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The effects of many chemicals on cellular processes are gov-
erned by their ability to enter the cell, which is in turn a function
of the composition of the cell’s external environment. To examine
this relationship, the effect of serum in cell culture medium on the
bioavailability of cytochrome P450 1A (CYP1A)-inducing com-
pounds was determined in PLHC-1 (Poeciliopsis lucida hepatocel-
lular carcinoma) cells. The presence of 10% calf serum in the
medium increased the EC50 (effective concentration to achieve
50% maximal response) for induction of ethoxyresorufin O-deeth-
ylase (EROD) activity by 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) 20-fold as compared to treatment in serum-free medium.
Measurement of [’H]TCDD uptake and Ah receptor binding in-
dicated that the apparent difference in potencies was a result of
decreased bioavailability in the presence of serum, effectively re-
ducing the concentration of TCDD within the cells. Induction of
EROD and CYP1A protein in response to treatment with each of
three coplanar polychlorinated biphenyls (PCB congeners 77, 126,
and 169) was similarly affected by serum, although the magnitude
varied among inducers and assays. Relative potencies (calculated
as EC50+cpp / EC50p¢3) for EROD induction by the three PCBs
were significantly higher in the absence of serum. However, serum
showed no significant effect on the relative potencies for CYP1A
protein induction. These results demonstrate that measured in-
ducing potencies, and relative potencies for EROD induction, by
halogenated aromatic hydrocarbons are strongly dependent on the
composition of culture medium, which can lead to artificial dif-
ferences in comparisons among cell types.
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Cells in culture, both primary cultures and established cdl
lines, have become important systems for investigating tox]r
mechanisms and evaluating the potential toxicity of previous}y’
unstudied compounds. Establishing accurate concentration-
sponse relationships in such systems is critical. The impact
artifacts introduced by cultured cell assays on the ability t0
compare responses among organisms, cell types, and indi\%
ual compounds is poorly understood. One potential sourceFHPt
error introduced in such assays is the presence of serum in

culture medium. Serum is poorly defined, comes from diverse
donor animals, and has substantial lot-to-lot variability in com- ©
position. In addition, cell lines have differing serum require- %
ments, which introduce further variability when comparing §
responses among cell lines. Serum factors affect the prolifer&
ation rates of cells as well as a host of other metabolic pro—g
cesses.

The induction of cytochrome P450 1A (CYP1A) protein and
catalytic activity in cultured cells is being used with increasing X
frequency to compare the sensitivities of a variety of organisms.;'
to the effects of halogenated aromatic hydrocarbons (HAH).g
Cells from mammals (Safe, 1987; Sawyer and Safe, 19825
Tillitt et al., 1991), birds (Kennedgt al., 1996a; Kennedgt
al., 1996b), and fish (Clemoret al., 1996; Hahret al., 1996)
have been used to study the mechanisms of HAH toxicity and&
in the absence dh vivo data, to establish taxon-specific toxic %
equivalency factors (TEFs) for these compounds (van den Ber@
et al., 1998). Comparisons of these results can reveal mechaa.
nistic differences in the induction pathway of CYP1A among ;
taxa. However, differences in CYP1A induction among cell
culture systems can also reflect the culture conditions of th
cells.

Serum is known to impact the effects of CYP1A inducers g
and CYP levels in cultured cells. For example, the presence o
10% fetal calf serum reduces the potency of TCDD and%
PCB126 for inhibiting aromatase (CYP19) activity in JEG-3 §
human choriocarcinoma cells (Drerghal., 1998). Serum and @&
other medium components can also alter the detectable levels
cytochromes P450 in rat hepatocytes (Hammond and Fry?;
92; Turner and Pitot, 1989) and HepG2 cells (Doosttar
, 1991; Doostdaet al., 1988). Despite these provocative
dings, there has been no quantitative study of the effect of
s§rum on CYP1A induction by HAH. Because these com-
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R)ounds are very hydrophobic and have limited aqueous solu-

ities, it can be expected that serum components, such as
eins and lipids, would have a significant effect on the
Bigavailability of HAH for cell uptake. Because entry into the
cell is the first step in the toxic mechanism of these com-

' To whom correspondence should be addressed at Biology Departm&]?,unds’ effects at this stage will be pmpagatEd (and perhaps
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Following entry of an inducer into the cell, CYP1A induc-
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tion is controlled by the ligand-activated transcription factor Growth and treatment of cells. PLHC-1 cells (Hightower and Renfro,
ary| hydrocarbon receptor (AHR). Binding of HAH to thelQBS) were grown at 30°C in minimum essential medium (MEM) containing

. S . Earle’'s salts, nonessential amino acids, L-glutamine and 10% calf serum
AHR activates transcription of CYP1A and mediates the to>(<§igma C6278, lot 106H4628), as described previously (Hethal., 1993)

icity of the inducer. A compound’s potency for CYP1A induCone day prior to dosing, cells were suspended to 0.5 o 10° per ml and

tion in vivo or in cultured cells is a strong predictor of itSseeded into 48- or 96-well plates (Costar; Cambridge, MA) at 0.5 or 0.2 ml per
toxicity (Safe, 1984). Use of cell culture systems for rapidgell, respectively. One day later the medium was removed and replaced with
analysis of the potential toxicity of individual compounds anHesh medium. Media used in the experiments include MEM without serum,

