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1 
Summary: The responsiveness of 5 human squamous cell carcinoma (SCC) 
l ines der ived from tumors of the epidermis and tongue to 2 ,3 ,7 ,8 - t e t r ach lo ro -  
d i benzo -p -d iox in  (TCDD)  was assessed by measuring the induct ion  of the 
cytochrome Pa-450-medlated ~monooxyc[enase a ~  7-e thoxycoumar in  O- 
dee thyase  (ECOD).  In 4 o f ~  rues the ECso fo r  th is  response was 
approx imate ly  10-9M, whereas in one l ine the ECso was 10-a°M. In each of 
the less sens i t ive l ines a concentrat ion of 10-1°M TCDD el ic i ted less than 5% 
of the maximal enzyme ac t i v i t y .  Specif ic b ind ing  of radiolabeled TCDD was 
detected in the cytosol f rac t ion  from all the SCC l ines. The re lat ive amount 
of receptor measured in each l ine correlated wi th  max imal ly - induced ECOD 
ac t i v i t y .  The data indicate tha t  human cell l ines der ived from a ta rge t  t issue 
fo r  TCDD t o x i c i t y  contain the TCDD receptor  and show d i f fe ren t ia l  sens i t i v i t y  
to TCDD analogous to the mur ine s t ra in  d i f ferences in sens i t i v i t y  regulated 
by the A h  locus. 

One of the most studied of the biochemical responses evoked by TCDD is 

the induct ion  of cy tochrome(s)  P1-450 and the associated monooxygenase 

ac t iv i t ies ,  ary l  hydrocarbon hyd roxy lase  (AHH)  and 7-e thoxycoumar in  O- 

deethylase (ECOD) (1) .  In cer ta in inbred mur ine s t ra ins ,  the induc t ion  of 

these enzyme act iv i t ies  is regulated by a s ingle genet ic locus (designated the 

Ah locus) and i ts pu ta t i ve  gene p roduc t ,  the TCDD receptor prote in (2 -4) .  

Based on the f i nd ings  from several studies (5 -7 ) ,  i t  has been postulated tha t  

the mur ine Ah locus, e i ther  s ing l y  or in concert  wi th  o ther  regu la to ry  genes, 

contro ls  at least two d i s t i nc t  p le io t ropic  responses:  a l imited but  wide ly  ex o 

1 Abbrev ia t ions  used: AHH, ary l  hydrocarbon hydroxy lase~ ECOD, 7 -e thoxycou-  
marin O-deethy lase;  PBS, phosphate bu f fe red  sal ine, SCC, squam0us cell 
carcinoma~ TCDD, 2 , 3 , 7 , 8 - t e t r a c h l o r o d i b e n z o - p - d i o x i n .  

2EC50 = concentrat ion requ i red to e l ic i t  50-% of the maximal response. 
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pressed gene bat te ry  which includes the s t ruc tura l  genes for  cytochrome(s) 

P1-450; and in a few organs such as skin and thymus, a second gene bat te ry  

regula t ing cell p ro l i fe ra t ion  and d i f fe ren t ia t ion  (8) .  

The presence of the Ah locus in human cells, suggested by f ind ings  on 

the induction of AHH activity in cultured mitogen-activated.lymphocytes (9), 

has not been de f in i t i ve l y  establ ished. Studies on the induct ion of AHH 

ac t iv i t y  in cu l tured lymphocytes (10) and monocytes (11) from monozygotic 

and d izygot ic  twins have confirmed a her i tab le  component, but  have not been 

able to d is t ingu ish between a monogenic or polygenic mode of inher i tance.  

Chromosome mapping in mouse-human cell hybr ids  suggested that  e i ther  the 

s t ruc tura l  or regu la to ry  genes for  the induct ion of AHH ac t i v i t y  may be 

located on human chromosome 2 (12);  however,  par t ic ipat ion of mouse genes 

in the observed response was not ruled out.  

In this s tudy we have examined the responsiveness o f . cu ! tu red  human 
, %  

SCC lines ~ d  from tumors of the epidermis ~a ta rget  t issue for  TCDD 

tox i c i t y )  and tongue (13,T4~)~~'-~ TCDD as measured by the induct ion of ECOD 

ac t iv i t y .  We observed d i f fe rent ia l  sens i t i v i t y  to TCDD in these human cell 

l ines analogous to sens i t i v i t y  d i f ferences regulated by the Ah  locus in inbred 

murine strains (4) .  The presence of the TCDD receptor ,  suggested by 

these f ind ings ,  was confirmed by sucrose-densi ty  g rad ien t  analysis. 

