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Abstract

Az a result of the involvement of an electrical transformer containing
polychlorinated biphenyls (PCBs)} and chlorinated benzenes in e fire in the Binghamton
‘State Office Building (BSOB), the strﬁcture was contaminated with soot ladened with
‘dioxin congeners and isomers, which inecluded 2,3,7,8-tetrachlorodibenzo-p-dioxin
(2,3,7,8 TCDD) and 2,3,T,B~tetrachlorodibenzofuran (2,3,7,8 TCDF). A panel of
experts, which was convened to examine decontaminstion procedures recommended the
develcopment of a short term asssy for these compounds, based on an in vitro model of
the in vivo chloracne response to dioxin exposure. This assay uses the dioxin-
induced keratinization of epithelial cell cultures as an endpoint. This endpoint is
evaluated by eye, uvsing intensity of the keratin specific stain, Rhodamine B, as &
marker. This report describes the evaluation of the potential utility of such an
assay as a raplid, semiguantitatlve screen for monitoring the BSOB decontamination
process.

Initial experiments using s 2,3,7,8 TCDD standard established that the
keratinization model could be duplicated in this lahoratory. A scoet sample from the
building for which levels of 2,3,7,8 TCDD and 2,3,7,8 TCDF had been determined by
mass spectrometry, was tested in this in vitro system. The resulting activity was of
the same order of magnitude as expected from the content of TCDD and TCDF as determined
in the mass spectrometry snalysis. Twelve extracts of socot from various fioors of
the buildiﬁg were tested for their activity in the assay. Activity of soot extracts
from the various floors ranged over three orders of magnitude with samples from the
lover floors generally having lower activity. h

These studies have slsc lead to the observation that after exposure to
2,3,7,8 TCDD, cells in the éssay undergo a change in merphology characterized by the
appearance of flat, apparently nonproliferating cells. This change in morphology,

when used as an endpoint, correlated well with the kerstinization endpoint and thus
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may form the basis of an alternative and possibly better in vitro asssy for dloxin
congeners and isomers.

A possible correlation between the keratinization sctivity and the PCB
content of these soot extracts was observed. Preliminary assays on a PCB mixture
(Aroclor 125k), which utilized the flat cell morphology as an endpoint, have indicated
that this correlation was probably not due to a direct effect of the PCBs on this assay.

The effect of a proposed decontamination agent, Triton X-100, was also
tested using this endpoint. A concentration of 0.1 pl/ml was toxic while lower levels
had no activity in this assay, nor did they affect the sensitivity of the assay to
2,3,7,8 TCDD.

The keratinization assay exhibited a decrease,with time, in the magnitude
of the response to the point that keratinization was characterized by the appearance
of colonies of keratinizing cells on a background of nonkeratinizing cells. These
cultures could be evaluated microscopically and there was no loss of sensitivity to
2.3,7,8 TCDD associated with the decline of the response magnitude. Efforts to

determine the cause of the decline, and to reverse it, are discussed.



The occurrence of polychlorinated dibenzo-p-dioxins (PCDD} and dibenzo~
furans (PCDF) in the environment poses a serious potential threat to human health.
These compounds are among the most toxic and teratogenic low molecular weight com-
pounds known (Poland EE.Ei:’ 1976). -

Chlorinated dibenzo-p-dioxins are formed from the condensation of two
orthochlorophenates under conditions of high alkalinity, pressure and temperature.

The combustion, chemical nature and combustion chamber residence time can also

lead to the production of PCDDs and PCDFs. This has been verified by the analysis
of flue gas emission and fly ash of some municipal incinerators in the Netherlands
(Hutzinger et al., 1981). This process has also been observed in laboratory models
(Langer et al., 1973). The pyrolysis of organohalogens such as chlorinated phenols
and PCBs lead to the formation of PCDDs and PCDFs. This observation was evidenced
under field conditions recently in New York State, On February S5, 1981, as a result
of fire, the Binghamton State Office Building (BSOB) was heavily contsminated with
soot; subsequent cleanup efforts were halted when chemical analysis indicated the
presence of high levels of 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD} and 2,3,7,8-
tetrachlorodibenzofuran (TCDF) as well as other possibly toxic congeners {(Smith et al.,
1981). This contamination was traced to the involvement by fire of an electrical
transformer which contained the dielectric fluid Pyranol, a mixture of PCBs composed
of Aroclor 1254 and chlorinated benzenes.