. . . . with 5% serum, with 10% serum, with 10% delipidated, charcoal-stripped calf
environmental samples has increased with refinements s!ahum (Sigma C1696), and with 10% fetal bovine serum (FBS; Gibco; Grand

CYP:!-A measurement techniques. Levels of both the C_Yplﬁhnd, NY). Serum-free MEM supplemented with bovine serum albumin
protein (Bruschweileet al., 1996; Hahret al., 1996) and its (BSA) was also used. The cells were then treated by addition of solutions
ethoxyresorufiD-deethylase (EROD) activity (Kennedyal., dissolved in DMSO or DMSO alone (2.5 or 10/well). DMSO concentra-
1993) can be measured directly in the same multiwell p|at@§15 were= 0.5% (v/v) in all treatments. Following treatment, plates were

incubated at 30°C for 24 h unless otherwise indicated. For TCDD- specific
used for growth of the cells and exposure to HAH. binding experiments, cells were seeded into 24-well plates (Corning; Corning,

The toxic eqUin"‘lenCy approa(_:h gtilizes these induction d‘fﬂ@’) at 2 x 10° cells in 1 ml culture medium per well. With the exception of 5
to assess the toxic potential of individual compounds or mixe delipidated serum and FBS, all serum used was from a single lot. None o

tures relative to that of 2,3,7,8-tetrachlorodibemedioxin the media or HAH treatments reduced cell viability, as assessed by Trypan blutg—
(TCDD). The potency of a compound for eliciting a respong&clusion.

can be compared to the potency of TCDD for the same l,e_EROD and protein assays. EROD activity was measured using a multi-
well fluorescence plate reader by a modification of the method of Kenetedy

sponse by calculating the ratio of their respective EC50s (Coarll._, (1995). Cells were rinsed once with 0.5 ml room-temperature PBS, and th

Cent_ration eliciting a 50% ma)fimal ?ffeCt)- Such relative pa=Rrop reaction was then initiated with the addition qi®! 7-ethoxyresorufin
tencies from several systems, including cultured cells, are therphosphate buffer (20Ql/iwell). The reaction was stopped after 8 min

used to determine TEFs for individual taxa (van den Befrg (resorufin production is linear with respect to time over this period; Hlah,
al. 1998). 1996) with the addition of 15@.l ice-cold fluorescamine solution (0.15 mg/ml

In previous reports we have established the conditions ingcetonitrile). After a 15-min incubation, resorufin and fluorescamine fluo-
P P a]% cence was measured. Resorufin and protein concentrations were determinged

methods for measuring EROD activity and CYP1A inductiofom standard curves prepared in the same plate. BSA was used for the protei&
in PLHC-1 cells (Hahn and Chandran, 1996; Hatal., 1993; standard curve. In some experiments, the EROD reaction was followed kinet3.
Hahnet al., 1996), which are derived from a hepatocelluldgally over 8 min, as described previously (Habhal., 1996). Protein was g
carcinoma of the topminnowoeciliopsis lucida(Hightower measured using fluorescamine as described above. Py

and Renfro, 1988). Here we make use of those findings tg CDD uptake. PLHC-1 cells were seeded in 48-well plates, grown for 1 <
' day, and then fed media as indicated in figure legends. They were treated wit@-

examine the role of serum in uptake of HAH from the CUIturEH]TCDD in DMSO as above and incubated at 30°C. At0.5, 1,2, 7, and 24 h §

medium py ceIIs..This represents a first step in exa}mining.t Sst-treatment, the culture medium was transferred from each well to a<
complex interaction between these cells and their chemigaparate vial. Cells were removed by sequential incubation with two 0.2-mlS

milieu. The results provide compelling evidence that serugfiquots of 0.05% (w/v) trypsin, which were then combined in a single vial. g

affects the potency of AHR ligands, and likely other hydm@ell remova_l was v_erified by migroscopy. TCDD retained on W(_eII surfaf:es Was"z'
. . . extracted with a single 1-ml aliquot of hexane. TCDD associated with eachg
phobic compounds, in cells in culture.

