cells
w

ere
received

at
a

concentration
of

10
8/m

L
.

D
irect

preparations
w

ere
perform

ed
using

1
m

L
of

the
cellsuspension,

and
the

rem
aining

cells
w

ere
diluted

1:10
(and

also
1:20

for
M

olt-3)
in

R
P

M
I

1640
m

edium
supplem

ented
w

ith
20%

fetal
bovine

serum
and

L
-glutam

ine
(29

m
g

/m
l.),

C
hrom

osom
es

w
ere

harvested
from

the
diluted

specim
ens

directly
and

after
24

additional
hours

in
culture

by
exposing

them
to

C
olcem

id
(0.7

Ilg/m
L

)
for

20
m

inutes
and

the
0.075

M
K

C
l

for
12

m
inutes

at
37°C

.
T

he
preparations

w
ere

fixed
in

3:1
m

ethanol
to

glacial
acetic

acid,and
slides

w
ere

m
ade

in
the

usual
fashion.

C
hrom

osom
es

w
ere

G
-banded

using
the

W
right's

technique
ofSanchez

etal."
A

total
of

ten
m

etaphase
cells

from
the

24-hour
cultures

of
M

olt-3
and

ten
from

the
diluted

direct
preparations

of
M

olt-4
w

ere
fully

analyzed,
as

these
w

ere
the

processes
that

yielded
the

best
quality

chrom
o-

F
rom

the
D
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ents

o
fLaboratory
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edicine

and
P

athology
and
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ediatrics,U

niversity
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innesota,M
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Im
m

unophenotypic
and

C
ytogenetic

A
nalysis

o
f

M
o

lt-3
and

M
olt-4:

H
um

an
T

-L
ym

phoid
C

ell
L

ines
W

ith
R

earrangem
ent

o
f

C
hrom

osom
e

7

B
y

Jam
es

M
.

G
reenberg,R

ogelio
G

onzalez-S
arm

iento,
D

iane
C

.A
rthur,

C
hristopher

W
.

W
ilkow

ski,
B

arbara
J.

S
treifel,

and
John

H
.K

ersey

M
o

lt-3
and

M
o

lt-4
a

re
T

-ce
lllines

o
rig

in
a

lly
d

e
rive

d
in

1971
fro

m
a

p
a

tie
n

t
w

ith
T

-ce
ll

a
cu

te
lym

p
h

o
b

la
stic

leukem
ia.

A
n

unusual
T

-ce
ll

a
n

tig
e

n
re

ce
p

to
r

-y-chain
gene

(T
-

gam
m

a)
re

a
rra

n
g

e
m

e
n

td
e

te
cte

d
by

S
o

u
th

e
rn

b
lo

tanalysis
o

f
M

o
lt-4

p
ro

m
p

te
d

an
in

-d
e

p
th

stu
d

y
o

f
th

e
im

m
u

n
o

p
h

e
-

n
o

typ
e

and
ka

ryo
typ

e
o

f
b

o
th

cell
lines.

M
o

lt-3
and

M
o

lt-4
had

im
m

u
n

o
p

h
e

n
o

typ
ic

ch
a

ra
cte

ristics
o

fth
ym

o
cyte

s
w

ith
e

xp
re

ssio
n

o
f

C
D

1
and

C
D

5.
B

o
th

cell
lines

had
a

h
yp

e
r-

te
tra

p
lo

id
ka

ryo
typ

e
w

ith
tw

o
re

a
rra

n
g

e
d

no.
7

ch
ro

m
o

-
som

es:
2

d
e

r(7
)t(7

;7
)(p

1
5

;q
1

1
).

T
h

e
presence

o
f

a
b

re
a

k
in

N
O

N
R

A
N

D
O

M
S

T
R

U
C

T
U

R
A

L
rearrangem

ents
of

chrom
osom

es
in

hum
an

m
alignant

cells
have

been
associated

w
ith

acquisition
ofa

neoplastic
phenotype.1.2W

ith
the

developm
ent

of
techniques

for
the

m
olecular

cloning,
m

apping,
and

sequencing
of

individual
genes,

chrom
osom

al
breakpointregions

have
now

been
analyzed

at
the

m
olecular

level.Severalof
these

have
been

m
apped

to
locioccupied

by
genes

encoding
the

im
m

unoglobulin
light

or
heavy

chain
genes

or
the

T
-cell

antigen
receptor

genes."!"
T

hese
genes

share
a

com
m

on
genom

ic
organization

w
ith

variable
and

joining
regions

that
undergo

recom
bination

before
tran-

scription
in

lym
phoid

cells.II
M

olecular
cloning

analysis
ofcertain

translocation
break-

points
has

dem
onstrated

the
juxtaposition

of
oncogene

tran-
scriptional

units
w

ith
im

m
unoglobulin

or
T

-cell
receptor

loci.6.7.12.13
T

his
in

turn
results

in
deregulation

of
oncogene

expression,
w

hich
is

thought
to

contribute
to

the
neoplastic

transform
ation

process.P:"
T

he
T

-cell
receptor

-y-chain
gene

(T
gam

m
a)

codes
for

all
or

a
portion

of
aT

-cell
antigen

receptor
on

a
subset

of
T

vlym
phocytes.":"

L
ike

the
genes

coding
for

the
a-

and
(j-chains

of
the

T
-cell

receptor
and

the
im

m
unoglobulin

genes,
T

gam
m

a
rearranges

variable
and

joining
regions

before
transcription.