MATERIALS AND METHODS 

Cell cu l ture .  SCC lines der ived from tumors of the tongue and facial 
epidermis (13,14) were a generous g i f t  from Dr. James Rheinwald (Dana- 
Farber Cancer Ins t i tu te ,  Boston, MA). The cells were grown in Dulbecco's 
modif ied Eagle's medium (GIBCO, Grand Island, NY) supplemented with 5-% 
fetal calf serum (Ster i le  Systems, Inc . ,  Salt Lake Ci ty ,  UT) in the presence 
of a le thal ly  i r rad ia ted layer of murine 3T3 f ibroblasts  (15). 3T3 cells were 
k ind ly  prov ided by Dr. Robert  Rice (Harvard  School of Public Health, 
Boston, MA). Cul tures were incubated at 37 ° in a humidi f ied atmosphere of 
5& CO 2 and the growth medium was changed every  th i rd  day. 

Stock solutions of TCDD (KOR Isotopes, Inc. ,  Cambridge, MA) were 
prepared in dimethyl  su l fox ide.  The f inal  concentrat ion of organic solvent  
in the medium did not exceed 0.1&. The p u r i t y  of TCDD was > 99& as judged 
by gas chromatography and by high pressure l iqu id chromatography (16).  
Special precaut ions used in the handl ing of TCDD were as described pre- 
v ious ly  (17). 

ECOD assay. Treated cul tures were rinsed 3 times with 0.02-~ EDTA in 
phosphate buf fered saline (PBS) (GIBCO, Grand Island, NY) to remove 
residual 3T3 cells. The attached epidermal cells were scraped into PBS and 
cent r i fuged at 10,000 x g for  5 rain. The cell pel let  was resuspended in 10raM 
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Tr is-HCI  (pH 7 .5) ,  sonicated and cent r i fuged at 10,000 x g for  5 rain at 4 ° . 
F i f ty  micro l i ter  port ions of the supernatant  were assayed for  ECOD ac t i v i t y  in 
a total volume of 0.5 ml as described p rev ious ly  (18). 

Receptor assay. Cells from conf luent  cul tures were harvested and 
washed as descr ibed above. The cell pel let  was resuspended in 1.5 ml of 
HEDG bu f fe r  (25 mM Hepes; 1.5 mM EDTA; 1.0 mM d i th io th re i to l ;  1096 
g lycero l ,  pH 7.6) ,  sonicated and cent r i fuged at 100,000 x g for  1 h. Five 
hundred micro l i ter  port ions of the supernatant  were incubated with 1 nM 
[3H]TCDD alone, or with radiolabel plus a 100-fold molar excess of untabel led 
TCDD for  30 min at 20 ° in 12 x 75 mm si lanized disposable glass test tubes 
(19).  The tubes were then placed in an ice bath for  5 rain. Bound 
[3H]TCDD was measured by adding the samples to dextran- 'charcoal  pellets 
(10 mg of charcoal,  1 mg of dex t ran )  (20). The dext ran-charcoa l  pel let  was 
resuspended and the sample was incubated for  15 rain at 4 ° (20). The mix- 
tu re  was then cent r i fuged at 3000 x g for  5 rain and 300 pl of  the supernatant  
(equ iva len t  to 2-5 mg pro te in )  was layered on top of a l inear 54 to 20& 
sucrose g rad ien t  prepared in HEDG buf fe r .  The gradients were cent r i fuged 
at 235,000 x g for  16 h and 0.2 ml f ract ions were col lected. Five mi l l i l i ters  
of ACS scint i l la t ion cocktai l  (Amersham Corp . ,  Ar l ing ton  Heights,  IL) were 
added and the rad ioac t iv i t y  was measured in a Beckman LS-7000 sc int i l la t ion 
counter .  [14C]-Methy la ted bovine serum albumin ( k i nd l y  prov ided by Dr. 
Robert Rice, Harvard School of Public Health, Boston, M A ) w a s  added to the 
sample as an in ternal  sedimentation marker.  