fraction (medium, cells, and well) was determined by LSC. Protein concen-g§
trations were determined using fluorescamine in duplicate wells fed eachS
medium and treated with DMSO alone. g
MATERIALS AND METHODS TCDD binding. Specific binding of {H]TCDD in PLHC-1 cells was
measured by a whole-cell filtration assay (Dold and Greenlee, 1990). One dag
Chemicals and solutions. The 2‘3’7’8_tetrach|0ro[lyﬂ4]dibenzo_p_diox after Seeding in 24-well plates, the cells were fed 0.5 ml of the indicated media.('ﬁ
in ([*H]TCDD, stated purity=97%, specific activity 27 Ci/mmol) was eb Cells were treated with 0.18 nMH]TCDD in the presence or absence of 40 ‘B
tained from Chemsyn Science Laboratories (Lenexa, KS). Its radiochemi TCDF and incubated 2 h at 30°C. This time was determined to be sufficients
purity was> 91% as determined by HPLC immediately prior to use for uptaki® achieve a steady state of bound radioligand (not shown). Following the
experiments and- 96% for specific binding determination. Unlabeled TCDD,ncubation, medium was removed, cells were rinsed with 0.5 ml ice-cold PBS,
2,3,7,8-tetrachlorodibenzofuran (TCDF), PCB 77 (3,3',4,4'- tetrachlorobipH&en detached with 0.5 ml trypsin. The trypsin was inactivated by the addition
nyl), PCB 126 (3,3,4,4,5- pentachlorobiphenyl), and PCB 169 (3,3',4,4’,5,9%.0.5 mlice-cold culture medium (with 10% serum), and cells from each well
hexachlorobiphenyl) were all obtained from Ultra Scientific (Kingstown, RIywere collected under vacuum on a 25-mm Whatman GF/F filter that had been
Resorufin, ethoxyresorufin, and Amplex Red were obtained from MoleculBfewetted with PBS. Filters were then washed four times with 2.5 ml acetone
Probes (Eugene, OR). Peroxidase conjugated goat anti-mouse antibody fiashad been precooled to —80°C. Replicates were processed in batches of 12
from Pierce (Rockford’ ||_) All other reagents were obtained from S|gma (S‘n a M|“|p0re 1225 filter manifold. RadiOaCtiVity remaining on the filter was
Louis, MO). quantified by LSC. Specific binding was measured in triplicate as the differ-
Phosphate-buffered saline (PBS) is 0.8% NaCl, 0.115%HR®,, 0.02% ence of each of three total binding (without TCDF) replicates and the average
KCl, 0.02% KH,PO,, pH 7.4. Phosphate buffer is 50 mM MO, with pH  of three nonspecific binding (with TCDF) replicates in each medium. Protein
adjusted to 8.0 with 50 mM Na}?O,. TCDD, TCDF, and PCB solutions were concentrations were determined in duplicate wells fed each medium and
prepared in dimethyl sulfoxide (DMSO) as described previously (Hetai., —treated with DMSO alone.
1996). Concentrations of ff]TCDD solutions were verified by liquid scintil ELISA assay. Enzyme-linked immunosorbence assays to detect CYP1A
lation counting (LSC) on a Beckman LS5000TD. were performed essentially as described (Bruschwetilad., 1996). One day
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180 serum (S; Fig. 1). In this experiment, cells were grown in,S
160 | that was replaced by either, ®r S, immediately prior to
140 f treatment with TCDD. CYP1A-catalyzed EROD activity was
g | 1 measured 24 h later. The dose of TCDD required to elicit a
s 120 50% maximal induction of EROD was about 20-fold less in
% 100 | cells treated in Sthan in cells treated in $ (Table 1. A
g 80 | i separate comparison of EROD induction in medium supple-
2 e mented with 10% FBS showed that the EC50 was about 4-fold
& ! lower than in § and 5-fold higher than in S(not shown).
40 - Consistent with earlier results (Haknal., 1996), there was no
20 basal EROD activity regardless of medium used.
0 - e ~ In order to determine whether the culture medium affected
0.0001 0.001 0.01 0.1 1 10 10 Partitioning of TCDD within the environment of a well, we
TCDD (nM) measured the uptake GH]TCDD. Four different serum treat

ments were compared:,SS,,, 10% delipidated serum {9,
FIG. 1. Effect of serum on potency of EROD induction by TCDD. Cellsand 5% calf serum @ After growth in S,, PLHC-1 cells

were fed culture medium with (§ or without (S) 10% calf serum immedi . 3 . .
ately prior to treatment with TCDD. EROD activity (picomoles of resorufirwere treated with 1 nM H]TCDD in each of these media and

formed per min per milligram of cellular protein) was measured 24 h later. TR&Mpled at subsequent times to determine the timing of TCDDg

0.0001 nM TCDD concentration represents treatment with DMSO alongptake by the cells (Fig. 2A). The TCDD associated with cells 3
Points are means SE of four wells. The modified Gaussian fits to these datgeclined Stead”y from an ear|y maximum and reached Stead%
are plotted. state between 2 and 7 h post-treatment. TCDD was adde@
directly to the medium overlying the cells in a DMSO solution, g
and the higher density of that solution accounts for the largeg

i . . o
75% ethanol 15 min, and in 95% ethanol 30 min. After washing three time@sarly values of cell-associated TCDD in the adherent PLHC-12

with PBS, nonspecific antibody binding was blocked with 10% fetal bovin@e”s' Once a Steady state haP' been aCh'eV_ed’ celI-assouat@d
serum and 2% BSA in PBS for 1 h. The primary antibody, mouse anti-scdicDD was 2- to 3-fold greater in cells treated in® S, than
CYP1A monoclonal antibody 1-12-3 (40g/ml; Parket al., 1986), was then in S; or Sj,.

added in 10Qul blocking solution for 1 h. After three washing steps with PBS, Having established the timing of TCDD uptake, it was
100pu_l second_ary antibody, peroxidase conjugated goat anti-mo‘use (2:100 iBssibIe to determine its partitioning in wells at different
blocking solution), was added for 1 h. After another three washing steps with . . . .
PBS, 1004l substrate solution (10uM Amplex Red, 100uM H,O, in concentrations. Using the same four_ media, the fraction of tpta_ﬁ
phosphate buffer, pH= 7.0) was added for 30 min. All incubations were TCDD added that was associated with the cells was detel’mlneﬂ'
performed at room temperature. Resorufin formation was measured in 2 h post-treatment for four different concentrations of TCDD &
fluorescence plate reader. For each treatment the background fluorescefrgple 2 and Figure 2B). Again, the fraction of TCDD asso-

defined as the fluorescence detected in untreated cells, was subtracted, aragfbd with the cells was highest in the cells treated(jraﬁd

values were normalized to the maximum response measured. The assay was__ . . . .
also performed on wells without cells or without the addition of primar)lloweSt in those treated i, The fraction of TCDD associated

antibody, and these controls yielded fluorescence values nearly identicalh cells was nearly constant between 0.01 nM and 1 nMg
those in untreated cells, consistent with our earlier results detecting no CYPWithin each medium treatment, but declined at 10 nM (Figure ¥
protein or EROD activity in untreated cells (Habkhal., 1996). ZB). The fraction of TCDD in the overlying medium was g

