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Human lymphoblasts havzng znduclble aryl hydrocarbon hydroxylase (AHH) actzvzty can 

be derzved from czrculatzng lymphocytes by actlvatzon wzth phytohaemagglutlnzn (PHA). 

Although mltogen-actzvated lymphocytes have been used zn many studzes zn an attempt tJ 

correlate indzvzdual dlfferences in AHH znduclbllzty wzth susceptlb111ty to envlronmental 

carcznogeneszs, the results of these etudzes remazn controverszal (I). However, an 

assocaatzon between hzgh znduced AHH levels and prlmary lung cancer has been shown (2), and 

Inter-zndzwdual varzabilzty of lymphocyte znduczbzlzty zs generally conszdered to be under 

genetzc control (3,4). The enzyme proteins responslble for AHH actzwty are cytochrome 

P-450s. In rodent lzver, cytochrome PI-450 (P-450c) zs the form most closely assoczated 

wzth inducible AHH actzwty (5). 3azswal et al. (3) have shown an excellent correlatzon 

between znduczble P1-450 mRNA concentratlon and induczble AHH actzvzty zn mztogen-actavated 

human lymphocytes. 

Epstezn Barr Vzru8 transformed B lymphoblastozd cell lanes, whzch remazn dzplozd 

for up to 2 years zn contznuous culture, retazn indzwdual speczfzc genetzc markers (6), and 

can be readily establzshed from most donors (7), are a potentzal source of suffzczent 

materzal for the investzgatzon of the molecular and cellular baszs of zndzvzdual dlfferences 

zn AHH anduclbillty. However, there have been few studzes of AHH znductzon an B lines. 

Gurtoo and Marinello (8) examzned 75 establzshed lanes and detected znduczble AHH zn only 3. 

Thzs low frequency of AHH-znduczble B lanes probably dlscouraged further efforts to explolt 

them for studzes of human varzatzon of AHH expresszon. One lane (RPMI 1788) has been 

characterzzed bzochemzcally (9,10) and a cloned, AHH posztzve lane (AHH-1) derlved from zt 

(ll). Recently, Nagayama et al. (12) reported znduczble AHH zn B lanes (of unspeclfzed age) 

of several donors. They ascrzbed observed dzfferences an AHH znduczbzlzty to genetzc 

dlfferences of the donors. The low frequency of AHH induczble lanes reported by Gurtoo and 

Marznello (8) may be due to the age of the cultures they examzned. To our knowledge, no 

znformatzon as avazlable wzth respect to the stabllzty of AHH expresszon an human B iznes. 

To evaluate the feaszbzhty of uszng B cell lanes for the study of AHH and 

cytochrome P-450 gene expresszon an humans, we examxned AHH ~nduetzon zn newly-establzshed 

lanes from dzfferent donors durzng contznuous culture. We show here that benzo(a)anthracene 

(BA)-znduced AHH zs znztzally hagh an most lines, but declznes rapzdly durzng culture. 

However, substantial actzvzty, associated wzth detectable znduced levels of a cytochrome 

PI-450 mRNA, perszsts an some lznes for more than 30 populatzon doublzngs. Our results 

zndacate that dzfferences zn AHH ~nductaon of B cell llnes do not necessarily reflect 

genetzc dzfferences of the donors. 
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MATERIALS AND METHODS 

Lymphocytes were cultured in RPMI 1640 with 10% heat-inactlvated fetal calf serum, 

2 mM L-glutamine, lO0 units/ml penicillin and lO0 ~Jg/ml streptomycin. AHH and cytochrome c 

reductase were assayed (13) on )-day PHA-activated cultures from 5 donors (including the 

donors of lines 4, 5, 8 and 9). The BA-induced levels of these cultures ranged from 0.16 to 

0.21 units AHH/unit cytoehrome c reductase. B lymphoblastoid lines were established by 

transformation with purified, mycoplasma-free Epstein Barr Virus (Showa Res. Inst., FL) and 

maintained according to Pauly et al. (7). Lines from 8 out of lO donors were established 

(i.e. began logarithmic growth) within 27-41 days. Line CM (frozen immediately after 

establishment) was obtained from Dr R. Roy (Centre Hospitalier de l'Universite Laval, 

Quebec). BA-induced and control AHH and cytochrome c reductase activities were determined 

(9,10) on days lO, 26 and 68 after establishment of logarithmic growth (5, 14 and 30 

population doublings respectively). Cell viability was routinely greater than 90%. 