Protein.  Protein concentrat ion was estimated using the dye -b ind ing  
assay described by Bradford  (21) with bovine serum albumin as the standard.  
Protein dye b ind ing reagent was obtained from Bio-Rad Laborator ies (Rich-  
mond, CA).  

RESULTS 

The log dose-response curves for  the induct ion of ECOD ac t i v i t y  by 

TCDD in conf luent  Cultures of SCC cells are shown in Fig. 1. The greatest  

maximally induced ac t i v i t y  was measured in cell l ines SCC-13 and SCC-9. 

TCDD produced an intermediate response in l ine SCC-15 and the smallest 

response in lines SCC-4 and SCC-12F. 

Absolute enzyme act iv i t ies were converted to f ract ional  responses (maxi-  

mal ly- induced ac t i v i t y  = 1.0) to compare the sens i t i v i t y  of the SCC lines to 

TCDD (Fig.  2). In 4 of the cell l ines, SCC-4, 9, 12F and 13, the ECso 

values for  the induct ion of ECOD ac t i v i t y  were approx imate ly  1 nM ( range:  

0 .8-2.0 nM), whereas in one l ine, SCC-15, the EC50 value was 0.1 nM (Table 

I) .  In each of the less sensi t ive lines a concentrat ion of 0.1 nM TCDD 

el ic i ted less than 590 of the observed maximal enzyme ac t i v i t y  (F ig.  2). 

The potency of TCDD as an inducer  of ECOD ac t i v i t y  in the SCC lines 

(Fig.  2 and Table 1) suggested that  this response was receptor  mediated. 

The presence of the TCDD receptor was confirmed using sucrose-densi ty  

g rad ien t  analysis (Table I I ) .  Under the g iven assay condit ions using a 
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Figure 1. Log dose-response curves for  the induct ion of ECOD act iv i ty .  
Medium containing the indicated concentrat ion of TCDD was added 
to conf luent cul tures and ECOD act iv i ty  was assayed as described 
in Materials and Methods. Values shown represent the mean + SE 
of quadrupl icate cul tures.  SCC-9 (O O);  13 (e  = ) ;  15 
(D D); 12F ( :  : ) ;  4 (A A). 

c o n c e n t r a t i o n  of  1 nM [ 3 H ] T C D D  (es t ima ted  to p r o d u c e  85 to 90& s a t u r a t i o n  of  

spec i f i c  b i n d i n g  s i tes ,  as ca lcu la ted  f rom t h e  r e p o r t e d  K D va lue  in mu r i ne  

l i v e r ;  r e f .  22) ,  the  g r e a t e s t  amount  of  spec i f i c  b i n d i n g  was measured  in l ine 
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F i g u r e  2. F r a c t i o n a l  log d o s e - r e s p o n s e  c u r v e s .  T h e  d a t a  s h o w n  in F i g .  1 
w e r e  c o n v e r t e d  to  f r a c t i o n a l  r e s p o n s e s  b y  e q u a t i n g  m a x i m a l l y  i n d u c e d  
a c t i v i t y  t o  1 , 0  a n d  c o n t r o l  a c t i v i t y  t o  0.  S C C - 9  ( O  O ) ;  13 
( 0  I ) ;  15 (D D); 12F ( -  = ) ;  4 (A & ) .  
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Table I. Sensitivity of SCC lines to induction of ECOD activity by TCDD 

Cell Line ECso a ECOD Activity a 
(nM) (pmol/min/mg protein) 

Control Maximally Induced 

SCC-15 0 . I  0.5 ± 0 .1  26 ± 3 

SCC-12F 0 .8  0 .8  -+ 0 .2  12 + 2 

SCC-13 1.2 ND b 67 + 5 

SCC-9 1.3 0 .2  ± 0 .1  62 + 5 

SCC-4 2.0  0 .1  + 0 .1  12 + 2 

acalculated from the dose-response curves shown in Fig. I. 
mean ± SE for quadruplicate cultures. 

bND, not detectable (< 0.01 pmol prod/min/mg protein). 

Values represent the 

SCC-9, intermediate binding in line SCC-15, and the lowest binding in line 

SCC-12F (Table II). The relative amount of receptor measured in each line 

correlated with the maximally-induced response to TCDD (Table II). 