A number of human exposures to dioxin congeners and isomers have been
reported. An acne outbreak in Germany in 1954 was traced to trichlorophenol con-
taminated with TCDD and TCDF (Poland et al., 1976). Similar outbreaks of chloracne,
the most common manifestation of dioxin exposure in humans, were noted in 2,4 ,5-%
production plants in France, Germany and the United States in the 1950's and 1960's,
In 1971 the use of waste oil contaminated with TCDD for dust control in a riding arens
lead to the death of a large number of horses and other small animals, as well as some
cases of chloracne in children who played in the area (Kimbrough et al., 1977}. The
contamination of rice oil with dibenzofuran analogs lead to many cases of chloracne

in Japan {Bradlaw et al., 1979). The explosion of a chemical plant in Seveso, Italy
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in 1976 lead to exposure of the population to TCDD which was thought to be re-
sponsible for the occurrence of chloracne in humans and a number of livestock losses
(Hay, 1980; Pocchiari et al., 1979; Reggiani, 1978). The use of Agent Orange ( a
mixture of n-butyl esters of 2,4-D and 2,4%,5-T), a defolient, in Vietnam between
1962 and 1969 lead to the contamination of large areas by TCDD (Poland et al., 1976).

Recent work by Knutson and Poland has demonstrated that the hyperkeratini-
zetion response to TCDD exposure whieh occurs upon exposure to TCDD in vivo could be
reproduced in an in vitro model system {Knutson et al., 1980). The induction of’
kerstinization is thought to be responsible for the in vivo induction of chloracne.
They found that although TCDD 4id not produce an acute toxic response in various cell
types in culture (Knutson et al., 1980a), XB cells, a cloned epithelial line of mouse
teratoma cells (Rheinwald et al., 1975) when co-cultured at high density with irradiated
3T3 mouse fibrablast cells exhibited a keratinization response when exposed to TCDD.
Spontaneous keratinization occurs In these cells when they are seeded at low density
(Rheinwald et al., 1975). High density XB/3T3 cultures not treated with TCDD did not
show this response.
Other halogenated aromatic hydrocarbon congeners ineluding dibénzo-p—

dioxins, dibenzofurans, biphenyls and azo{xy)benzenes also induced keratinization
in the XB/3T3 system although to & lesser extent then 2,3,7,8 TCDD. Xeratinization
could also be induced by some non halogenated aromatic hydrocarbons such as benz(a}
anthracene and 5,6-benzoflavone (Knutson et al., 1980). Since 2,3,7,8 TCDD is the
most potent, but not the only inducer of this hyperkeratinization response, this
effect will be referred to here as "dioxin-like" activity. Unrelated toxins were
studied to determine if the keratinization responsé wa.s éﬁe to nonspecific cell
damage. The direct acting alkylating agents N-acetoxy-2-acetylaminofluorene snd
N-methyl-l'-nitrosoguanidine; inhibitors of nucleic acid synthesis, actincomycin D,
bleomyein and cordycepin; the spindle mierotubule inhibitor, cslchicine; kepone, a
chlorinated hydrocarbon producing a toxic syndrome distinct from that of TCDD; and

2,6-dichlorobenzo-nitrile, and acnegen considered to have a different mechanism
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" than TODD all failed to produce keratinization in the ¥B/3T3 culture system
(knutson et al,, 1980). Furthermore, a correlation has been demonstrated between

the degree of toxieilty of various TCDD isomers and congeners and the extent of

enzyme induction, receptor binding and hyperkeratinizatlon response (knutson et al.,
1980; Poland et al., 1977; Poland et al., 1976a; Kende et al., 197h4).

The ¥B/373 system is extremely sensitive, giving an induction of
keratinization with as little as 3.2 pg of TCPD {Knutson et al., 1980}, In addition,
this system is particularly relevant as a model since it deals with an induced
differentiation of the intact ¢ell using an endpoint (hyperkeratinization) known to
be relevant to human exposure {i.e., chloracne).