Curve fitting and statistical analysis. For determination of dose-responsesimilar within each medium treatment at all concentrations Ofa‘

relationships, EROD data were fit to a modified Gaussian function, aFidCDD. at 10 nM a greater fraction of TCDD was found &
CYP1A induction data were fit to a logistic function. The rationale for use o ’ T

P i n
these functions has been described previously (Hslal., 1996; Kennedgt associated with the p0|y5tyrene walls of the wells (Table 2)' 2

=2
al., 1993). The Gaussian function properly reflects the biphasic nature of >
EROD induction, while a logistic function forms a plateau at higher inducer

papeo|umoq

after treatment in 96-well plates, cells were fixed in 50% ethanol 15 min,
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concentrations, consistent with CYP1A protein induction in these cells. Sta- TABLE 1
tistical analyses were performed with the aid of Excel (Microsoft; Redmond Effect of Medium on Dose-Response Relationship Parameters
WA) and JMP IN (SAS Institute, Inc.; Cary, NC) software. for EROD Rates in PLHC-1 Cells Treated with TCDD
RESULTS Medium EC50 (nMy EC100 (nM}
. y S 0.022 0.138
Culture Medium Composition Affects TCDD Uptake S, 0.474 2590

While investigating the effects of culture media composition o _ _ , .
to TCDD in PLHC-1 cells. we found that TCD Note. Modified Gaussian functions were fit to data from Figure { #8d
on responses . o ’ Qm) to obtain these values.
was more potent in eliciting an EROD response when added {6 gcs0 and EC100 are nominal TCDD concentrations producing 50% and
cells in serum-free medium {Bthan in medium with 10% calf 100% of maximal EROD induction, respectively.
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A Because the delipidation process may remove several serum
constituents, it was necessary to determine which compo-

06 i =50 | nent(s) of serum was responsible for retaining TCDD in the
05 - \—-sDL,

| +—s5

medium. The effect of protein concentration on TCDD uptake
was investigated. Cells were treated with 1 nM TCDD as
above, except that additional treatments consisting,Uup
plemented with increasing concentrations of BSA were added
(Figure 2C). Protein at concentrations near those, jro6S;,
(5—-8 mg/ml according to the supplier) produced uptake iden-
tical to that in g, indicating that protein and lipid both

pmol TCDD/mg protein

0 5 10 15 20 25

! contribute to reduced uptake in the presence of serum.
Time (hours)
B Differences in Uptake Affect TCDD Binding by the
AH Receptor 5
0.6

'oso The effect of medium composition on specific binding of %
|SSDL| TCDD by AHR in PLHC-1 cells was measured. Cells were g
@ss grown in S, fed one of the four media, treated with 0.18 nM &
___ms1©||  [34TCDD in the presence or absence of 40 nM TCDF, ands

incubated for 2 h. This concentration of TCDD was selectedz
because it is near the value at which cells treated,inrss,,
showed the greatest difference in EROD response (Figure 1)%
Binding of TCDD to the AHR was measured by a whole-cell =

Q
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Fraction of Total TCDD
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TCDD bound was 3- to 4-fold higher in cells treated inedd

C showed the same relationship among medium treatments as t
fraction of TCDD associated with the cells, i.e>8> Sy >
S:> Sy (Fig. 3. Thus, the differences in specific binding
reflect the differing concentrations of TCDD within the cells
among the treatments, as shown in Figure 2.

'_\
©
©
o
N
_|
>
@
o
3
o
c
S
~—+
o
o,
10JX

0.8

Differences in EROD Response Are Due to Differences in
TCDD Uptake

LON Jo AiseAlun e /Bioseggnolp.

Cell-associated
Fraction of Total TCDD

PLHC-1 cells were fed the four media and treated with 0.01,2,
0.1, 1, or 10 nM {H]TCDD exactly as for the uptake experi
ment, except that after 24 h the levels of CYP1A-catalyzedg
EROD activity were measured (Figure 4A). As expected from Y
the results shown in Figures 1 and 3, a greater amount o

S0 + BSA (ma/mi) TCDD bound by the AHR in Sled to a greater induction of &

EROD even though nominal TCDD concentrations were the®

same. For example, at 0.1 nM TCDD, the magnitude of theg

FIG. 2. Effect of serum on TCDD uptake in PLHC-1 cells. Cells WereEROD response among the _medlum treatments .s'hov.ved. the
fed culture medium with no serum, 10% delipidated calf serum)$% Same rank order as the magnitude of TCDD-specific binding.
calf serum (§), 10% calf serum, or increasing concentrationsThough the use of fewer concentrations of TCDD makes

of BSA (numbers in milligrams per milliliter). (A) Cells were treated withdetermination of a dose_response re|ati0nship less precise, the

