
Vol. 93, No. !,1980 

March 13, 1980 

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

Pages 293-300 

SPECIFIC CHANGES IN THE SURFACE GLYCOPROTEIN PATTERN 

OF A HUMAN LEUKEMIC NULL CELL LINE NALL-I ASSOCIATED 

WITH MORPHOLOGIC AND BIOLOGICAL ALTERATIONS INDUCED 

BY PHORBOL-ESTER 

Kazuko Ishimura, Akiyoshi Hiragun and Hiromi Mitsui 

The Tokyo Metropolitan Ins t i t u te  of Medical Science, 

3-18-22 Honkomagome, Bunkyo-ku, Tokyo 113, Japan 

Received January 28,1980 

Summary; 12-O-tetradecanoylphorbol-13-acetate, a highly act ive tumor-promo- 
t ing agent, inh ib i t s  cel l  p ro l i f e ra t i on  of human leukemic null cel l  l ine 
NALL-I at a dose range of 10-9 - IO'7M. 
Soon a f te r  the addit ion of 12-O-tetradecanoylphorbol-13-acetate to suspen- 
sion cu l ture,  cel ls  began to adhere to the substratum. Associated with the 
change in cel l  behavior, rate of DNA synthesis decreased rapidly but rate 
of RNA and protein synthesis remained essent ia l ly  unchanged. Af ter  48hr 
treatment wi th 12-O-tetradecanoyl phorbol-I 3-acetate, adherent and growth 
arrested cel ls  were a l l  a l ive.  
Changes in surface glycoproteins of  these ce l ls  were analyzed by the neu- 
rami ni dase/gal actose oxi dase or periodate/NaB[3H4 ] sur face-I  abel i ng tech- 
nique followed by polyacrylamide gel electrophoresis and fluorography. In 
12-O-tetradecanoylphorbol-13-acetate treated ce l l s ,  a glycoprotein with an 
apparent molecular weight of 145,000 was strongly labeled. The amount of  
HLA-DR antigen was also increased. These and other observations suggest that  
NALL-I cel ls  are induced by 12-O-tetradecanoylphorbol-13-acetate to d i f f e r -  
ent iate into mature cel ls  having some propert ies of  B-cel l  b lasts.  

Introduct ion: I t  has been reported that some phorbol d iesters,  of  which 

TPA is the most act ive,  in te r fe re  in cul ture with the process of spontaneous 

or induced d i f f e ren t i a t i on  of  Friend erythroleukemia cel ls  and of several 

other cel l  systems(l-7). I t  has also been reported that in some l ines of 

murine erythroleukemia cel ls TPA induces rather than inh ib i t s  d i f f e ren t i a t i on  

(8). Recently, induction of terminal d i f f e ren t i a t i on  in human promyelocytic 

Abbreviations: TPA, 12-O-tetradecanoylphorbol-13-acetate; FCS, fe ta l  ca l f  
serum; K[.I, kanamycin; PBS , phosphate buffered sal ine,  pH 7.4, is composed 
of 8.0 g NaCI, 0.2 g KCI, 0.2 g KH2P04 and 1.15 g Na2HP04 in one l i t e r  of 
d i s t i l l e d  water; PMSF, phenyl methyl sulphonyl f l uo r ide ;  SDS, sodium dodecyl 
sul fate. 
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leukemia cel ls  by TPA has been reported(9-10). We report here that TPA 

treatment induces d i f f e ren t i a t i on  of a human leukemia null cel l  l ine ,  NALL-I, 

into mature cel ls  with several character is t ics  of human B-blasts. 

Materials and Methods: 
Cell l ine and cel l  cul ture:  A human leukemia nul l  cel l  l ine NALL-I(12) 

was grown in p las t i c  t issue culture dishes in RPMI medium 1640(GIBCO. New York, 
N.Y.) supplemented with 20% FCS and 60~g/ml of KM. TPA(Consolidated Midland 
Corp., Brewster, N.Y.) dissolved in acetone(lO-4M) was added to the cel l  sus- 
pension 1 day a f te r  seeding at the f ina l  concentration detai led in Results. 
Acetone had no detectable e f fec t  on the cel l  growth and cel l  behavior at th is 
concentration. Cell growth was determined from a cel l  count a f te r  trypan 
blue-sta in ing.  