This report describes studies which have been carried out to determine the
feasibility of using the in vitro XB/3T3 keratinization model as a mass screen of
environmental samples for "dioxin-like" activity, i.e., the ability to induce a
hyperkerstinization response. Such an essay could be applied to the detection of
"dioxin-like" activity in extracts of samples collected at the Binghamton State
Office Building. The evaluation and verification of this assay system is being
done by the testing of 12 specific soot samples from various floors of the BSOB
building and comparing the results with those obtained from high resclution mass

spectroscopy of the same samples when ther become available.
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METHODS

Sample Preparation

A soxhlet extract of the soot sample in benzene (Smith et al., 1981)
at & volume of 0.5 - 2.0 ml was mixed with 100 pl of dimethylsulfoxide (DMSO) and
evaporated at room temperature for 24 hours in darkness to allow for solvent exchange
from benzene to DMSO with a final volume of 100 nl. A solvent exchange was also done
with the positive controls (2,3,7,8 TCDD in DMSO) and solvent controls (DMSQ). The
extract, now in DMSO, was diluted 1:1000 in tissue culture medium {Dulbecco's modi-
fied FEagles medium supplemented with 20% fetal calf serum) and four more 10-fold
dilutions were made in this medium for application to the cell cultures. This di-

lution series was freshly made for each of the twice weekly refeedings.

Cells

The XB-2 cell line and the 3T3 feeder cells were obtained from H. Green
(M.I.7.)(Rheinwald et al., 1975}, The cultures were grown in Dulbecco's modified
Eagles medium with 100 U/ml penicillin and 100 pg/ml streptomycin. The XB line was
cultured in medium conditioned by a 24 hour exposure to confluent 373 cells (25 ml/
75 cm?). The medium was supplemented with 20% fetal calf serum for the XB cells and
10% for the 3T3 cells. No contamination with mycoplasme was detected by the Hoechst

fluorescence staining method {Chen, 1974},

Keratinization screen assay for "dioxin-like" activity

Initial screening was done essentially as described by Knutson and Poland
(Knutson et 2l., 1980) for the 1n vitro keratinlzation model. Target cells were the
XB epithelisl c¢lone derived from mouse teratoma cells by Rheinwald and Green (Rheinwald
et al., 1975). When these cells are plated at low cell density (250 cells per 60 mm
dish) along with lethally irradiated 373 cells (3 X 105 cells per 60 mm dish), the XB
cells form epithelial colonies which stain red with Rhodanile flue. Rheodanile blue
stains most mammalian tissue blue but keratinized tissues are stained red (MacConaill

et al., 1964}, When ¥B cells are plated at high density (10% cells/dish) in the pre-
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sence of irradiated 373 cells (3 X 10° cells per dish), the XB cells replicate but
keratinization is not seen and therefore the red staining component of Rhodanile blue
{Rhodamine B) is absent. Addition of TCDD to cultures of XB cells at high cell density
vhich sre refactory to spbntaneous keratinization, produces a dose-related keratini-
zation with the associated red staining with Rhodanile Blue. TCDD was shown to pro-
duce maximal red staining at concentrations of 5 X 107! to 1077M{ 1 X 10~1lM TCDD
produces an intermediate response while cultures treated with 5 X 10-12M TCDY and
untreated control cultures do not keratinize. This response reaches a maximum by
day 10-13. When XB/3T3 cells were plated in 16 mm wells conteining 1 ml of mediunm,
as little as 3.2 pg of TCDD produced observable keratinization (Knutson et al., 1980).

Confluent cultures of 373 cells were lethally irradiated with L4000 rads
by a cesium source and both the irradiated 3T3 and XB cells were seeded together
in Costar Multiwell dishes (15 mm) at 5 X 10% XB cells and 5 X 10% irradiated 3T3
cells per ml per well. These dishes were incubated at 37°C in a humidified atmosphere
of 5% COz in air. The medium was replaced twice weekly.

The dilution series of the sample was added to the assay cultures 24 hr
post seeding and with each medium change. Appropriate solvent controls were run as
well as 2,3,7,8 TCDD reference samples.