For the Northern analyses of P1-450 mRNA induction, total cellular RNA, isolated by 

the guanidine thlocyanate/CsC1 procedure (14), was denatured (5 mln, 60 °, 2.2 M 

formaldehyde, 50% formamlde), electrophoresed through 1.2% agarose in the presence of l.l M 

formaldehyde, and transferred to nitrocellulose (15). The 32P-labeled, nick-translated 

probe used (at 1.4 x lO 6 cpm/ml) was a 1200 base pair internal Pst I fragment (16) of a 

cloned rat P-450c cDNA (17) which shows 84% overall homology (including four 50-nucleotide 

segments of 94% homology) with the corresponding segment of human P1-450 cDNA (18,19). The 

final wash was at 60 ° in 0.5X SSCE, 0.1% sodium dodecyl sulfate (1X SSCE is 0.15 M NaCI, 

0.015 M sodium citrate, 0.002 M EDTA, pH 7.2). 

RESULIS AND DISCUSSION 

We measured BA-induced AHH of 9 newly established lines during 2.5 months (more 

than 30 cell generations) of continuous culture (Fig. i). Except for line 8, the 6 lines 

tested on day I0 all had substantial BA-inducible AHH activity which was equal to, or 

greater than, that of line AHH-I (20). Induced AHH declined rapidly thereafter but 

s u b s t a n t i a l  a c t i v i t y  was s t i l l  p r e s e n t  i n  l i n e s  5, 6 and 9 on day 68. i t  i s  u n l i k e l y  t h a t  

the i n i t i a l  d i f f e r e n c e s  or  the d e c l i n e  are due to d i f f e r e n c e s  in  the degree o f  b l a s t  c e l l  

deve lopment  o f  the c u l t u r e s  s ince  the cytochrome c r educ tase  l e v e l s  (13) were s i m i l a r  f o r  

a l l  l i n e s  and remained c o n s t a n t  ( l e g e n d ,  F ig .  1 ) .  I n i t i a l  d i f f e r e n c e s  in  i n d u c i b l e  AHH cou ld  

r e f l e c t  v i r a l  t r a n s f o r m a t i o n  o f  d i f f e r e n t  B c e l l s  o f  i n i t i a l l y  he te rogenous  p o p u l a t i o n s .  The 

d e c l i n e  in  i n d u c i b l e  AHH a c t i v i t y  du r i ng  c u l t u r e  cou ld  be due to  a change in  some 

component (s )  o f  the enzyme i n d u c t i o n  mechanism or  to  a decrease in  the number o f  i n d u c i b l e  

c e l l s .  In t h i s  c o n t e x t ,  i t  i s  o f  i n t e r e s t  t h a t  C resp i  and f h l l l y  (11) de te rm ined  by c l o n i n g  

t h a t  o n l y  a sma l l  p o r t i o n  o f  the c e l l s  o f  l i n e  RPMI 1788 had AHH a c t i v i t y .  The d e c l i n e  in  

a c t i v i t y  e x p l a i n s  the p a u c i t y  o f  AHH i n d u c i b l e  l m e s  among those ma in ta ined  in  c o n t i n u o u s  

c u l t u r e  ( 8 ) .  A s i m i l a r  d e c l i n e  o f  AHH a c t i v i t y  du r i ng  e a r l y  passage o f  hamster f e t a l  c e l l  

c u l t u r e s  has been d e s c r i b e d  ( 2 1 ) .  L ine 8, which had the lowes t  a c t i v i t y ,  was d e r i v e d  from a 

donor  whose PHA a c t i v a t e d  lymphocytes  had a r e l a t i v e l y  h igh  induced AHH l e v e l  (0 .21 u n i t s  