Protein synthesis: NALL-I ce l ls  were labeled continuously with [3H]- 
leucine. At indicated times, al iquots were withdrawn and washed twice with 
PBS . The amount of  radioact ive precursor incorporated was determined a f te r  
10% t r i ch lo roace t i c  acid p rec ip i ta t ion  onto glass f i l t e r s .  

DNA and RNA synthesis: DNA and RNA synthesis were evaluated by determin- 
ing [~H]-thymidine and [3H]-ur id ine incorporat ion into t r i ch lo roace t i c  acid- 
insoluble f ract ion during 2 hr label ing pulses. 

Cell surface label in 9 and polyacrylamide 9el electrophoresis:  Cells(3x 
10 7 ) were surface-labeled with NaB[3H~] a f te r  treatment with neuraminidase 
(500 U/ml; Behring Ins t i t u te ,  Marburg, West Germany) and galactose oxidase 
(140 U/mg prote in;  Sigma Chem. Co., St. Louis, Mo.)(13) or periodate(14). 
Af ter  washing, the cel ls  were suspended in 200 ~I of I% Tri ton X I00 in PBS- 
containing 2 mM PMSF and 1.5 mM MgCI2 and kept for  15 min at 4°C. Insoluble 
material was removed by centr i fugat ion.  Radioact iv i ty was determined a f te r  
10% t r i ch lo roace t i c  acid p rec ip i ta t ion  onto glass f i l t e r s .  The same amount of  
radioact ive materials was dissolved in sample buf fer (15) ,  heated to IO0°C 
for 3 min, and applied to gel electrophoresis.  Gel electrophoresis on 8 M 
urea-O.l% SDS-8% polyacrylamide gel was carr ied out according to the method 
of  Mizushima and Yamada(15). The gels were f ixed and treated for fluorography 
as described by Laskey et a i . (16)(17) .  

Ind i rect  immunofluorescence tes t :  0.I  ml of  l-2xlO~/ml ce l ls  were incu- 
bated with I0 ~I of anti HLA-DR rabbit  serum(a g i f t  from Dr. M. Katagir i ,  
Asahigawa medical col lege, Asahigawa, Japan) at 37°C for 30 min. Then they 
were washed in PBS and incubated with I0 ~I of  f luorescein-conjugated goat 
anti rabbit  IgG(Miles-Yeda Ltd.,  Rehovot, Israel )  at 37°C for 30 min. 
Fluorescence microscopic observations were carr ied out with an Olympus f luo- 
rescence microscope model BH-RFL with a HBO IOOW/2 l i gh t  source. Photographs 
were taken with Kodak Tri-X f i lm with an exposure time of  20 sec. 

Radioisotopes: [3H]-leucine(137 Ci/mmol), [3H]-thymidine(40 Ci/mmol), 
[3H]-ur idine(28 Ci/mmol) and NaB[3H4](5 Ci/mmol) were purchased from The 
Radiochemical Centre, Amersham, England. 

Results and Discussion: 

Effect of TPA on cel l  morphology and cel l  growth: 

Whereas NALL-I cel ls  grew as single cel l  suspension (Fig. IA), as soon as 4 

hr a f te r  exposure to TPA(IO-9-10-7M), cel ls  began to adhere to the substratum. 

Af ter  24 hr, more than 90% of the cel ls were attached to the substratum(Fig. 

IB). This adhesive behavior of  TPA-treated ce l ls  was observed even in a 
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~ e  Morphological changes after TPA treatment of NALL-I human leukemic 
I I  l ine. (A) Not treated; (B) Cells treated with lO-SM of TPA for 48 

hr. Cells in tissue culture dishes were photographed directly by a phase 
contrast microscope. Magnification, (x 400). 
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bacterial culture dish. Adherent~! i is  be detached by vigorous shaking. 

All cells attached to the substratum remained alive for 3 days. TPA treatment 

inhibi ted cell growth in a dose-dependent manner. At a concentration range 

from 10 -9 to lo-TM, no cell growth was observed(Fig.2). 