T
he

T
-gam

m
a

locus
has

been
m

apped
to

chrom
osom

e
7,band

p15 .14
S

tructural
rearrangem

ents
of

7p
15

have
been

identified
in

cultured
lym

phocytes
from

norm
al

individuals,":"
patients

w
ith

ataxia-telangiecta-
sia,22-25

and
a

patientw
ith

hypofibrinogenem
ia

and
recurrent

abortions."
In

this
report,

w
e

describe
a

chrom
osom

al
rearrangem

ent
involving

chrom
osom

e
7,

band
p15,

in
the

T
-lym

phoid
leu-

kem
ic

cell
lines

M
olt-3

and
M

olt-4.
T

he
presence

of
the

rearrangem
entin

tw
o

independentcelllines
established

from
the

sam
e

patient
suggests

that
it

played
a

role
in

the
pathogenesis

of
the

leukem
ia

that
produced

these
celllines.

A
n

unusual
rearrangem

ent
of

T
gam

m
a

observed
in

our
M

olt-4
cell

line
led

us
to

analyze
clones

containing
joining

and
constant

regions
of

the
gene

in
a

search
for

the
break-

point
region

of
the

chrom
osom

al
translocation.

N
o

break-
point

w
as

identified,
suggesting

that
the

rearrangem
ent

w
as

due
to

a
point

m
utation

in
our

M
olt-4

cells.
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TE
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A
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D
M

E
TH

O
D

S

C
ell

culture.
T

he
M

olt-3
and

M
olt-4

cell
lines

w
ere

kindly
provided

by
J.

M
inow

ada
(Fujisaki

C
ell

C
enter,

Fujisaki,
Japan).
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n
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-gam
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a
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n
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g
regions.
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f
T
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t
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B
oth

celllines
w

ere
originally

derived
from

the
leukem

ic
cells

of
the

sam
e

individual."
C

ells
w

ere
m

aintained
in

R
P

M
I

1640
cellculture

m
edium

supplem
ented

w
ith

10%
fetal

calfserum
(G

ibco
L

aborato-
ries,

L
aw

rence,
M

A
),

penicillin
(100

IU
/m

L
),

streptom
ycin

(100
m

g/m
l.),and

L
-glutam

ine
(20

m
m

ol/L
),C

ultures
w

ere
m

aintained
at

37°C
in

5%
C

O
2 and

95%
hum

idified
am

bientair.
Im

m
unophenotypic

analysis.
E

ach
cell

line
w

as
analyzed

for
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presence
of

cell
surface

antigens
associated

w
ith

lym
phoid

developm
ent

and
differentiation.

T
he

antibodies
used

are
listed

in
T

able
1.

T
hose

antibodies
w

ith
cluster

designations"
are

noted.
Im

m
unophenotypic

analysis
w
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perform

ed
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indirect
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m
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fluorescence
w

ith
either

an
O

rtho
Spectrum

III
or

a
F

A
C

S
IV

(B
eckton-D

ickinson,Sunnyvale,C
A

)
as

previously
described."

C
ytogenetic

analysis.
M

etaphase
chrom

osom
e

spreads
w

ere
obtained

from
M

olt-3
and

M
olt-4

cultures
using

previously
described

m
ethods."

B
riefly,cells

w
ere

received
at

a
concentration

of
10

8/m
L

.
D

irect
preparations

w
ere

perform
ed

using
1

m
L

of
the

cellsuspension,
and

the
rem

aining
cells

w
ere

diluted
1:10

(and
also

1:20
for

M
olt-3)

in
R

P
M

I
1640

m
edium

supplem
ented

w
ith

20%
fetal

bovine
serum

and
L

-glutam
ine

(29
m

g
/m

l.),
C

hrom
osom

es
w

ere
harvested

from
the

diluted
specim

ens
directly

and
after

24
additional

hours
in

culture
by

exposing
them

to
C

olcem
id

(0.7
Ilg/m

L
)

for
20

m
inutes

and
the

0.075
M

K
C

l
for

12
m

inutes
at

37°C
.

T
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w
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m
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to
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and
slides

w
ere

m
ade

in
the

usual
fashion.

C
hrom
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es

w
ere

G
-banded

using
the

W
right's

technique
ofSanchez

etal."
A

total
of

ten
m
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from
the

24-hour
cultures

of
M

olt-3
and

ten
from

the
diluted

direct
preparations

of
M

olt-4
w

ere
fully

analyzed,
as

these
w

ere
the

processes
that

yielded
the

best
quality

chrom
o-

F
rom

the
D
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...The
M
olt-3

and
M
olt-4

celllinesw
ere
established

by
M
inow

ada
etalin

1971
from

the
peripheralblood

ofa
19-

year-old
m
an
w
ith
acute

lym
phoblastic

leukem
ia.B

oth
celllines

w
ere
originally

described
as
having

lym
phoid

m
orphology

w
ith
phenotypic

characteristicsofT
cells.

...C
ytogenetic

studies
of
M
olt-4

perform
ed
by
H
uang

etal.shortly
after

establishm
entof

the
cellline

in
1971

revealed
a
diploid

karyotype
that

converted
to
a
tetraploid

karyotype
after

11
m
onths

in
culture.

Thus,
the

tetraploidy
thatw

e
describe

now
has

been
a
feature

of
M
olt-4

(and
presum

ably
M
olt-3)

for
m
any

years,butit
w
as
probably

nota
feature

ofthese
cells

in
vivo.Tetraploid

karyotypes
have

been
described

in
acute

leukem
ia,

presum
ably

secondary
to
D
N
A
replication

w
ithoutcelldivision.

...
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