DISCUSSION 

In this report we have shown that cultured human SCC lines respond to 

TCDD as measured by the induction of ECOD activity, a cytochrome P1-450- 

mediated monooxygenase. In 4 of the 5 cell lines studied, the EC50 for this 

Table I I .  Specific binding of [3H]TCDD to cytosol fractions from SCC Lines a 

Cell L i n e  Specific Binding 
(fmol/mg cytosol protein) 

Relativ~ Response 
Specific Binding ECOD Activity c 

SCC-9 9.2  ( 0 . 6 )  5.3 5 .2  

SCC-15 6.1  ( 1 . 8 )  3.5 2.2 

SCC-12F 1.8  ( 0 . 3 )  1 .0  1 .0  

aspecific binding was measured by sucrose-density gradient analysis as described 
in Materials and Methods. Values shown represent the average from two separate 
experiments. The range is given in parenthesis. The total amount of protein 
added to the gradient ranged between 4 to 5 mg and the ratio of total to 
nonspecific binding was approximately 5 to 1. Single determinations on lines 
SCC-13 and SCC-4 gave values of 8.5 and 5.8 fmol/mg cytosol protein, respec- 
tively. 

bCalculated from the average values for the specific binding in each line 
and normalized with respect to the value obtained for line SCC-12F. 

CDetermined from the maximally-induced activit ies given in Table I and 
normalized with respect to the value obtained for line SCC-12F. 
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response was approx imate ly  1 nM, whereas in one l ine (SCC-15) ,  the EC50 

was 0.1 nNl (Table I ) .  The 10-fold d i f ference in the sens i t i v i t y  of the human 

SCC l ines to TCDD, as indicated by comparing EC50 values (Table I ) ,  is 

ident ical  to tha t  reported fo r  inbred mur ine s t ra ins  in which d i f fe ren t ia l  

sens i t i v i t y  to TCDD is determined by the Ah locus (7 ) .  The avai lable bio- 

chemical and genet ic data indicate tha t  the mur ine Ah locus codes for  a cy to-  

solic receptor prote in for  TCDD and isoster ic analogs (8 ,23) .  We ident i f ied a 

speci f ic b ind ing  species fo r  TCDD in the cytosol ic  f rac t ions  from each of the 

SCC lines (Table I I ) .  A s t r i k i ng  correspondence was found between the 

re lat ive amounts of receptor measured and the magnitude of maximal ly - induced 

ECOD ac t i v i t y  (Tables I and I I ) .  Thus i t  appears tha t  the human SCC lines 

examined in th is  repor t  possess the equ iva lent  of the mur ine Ah locus which 

regulates the expression of TCDD- induc ib le  monooxygenase ac t i v i t y .  

Responses to TCDD regulated by the A h locus in the mouse inc lude:  (1) 

the coordinate expression of a ba t te ry  of induc ib le  enzymes inc lud ing  cy to-  

chrome(s) P1-450 (4 ) ;  (2) c le f t  palate formation and thymic  a t rophy  (5 ) ;  and 

(3) epidermal hyperp las ia  in mur ine s t ra ins conta in ing the h r locus (6) .  In 

the mur ine teratoma cell l ine, XB-2 ,  TCDD has been shown to produce a 

hyperke ra t i n i za t i on  response which appears to be mediated t h rough  a cytosol ic  

receptor (24).  

The ex ten t  of biochemical and tox ic  responses regulated by the TCDD 

receptor in human SCC l ines is not known; however ,  in cer ta in l ines TCDD 

al ters cell p ro l i fe ra t ion  and d i f fe ren t ia t ion  as judged by colony expansion and 

kerat in izat ion (25).  In at least one cell l ine (SCC-12F) TCDD inh ib i t s  colony 

expansion and down-regu la tes  the speci f ic b ind ing  and uptake of epidermal 

g rowth  factor  (L .  G. Hudson et a l . ,  manuscr ip t  in p repara t ion ) .  The role of 

the TCDD receptor in the regulat ion of these events is suggested by dose- 

response parameters and s t r u c t u r e - a c t i v i t y  re la t ionships (25).  With the 

d i rec t  demonstrat ion of the receptor in these cells (Table I I ) ,  i t  should be 

possible to elucidate the mechanisms by which th is  prote in contro ls  cell pro-  

l i ferat ion and d i f f e ren t ia t i on .  
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