1 nM [*HITCDD and sampled at the indicated times to determine the,q,ction potencies in this assay were similar to those seen in
amount of TCDD associated with the cells. Cell-associated TCDD w.

normalized to protein content to account for differences in cell numb & initial experiment (Flg. 1)' .
among the treatments. Points are means of duplicate wells. (B) Cells were/Vhen the dose-response curves are expressed in terms of

treated with the indicated concentrations #JTCDD and collected after cell-associated TCDD rather than nominal concentration in the
24 h. The ordinate represents the fraction of the total amount of TCDBedium, the points from the individual treatments align into a
recovered that was asso_mated with the cells. *Indicates significantly dgingle biphasic induction curve typical of EROD induction by
ferent from all other medium treatments € 0.05, ANOVA). (C) As (B), . . . . .

except that $supplemented with 10, 5, 2.5, 1, and 0.5 mg/ml BSA werJCDD In .PLHC']‘ (_:el_ls (F'Q- 4B). This relationship .SUQQGStS
also compared, and treatment was with 1 nM TCDD. Points are meansthat the difference in induction potency among media used for

SE of three wells. treatment of PLHC-1 cells is due solely to differential parti-

Sexa

S0 SDL $10 10 5 25 1 0.5
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TABLE 2
Fractions of TCDD Associated with Culture Medium, PLHC-1 Cells, and Well Surfaces

Fraction of total TCDD associated with

Medium treatment Nominal TCDD concentration (nM) Medium Cells Wells
So 0.01 37% 36% (1.4) 27%
0.1 33% 47% (15) 21%

1 33% 44% (160) 23%

10 28% 16% (460) 56%

Sou 0.01 2% 14% (0.75) 14%
0.1 71% 18% (5.7) 10%

1 71% 19% (78) 9%

10 59% 9% (261) 33%

Ss 0.01 74% 15% (0.67) 11%
0.1 83% 12% (3.6) 5%

1 78% 17% (61) 5%

10 74% 6% (180) 20%

S 0.01 79% 11% (0.56) 10%
0.1 90% 7% (2.4) 3%

1 86% 12% (45) 2%

10 79% 5% (170) 16%

Note.PLHC-1 cells were grown in $for 24 h after subculture, fed the indicated medium, and treated with the indicated nominal concentrasiODD.
Partitioning of the {H]TCDD was determined after 24 h as described in Materials and Methods.
2 Average pmol of {H]TCDD associated with the cells in a well for each medium treatment ##[TCDD concentration are indicated in parenthesis.

tioning of TCDD between the media and the cells. The co&ulture Medium Composition Alters the Relative Potency
centrations of TCDD necessary to induce given EROD re- of HAH

sponses can be expressed in terms of picomoles of TCDD per ) -
milligram of cellular protein for comparison across all treat- V& Wished to determine if serum reduces the uptake of otheg:

: 2
ments (EC50= 0.025 pmol/mg, EC106= 0.135 pmol/mg). HAH to the same degree that it does TCDD. PLHC-1 cells wereg.

. . . <
Because protein content of the wells is linear with respect %posed to each of three CF’P'a”ar PCBs in medium W'_th Ofg,
without serum, and EROD activity was assayed 24 h later (Fig. 5)Z

cell number (Hahnet al., 1996), TCDD doses shown 4 he EC50 values for the responses are shown in Table 3. For each
proportional to the dose per individual cell. compound, the EC50 in,Swas lower than that in 5 The E
differences ranged from about 20-fold for TCDD to about 2000-@
fold for PCB 77, although there is substantial uncertainty in theg
45 latter value, because a precise EC50 is difficult to obtain for this
compound in § (e.g., Hahret al., 1996).
As the potency of EROD induction by PCB 77 in PLHC-1 @
— cells is quite variable and the efficacy of EROD induction was 13
B '* much lower for both PCBs 77 and 169, levels of CYP1A &
) ' ) protein were analyzed more directly using an ELISA. Cells
were treated as for the EROD assay, but were fixed and
analyzed for CYP1A content using the monoclonal antibody

N e /BI0'S[eUIN0[PIOJXO" 19SX01//:0NY WO | Papeo luMoQ

Jequue:

TCDD Bound (fmol/mg)

S0 SDL

Medium Type

§10

1-12-3, as described in Materials and Methods (Fig. 6).
As with EROD induction, EC50 values for ELISA-measured
CYP1A induction (Table 3) were consistently higher in,. S

FIG. 3. Effect of serum on specific binding of TCDD in PLHC-1 cells. However, the magnitudes of the increases (the ratio in the final
Cells were fed the indicated medium immediately prior to treatment with 0.Xblumn of Table 3) were 5- to 10-fold smaller with PCBs 77 and
nM [*H]TCDD in the presence or absence of 200-fold molar excess TCDEB9 for CYP1A protein as Compared to EROD. The EC50 for

Specific binding was determined by the whole-cell filtration assay of Dold an
Greenlee (1990). Specific binding of TCDD is reported as femtomoles
TCDD per milligram of total cellular protein. Points are meansSSE of three

specific binding determinations.