AHH/un i t  cy tochrome c r e d u c t a s e ) .  Th is  o b s e r v a t i o n ,  coup led  w i t h  the v a r i a b l e  d e c l i n e  in  

AHH i n d u c t i o n  w i t h  c u l t u r e  age,  c l e a r l y  shows t h a t  d i f f e r e n c e s  in  i n d u c i b l e  AHH in  8 c e l l  

l i n e s  cannot  be assumed to r e f l e c t  g e n e t i c  d i f f e r e n c e s  o f  the donors .  
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Fzg. i. AHH actzvlty of newly establzshed B lymphoblastozd Iznes durzng contznuous culture. 
Basal (clear bars) and BA-induced (hatched bars) AHH levels (pmoles of 3-hydroxybenzo- 
(a)pyrene aqulvalents formed/mzn/lO 6 cells) are shown for each hne at lO, 26 aq.i 6R iays 
after estabhshment (~=not determined). Preparatzon and treatment oF control ~f~l 
ZA-znduced (lO ~M, 24 hr)" cultures were as described in Refs. 9 and lO. AHH and cytochrome 

reductase were assayed and ceil number was determlned by countzng and dzrect determlnatlon 
of DNA (13) In the assay tubes. Values shown are the means oF duphcat] Fl~k~, whlch 
dlffered by less than 20%. The arrows deszgnate cultures zn wblch an inducible cytochrome 
PI-450 mRNA was demonstrated by Northern blot analyazs. Mean cytochrome c reductase wl,J~ 
' 6 <nmoles cytochrome c reduce3/,nLq/lO ceils) for the lines on days lO, 26--and 68 were (mean 
(S.D.), N = 6): 6.012.8), 7.7 (2.8) and 7.0 (0.5) respectLvely. 

Fig. 2. Inductlon of P.-450 mRNA. Total cellular RNA (I0 ug) 
from l i n e  CN (see Fig.  17, induced with BA ( lane A) and unlnduced 
( lane B), was subjected to Northern b l o t  ana lys i s .  The length of  
the BA- lnduc lb le  h y b r i d i z i n g  P1-45B mRNA species (arrow) was 
est imated to be 2.8 kb in separate experiments in which 
r ad ioac t i ve  DNA s ize markers were run in p a r a l l e l .  Exposure of 
Fuj1 NIF RX X-ray f i lm  was for  the equ iva len t  of 9 days at -80 ° 
wzth an zntenszfyzng screen. 
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Northern blot analyses of RNA isolated from lines CM and 5 (arrows, Fig i), using 

a probe derived from rat P-450c cDNA, revealed a szngIe BA-induczble 2.8 kilobase (kb) RNA 

species (Fig. 2 and data not shown). Ihe length of human P1-450 mRNA is 2.6 to 2.8 kb 

(18,22). Since the probe shows strong homology to human P1-450 mRNA (18,19), we conclude 

that the inducible 2.8 kb RNA corresponds to a human P-450 mRNA, most likely that for 

P1-450. The 2.8 kb mRNA was undetectable in RNA from induced or unznduced ceils of line 7 

after 30 population doublings (data not shown), which is as expected, given the low induced 

AHH activity in these ceils. 

In conclusion, B lymphoblastozd lines with substantial znztlal levels of induced 

AHH associated with an inducible PI-450 mRNA species can be readily obtained from most 

donors. But, since expression of AHH in these lines is age dependent and may be 

heterogenous at the cellular level, the extent of AHH Induction cannot be assumed to 

represent the AHH genetic status of the donor. The mechanism(s) responsible for the rapid 

loss of AHH znduclbzllty during passage of the lines remains to be determined. 
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