After 12 days, the cultures were rinsed with phosplate buffered saline
(PBS) fixed for 30 min. in 10% formalin-PBS end stained with 1% Rhodanile blue or
1% Rhodamine B (Knutson et al., 1980}. The cultures were then observed for the oc~
currence of red staining material indicative of the keratinization response, The
highest dilution of sample capable of inducing keratinization greater than back-

_ground levels was taken as the endpoint. The endp&int of-the 2,3,7,8 TCDD standard
was compared to the endpoints derived from the extracts in order to determine the
TCDD equivalency of the sample.

The range of activity of a sample was calculated frﬁm the endpoint as

follows: It has been shown (Knutson et al., 1980} that 10711y TCDD produces only a

moderate keratinization response, (compared to that produced by 10-1M and higher).
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Furthermore, one half this amount, i,e. 5 X 10"12M TCDD produces no response at all,
Therefore, in all cases production of such a modeérate endpoint was taken to indicate
the presence of bhetween 5 X 10-12 ang 1 ¥ 10-11m TCDD equivalent. The assumption
was made that one fifth the amount of sample which gave the moderate response would
give a negative response. Thus the amount of sample which contains between 5 X 10-12
end 1 X 10~11M dioxin-like activity was taken to be between 20% and 100% of the actual

amount of sample which gave the moderate response.

Safety Considerations

It is recognized that the safe handling, contaimment, and disposal of
the substances to be used in this study are essential. Some of the precautions
include prohibition of mouth pipetting, subtraction weighting, use of glove box
storage cabinets vented with HEPA and charcoal filters, restriction of traffic in
hazard area, no food, smoking or drinking in haszard erea, accurate record keeping of
hazardous materials from receipt to disposal, wuse of filter vented biochazard
hocds (BioGard Type II B} for medium changes and use of commercial hazardous waste

disposal facilities.



RESULTS

Assay of BSOB Extracts

Preliminary studies were performed to attempt to duplicate the in vitro
keratinization model in tﬁis laboratory. XB/3T3 cultures were exposed to 10-9M
TCDD in DMSO or to DMSO alone at 0.01% final concentration to correspond to the
level In the TCDD solution. After 12 days of incubation, with refeeding every
3 to b days, these cultures were fixed and stained. Cultures exposed to 10~9M TCDD
showed a marked increase in keratin deposition, as shown by intense Rhodamine B
steining, as compared to the DMSO negative control (Fig. 1).

A 10-fold dilution series of suthentic 2,3,7,8 TCDD from 10~ to 10712y
was tested., The minimal concentration capable of inducing a keratinization response
greater than background levels was found to be 10-11y (Fig. 2b). This is equivalent
to 3.2pg/ml and is in general agreement with published results for this compound
(knutson et al., 1980}. A BSOB soot extract which had been analyzed by mass
spectroscopy for TCDD and TCDF (Smith et al., 1981a) was also tested in this experi-
ment for its ability to induce a hyperkeratinization response. A dilution series of
this extract was applied to the XB/3T3 cell cultures as described in methods. Figure
2a shows that the DMBSO solvent control dilution series induced no keratinization. The
highest concentration of the DMSO soot extract {1 pl/ml, equivalent to 820 pg
soot/ml) camsed cytotoxicity. The lowest concentration of extract which induced
keratinization was 10™3 pl/ml, which is equivalent to 0.82 wg of soot (Fig. 2cl.

From this result the concentration of dioxin-like sctivity in the extract was caleu-
lated {as described in Methods) to be in the range of 2~20 ppm. Analysis of this
sample by mass spectrometry (Smith et al., 19811p) indicaﬁéd the presence of 1.2 ppm
2,3,7,8 TCDD and 48 ppm 2,3,7,8 TCDF, -The latter is 20-fold less potent then
2,3,7,8 TCDD (Knutson et 2l., 1980); therefore, 48 ppm of this compound is equivalent
in keratinization activity to 2.4 ppm of 2,3,7,8 TCDD. Thus, the total keratinization
activity, based on the mass spectrometry data for these two compounds, should be

that of 3.6 ppm 2,3,7,8 TCDD. This is within the concentration limits actually ob-