ﬁduction of CYP1A protein was greater than the EC50 for EROD
induction in all treatments, in agreement with our previous results
(Hahnet al., 1996).
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A EROD assay for the three PCBs were significantly lower.in S
6 than in S. In contrast, when CYP1A induction was measured by
ELISA, there were neither consistent nor significant differences in
relative potencies determined with cells in the two media.
£
£
E
£ A
£
a
Q
4
w
=)
£
£
0.001 0.01 0.1 1 10 £
[}
Nominal {TCDD] (nM) g 9
o
B o s
[T} o
8
8
0.01 0.1 1 10 100 1000 10000 >
3 PCB 77 (nM) g
£
< B f
= 80 g"
5 70 =1
g 5 ’ :
g 2
£ 1 o
£ g
g )
0.001 0.01 0.1 1 10 s c
. o 3.
<
pmol TCDD / mg protein % %
FIG. 4. TCDD uptake and EROD induction. (A) EROD rates versus <
nominal TCDD concentration in medium. Cells were fed and treated as in QZ'*
Figure 2B. EROD activity was measured 24 h later. The 0.001 nM nominal ‘ ‘ ‘ Q
TCDD concentration represents treatment with DMSO alone. Points are 0.001 0.01 01 1 10 100 1000 3
means=* SE of four wells. (B) The EROD rates in (A) plotted against PCB 126 (nM) o)
cell-associated TCDD determined as in Figure 2B. TCDD concentrations are )
expressed as picomoles of cell-associated TCDD per average milligram cdl- S
lular protein for each treatment. Average cellular protein contents for the 89
medium treatments were 92, 116, 116 and L84per well for §, Sy, Ss, and 45 o50 g
Sy, respectively. The modified Gaussian fit to the EROD data is plotted 40 ‘_510‘ g
(EC50 = 0.025 pmol/mg, EC106= 0.135 pmol/mg). 5 ¥ ‘ @
E 30 N
c o
25 5

The ELISA as performed provides only a relative measure 0§

CYP1A protein content, but the range of values produced anf fz |

the pattern of induction by TCDD in,gclosely parallel those § ,,|

previously obtained by Western blot (Hakhal., 1996). This & 5|

indicates that the response as measured in this assay can be 4 g ° 5

correlated with the values from a more quantitative approach. .5 :

Furthermore, maximal levels of detected fluorescence from the o0.001 0.0 0.1 1 10 100 1000 10000
ELISA assay were similar among all the treatments, indicating PCB 169 (nM)

that the maximally induced level of CYP1A is similar among

the four compounds, regardless of medium used. FIG. 5. Effect of serum on potency for EROD induction by coplanar

PCBs. Cells were treated and assayed as in Figure 1, except that treatment was
The ECS50s for the EROD and ELISA assays were used [0 pce 77, (B) PCB 126, or (C) PCB 169. The lowest concentration in
calculate relative potencies for the four compounds within eaghch panel represents treatment with DMSO alone. Points are meSgsof

medium treatment (Table 4). Relative potencies as determinediday wells. The modified Gaussian fits to these data are plotted.
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TABLE 3
Effect of Serum on CYP1A Induction EC50s Measured by EROD and ELISA for TCDD and Three Coplanar PCBs

EROD EC50 (nM} ELISA EC50 (nM}
S, S Ratio of EC508 S, Si Ratio of EC508
TCDD 0.016= 0.004 0.33+ 0.10 21 0.021+ 0.003 1.2+ 0.3 57
PCB 169 1.58+ 0.43 246+ 102 160 38+ 5 1400+ 148 37
PCB 126 0.029+ 0.004 0.99+ 0.18 35 0.24+ 12 4.4+ 2.7 19
PCB 77 0.73+ 0.30 1500+ 550 2000 13+ 5 2200+ 82 170

% EC50s were determined from modified Gaussian functions for EROD dose responses and from logistic functions for ELISAs. Values arSmeéns
three or four replicate determinations, such as those shown in Figures 1, 5, and 6.
® Ratio = EC50(S,) / EC50(S) for each compound and assay.

@)
Q
DISCUSSION potency of the compounds. Furthermore, the magnitude of this

This series of experiments demonstrates a reduction in HAlgcrease is not the same among the HAH studied; this may le

uptake by PLHC-1 cells when bovine serum is included in tHe changes in relative potencies for EROD and CYP1A induc-%
culture medium. This in turn leads to decreased occupancytioin among the compounds. Serum will likely have a similar S
the AHR and an apparent decrease in the CYP1A inductieffect on the uptake of other hydrophobic chemicals. §
g
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FIG. 6. Effect of serum on potency of CYP1A induction by HAH. Cells were treated as in Figures 1 and 5. CYP1A content was measured 24 h later by
ELISA. The compounds used were (A) TCDD, (B) PCB 77, (C) PCB 126, or (D) PCB 169. The lowest concentration in each panel represents treatment wit
DMSO alone. Points are mears SE of four wells. The logistic fits to these data are plotted.
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TABLE 4
Effect of Serum on Determination of Induction Relative Potencies

EROD Relative Potenéy ELISA Relative Potency
S Sio Ratid S Sio Ratid
TCDD 1 1 1 1 1 1
PCB 169 0.0075- 0.0018 0.0016+ 0.0010 0.2r 0.0016= 0.0008 0.0004%- 0.00009 0.31
PCB 126 0.67+ 0.18 0.12+ 0.02 0.18 0.031= 0.004 0.075+ 0.041 24
PCB 77 0.017+ 0.005 0.0004G- 0.00013 0.02 0.0016+ 0.0008 0.00054= 0.00012 0.34

® Relative potencies were determined for each medium treatment and assay by dividing the EC50 for TCDD by the EC50 for each PCB. Valuestare means
SE of three or four replicate determinations.