Pattern of DNA, RNA and protein synthesis af ter  TPA treatment: The amounts 

of [3H]-thymidine, [3H]-uridine and [3H]-leucine incorporated into the acid- 

insoluble fract ion were determined at various times af ter  addition of TPA 

(IO-SM). A sharp decrease in the amount of [3H]-thymidine incorporated into 
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Fi9.2. Effect of TPA on cell growth. Cells were seeded at 5xlO~/ml one day 
before the addition of TPA. Cell number of not-treated culture at day 0 and 
day 3, was 7.4xi0 s and 1.8xlO6/ml respectively. % cell growth 
c e l l  number(day3-TPA)" cell number(dayO-Not treated) 
-cell number(day3-Not treated)- cell number(dayO-Not treated) x lO0 

Effect of TPA on DNA, RNA and protein synthesis. Experimental con- 
is as described in legend to Fig.2. Extent of DNA, RNA and protein 

synthesis was determined as described in Materials and Methods. % of control 
_Acid insoluble radioactivity(TPA-time t)/lO6cells 
-Acid insoluble radioactivity(Not treated'time t)/lO~cells x lO0 
(A) - -  x--DNA; (B) - -A - -RNA;  (C) - - o  - -pro te in .  
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DNA was observed as ear ly as 2 hr a f te rTPA addi t ion(Fig.3-A) .  In contrast,  

RNA and protein synthesis were increased s l igh t l y (F ig .3 -B  and C). These 

results indicate that a f te r  TPA treatment:NAEL-I ce l ls  lose p ro l i f e ra t i ve  

capacity rapidly but s t i l l  are able to synthesize RNA and protein e f f i c i e n t l y .  

Surface s ia loglycoprote in patterns o f c e l l s  labeled by periodate/NaB[3H,] 

method: The surface s ia loglycoprote in p ro f i l e  of untreated ce l ls  is shown 

in Fig.4 lane- l .  The most strongly labeled s ia loglycoprote in had an apparent 

molecular weight of  145,000. Af ter  40 hr in the presence of IO-SM TPA, the 

pattern was dramatical ly changed with a reduction of GP 145K. Instead there 

appeared a strongly labeled GP l l5K(Fig.4 lane-2). 

Surface glycoprotein patterns of neuraminidase/galactose oxidase NaB[3H,] 

labeled ce l ls :  As can be seen in Fig.4 lanes 3 and 4, the changes in surface 

glycoprotein p ro f i l e  were remarkable. In TPA treated ce l l s ,  new glycoprotein 

with an apparent molecular weight of 145,000 was strongly labeled and GP 120K 

and 80K increased s ign i f i can t l y .  Moreover, 41.5K and 34K glycoproteins were 

visual ized. These two glycoprotein bands appeared to correspond to two sub- 

145 K - -  

1 1 5  K - 

1 2 3 4 

-- 2 2 0 K  
- -  1 7 5 K  
-- 145K 
- 1 2 0 K  

- -  80K 

- -  ~ . 5 K  
- -  3 ~ K  

Fi9.4. Fluorography patterns of surface glycoproteins labeled after periodate 
or neuraminidase/galactose oxidase treatment of cells. Periodate: (lane-l) 
Not treated; (lane-2) TPA treated. Neuraminidase/galactose oxidase: 
(lane-3) Not treated; (lane-4) Cells were treated with lO-aM of TPA for 40 hr. 
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Fig.5. Expression of HLA-DR antigen on cell surface. (A) Not treated; 
X-B~--Ce]Is were treated with lO-SM of TPA for 48 hr. Magnification, (x400). 

298 



Vol. 93, No. 1, 1980 BIOCHEMICAL AND B OPHYSICAL RESEARCH COMMUNICATIONS 

units of HLA-DR antigen. To confirm the increase in the expression of HLA-DR 

antigen, surface immunofluorescent study was carried out using a rabbit ant i -  

serum specif ic for HLA-DR antigen(18). On the surface of untreated NALL-I 

cel ls ,  HLA-DR antigen was detected as a few patch-l ike stains(Fig.5A). 

Conversely, on the cel ls treated with TPA (IO-SM) for 48 hr, ent ire regions 

of the cell surface were b r i l l i a n t l y  stained(Fig.5B). 

Further experiments are necessary to conclude that TPA induces a terminal 

d i f ferent ia t ion of NALL-I cel ls .  However, st imulation of HLA-DR antigen 

synthesis, i nab i l i t y  of cells that are al ive af ter  TPA treatment to resume 

cell pro l i fera t ion upon subculture, appearance of surface IgM (~ chain) and 

change in electrophoretic mobi l i ty of TPA treated cel ls to that of B-cell 

blasts (unpublished observation) suggest that NALL-I cel ls were induced by 

TPA to d i f ferent ia te to a terminal ly d i f ferent iated state that has some 

character ist ic properties of B-cell blasts. 
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