® Ratio = relative potency (§) / relative potency (§ for each compound and assay.

¢ Indicates relative potency in 10% serum is significantly lower than relative potency in 0% serard.05) by one-tailed pairetitest. Relative potencies
from each experiment were paired for the analysis.

0[umoq

HAH Partitioning in a Multiwell Plate cells (compare Fig. 3 and the 0.1 nM TCDD group in Fig. 2B). %

Our measurements of TCDD partitioning demonstrate thgpis supports a_direct _relationship between the amount ofg
the majority of the compound remains in the medium whe pmpound associated with the 96”5 and the amount pqund bg‘
serum is present. Thus, small changes in medium composi$ AHR when the copcentratlon of TCDD 'S sufficiently 2
could have significant effects on the amount of compound t e[*ov-v.the. amOl-Jn.t required for receptor satu.ratlon. The latterg
enters the cells. The fraction of total TCDD associated with tf@ndition is satisfied here, as the concentration used was les$
polystyrene wells was approximately equal to that found in tB2n the I for TCDD binding to the AHR (K = 0.8 nM in
cells, suggesting that the composition of the chamber used fsr Hestermanret al,, in preparation). . _
treatment also could affect the amount of compound thatHowever, comparison of receptor occupancy and mducﬂoné
reaches the cells. of EROD or CYP1A does not reveal a direct relationship like o

The percentage of total TCDD associated with the PLHC!at occurring between TCDD uptake and receptor occupancys
cells was lowest at the highest nominal concentration of TCDDere was a 4-fold increase in receptor occupancy in cells in S&
(10 nM), regardless of the medium used for treatment (TagRther than § medium, but a much larger increase in CYP1A 2.
2). Also, at 10 nM TCDD, the fraction associated with the weffontent (compare Fig. 3 with the 0.1 nM nominal TCDD g
walls increased, perhaps because at this concentration the ¢igcentration in Figs. 1 and 6A). This is most likely the result’s
were saturated with TCDD, and the compound was diffusirf & nonlinear occupancy-response relationship (also known ag
through the basal membrane of the cells to the floor of the wélpare receptors” or “receptor reserve”) (Kenakin, 1999) for 3
Reduced diffusion at low TCDD concentrations is consisteAiCDD and the AHR in these cells. Under such conditions, g
with the finding of Yuet al., (1997) that H4IIE cells apparentlysubmaximal receptor occupancy will produce maximal cell &
reduced sorption of PCB 77 to the floor of culture plates. Thegsponse, so that small changes in occupancy would producg
same study also found that a majority of PCB 77/76%) much larger changes in downstream responses. We are pursg-
remained in the medium, which was supplemented with 15#g the precise nature of this relationship in the PLHC-1 cell &
FBS. They found no effect of carrier (isooctane vs. DMSO) dine.
the fraction of the compound associated with the cells, which Relative potencies of the three coplanar PCBs determined i
was at most 5%. Uptake studies with radiolabeled PCB77 ha8ewere significantly higher than those determined ig f8r
demonstrated similarly low levels associated with PLHC-EROD response but not CYP1A protein induction. This sug-
cells (A. Patel and M. E. Hahn, unpublished results), suggegests that the presence of serum has an effect on CYP1A
ing that HAH partitioning is consistent between these two cajhtalytic activity that is separate from its effect on induction via
types and their media. In contrast, Schirreeal., (1997) found the AHR. The biphasic dose-response relationships typical of
that the presence of 10% FBS in culture medium greatly altergkOD induction are a result of the balance between CYP1A
the solubility of fluoranthene but did not significantly changgduction and competitive inhibition of catalytic activity by the
the amount of that compound associated with cells from twQqucer at higher concentrations (Gooshal., 1989; Hahret
fish lines. al., 1993; Petrulis and Bunce, 1999). Inhibition lowers EROD
induction EC50s relative to EC50s for induction of CYP1A
protein, and thereby increases the apparent relative potency for

The magnitude of the effect of serum on AHR occupandhpe EROD response (Hahet al., 1996). It therefore seems
was nearly identical to the difference in uptake of TCDD bijikely that serum influences the inhibitory effect of the induc-
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ing compounds. Alternatively, there may be serum componeiatscount, and previous conclusions regarding extrapolation
that alter EROD activity in PLHC-1 cells by another mecharom cultured cells may require reexamination.
nism. This report continues our work of establishing the utility and
optimal conditions for use of PLHC-1 cells in studying the
mechanisms of HAH action. It also establishes a framework for
measuring other effects of culture medium composition on
Perhaps the greatest potential for error in interpretatian of AHR signal transduction in these cells. Through continued use
vitro bioassay data suggested by our results is in comparisorobfthis model we hope to gain a better understanding of the
induction EC50s and relative potencies among cell lines. Ceallolecular mechanisms that ultimately result in HAH toxicity.
lines vary widely in culture medium contents. Serum may By comparing the shared and distinct features of AHR signal
absent or present at concentrations of up to 20%, and ntegnsduction in a variety of taxa, we can also better approach
come from a variety of animals and different developmentgliestions of AHR function and evolution.
stages. Based on our results, such variations in media compo-
sition will affect cellular uptake of HAH and thus measured ACKNOWLEDGMENTS o
CYP1A induction potencies. Differences in potencies thus g
>

might incorrectly be attributed to mechanistic differences in e _Wiihfm _th""_”Ethlf-d'_-- E. Hightowzréor\;\*l‘edp';*c'ln ‘;e”s' E_”fabeth_ 2
: . ujawinski Tor insigntrul discussions, an r. Waae Powell for assistance in @
CYP1A induction among the cell types and lead to fals|Ié1proving this manuscript. This work was supported by the Environmental &

conclusions about relative sensitivities of the cells to the HAHrotection Agency through project R823889 (JJS and MEH) and the National§
in question. Science Foundation through a graduate fellowship (EVH). This report is alsog_

One solution to this potential problem is to treat differerthe result of research sponsored by the NOAA National Sea Grant Colleges
cells in a single medium. Serum-free medium s the beEE R O e e . Govemment s authorzed 163
Car!dldate’ as Vana_tlons In composition among the chemica duce and distribute reprints for governmental purposes notwithstanding any*
defined basal media (e-g-! MEM, DMEM, RPMI-1640, FlZSOpyright notation that may appear hereon. This is contribution number 9964,
should have a negligible effect on bioavailability. Using S the Woods Hole Oceanographic Institution.
rum-free medium also allows the greatest sensitivity in re-
sponse to inducing compounds. The ability of each cell type to REFERENCES
respond to HAH in serum-free medium should be determined,
because serum withdrawal greatly reduces AHR content Aﬁkﬁ:'}?annvp?_-HEc-,landdF;r}t,GKz- $19'§C8)S. fThe adagtation clatf the peqnanen\;;is

: - cell lines -1 an -2 to -free media results in similar gro
.SWISS.STS. cells (Vaziret al., 1996) and can abrogate CYP1A rates compared to FCS-containing conditiodsr. Environ. Res46, 362—
|nduct|9n in PLHC-1 cells after.48 h (Hestermamt al., 367.
unpublished data). As noted previously, the presence of serWi, 4 s F.. collins, B. M., Robinson, M. K., Guillette, L. J., Jr., and
also affects the levels of cytochromes P450 in some culturecLachlan, J. A. (1996). Differential interaction of natural and synthetic
cells (Doostdaet al., 1991; Doostdagt al., 1988; Hammond estrogens with extracellular binding proteins in a yeast estrogen screen
and Fry, 1992; Turner and Pitot, 1989). Steroids61, 642-646.

PLHC-1 cells have recenﬂy been adapted to |Ong_term Clﬁr_uschweiler, B. J., Wurgler, F. E., and Fent, K. (1996). An ELISA assay for
ture in media with serum replacements (Ultra-Culture, (S:)étgchrome P4501A in fish liver cell&€nviron. Toxicol. Cheml5, 592—
C.P.SR-]" an.d Turbquma, ACkerma.nn and Fe.nt’ 1998).’ Pr lemons, J. H., Lee, L. E. J., Myers, C. R., Dixon, D. G., and Bols, N. C.
Vldlng promise for their future use in a Chemlca”y define (1996). Cytochrome P4501A1 induction by polychlorinated biphenyls
medium. Such media should reduce the problems with lot-to{pcBs) in liver cell lines from rat and trout and the derivation of toxic
lot variability that can be encountered with serum; however,equivalency factors (TEFsfan. J. Fish. Aquat. Scb3, 1177-1185.
the serum replacements used still have a high protein andorfd, K. M., and Greenlee, W. F. (1990). Filtration assay for quantitation of
lipid content, which can be expected to reduce bioava"ab”ityg,3,7,8—tetrach|orqdibenzo—p—dioxin (TCDD) specific binding to whole cells
as serum does. In addition, the ability of cells grown in these" culture-Anal. Biochem184, 67-73.
media to respond to HAH exposure has not been determin8g0stdar. H., Burke, M. D., Melvin, W. T., and Grant, M. H. (1991). The

The effect of bi ilability is al f effects of dimethylsulphoxide and 5-aminolaevulinic acid on the activities of
e eifect of serum on bicavallability 1S also a concern for cytochrome P450-dependent mixed function oxidase and UDP-glucuronosyl

other assays involving uptake of hydrophobic compounds. Theransferase activities in human Hep G2 hepatoma deitzhem. Pharma-
reduction in specific TCDD binding in the presence of 10% col. 42, 1307-1313.

serum shown here is an example of such an assay. Semwstdar, H., Duthie, S. J., Burke, M. D., Melvin, W. T., and Grant, M. H.
composition also affects bioavailability of estrogenic com- (1988). The influence of culture medium composition on drug metabolising

pOUI’ldS (Arnoldat al. 1996: Nagedat al. 1997)_ This suggests enzyme activities of the human liver derived Hep G2 cell IREBS Lett.
that the effect of serum is a general one, and its magnitudé‘u’lS_lB'

hould be det ined for individual ds. C . Drenth, H. J., Bouwman, C. A., Seinen, W., and Van den Berg, M. (1998).
shou € aetermined for individual compounds. Ompa”son%ﬁects of some persistent halogenated environmental contaminants on

OT apparently ano_malous re§U|tS among assays perform_ed iBlomatase (CYP19) activity in the human choriocarcinoma cell line JEG-3.
different laboratories or cell lines should take this factor into Toxicol. Appl. Pharmacol148,50-55.

Implications of Reduced Uptake
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