tained In the keratinization assay.
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In order to further test the ability of the anssay to predict the results

of mase spectrometric analysis, benzene extracts of 12 soot samples from different floors
of the BSOB were tested for their ability to induce keratinization. Cells were
seeded and exposed to dilutions of the extracts in culture medium. The cultures
were refed every 3-lI deys with fresh.dilutions of the extract. After 21 days,
the cultures were\fixed and stained with Rhodemine B. It became obvious, however,
that & decrease in the magnitude of the hyperkerstinization effect in response to
TCID exposure had occurred, apparently with time, such that induced keratinizatiop
¢ould be seen clesrly only under microscopic observation. Colonies of keratinizing
cells, similar t; those described by Rheinwald and Green (1975) could be seen on 2
background of non-keratinizing cells. (Attempts to determine the reason for this
decresse and to regein the earlier level of responsiveness seen in Figure 1 will
be described later.) This decrease in magnitude of the keratinlzation response
did not however, decrease the sensitivity of the assay as seen in studies with
authentic TCDD. Accordingly, blind microscopic evaluation was carried out on each of
three replicates for each sample by two observers for the oceurrence of keratinizing
colonies. The results, shown in Teble 1, are an average of 6 vslues per sample
and showed good reproducibility with variation rarely being greater than one dilution
for any of the replicates of any single sample. The solvent controls and hlanks
showed no false positive response. Caleulations for dioxin-like activity were m#de
a8 deseribed in Methods. The results show a variation of about 3 orders of magnitude
in the Pdioxin~-like" activity of the various samples. There appears to be something
of a trend in that the samples from the lower floors seem in general to have less
activity than those from the higher flcoors. The results of this study will be
compared to the mass spectrometric analysis of these samples when this becomes available.
The average keratinization results in terms of dioxin-like activity in
ppon were plotted sgainst the available PCB analysis data for these samples generated
by gas chromstography (Pesuse, 1981). Figure 3 shows a double log plot of these two

sets of data. There appears to be & possible correlaticn between the PCB content
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and the keratinization inducing activity of these scot extracts. Possible reasons

for this correlation are examined in the discussion section.

Attempts Made to Reverse the Decrease in the Magnitude of the Hyperkeratinizastion
Effect :

A personal communication from Dr. A. Poland confirmed that a decline in
magnitude was also experienced in his lahoratory and was alleviated by the use of
reconstituted frozen stocks of early passage ¥B cells. However, such a strategy
in this laboratory failed to increase the magnitude of the keratinization endpoint.
It has also been shown that the ratio of XB cells to the irradiated 3T3 feeder cells
cen affect the magnitude of the response (Rheinwald et al., 1975). Experiments
done to optimize this ratio also failed to restore the response to the early levels,
as did changing the irradiation time of the feeder cells, changing the refeeding
schedule, using culture vessels of different manufacture and lot numbers, changlng
incubators, altering the pH of the cultures, using stain from various sources or
using medium conditioned by unirradiated 3T3 cells rather than co-cultivetion of
B cells with irradiated 3T3 cells. Current attemplts to increase the magnitude
of the kerstinization response will be addressed in the discussion section.

Morphological Alteration - A Possible Alternative Endpoint

The appearance of an altered cell morpholegy was observed with those
cells which had been exposed to TCDD as well as the various soot extracts in the
experiment described in table 1, This change was first seen after 7 days of ex-
posure to the samples and was characterized by a flat cell morphology as compared
to the more fibroblastoid cells in the unexposed cultures ér those exposed to less
than 10~11M TCDD (Figure 4%)}. An apparent cessation in ceil growth was also seen
in these flat cells, while the unexposed cells continued to proliferate, resulting
in more dense cultures. The minimal concentration of each sample capable of indueing
the flat cell response was recorded on the 13th day of exposure of the cultures to
the extracts. Replicate dilution series were evaluated by phase microscopy of the
living cells by two observers generating 10 values for each sample. The agreement

between replicates was excellent with variation rarely heing greater than one dilution
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for any one sample., One half of the replicates were fixed and stained for a record,
while the remaining cultures were later evaluated for the previously described
keratinization (table 1),

The high correlation between the induction of the keratinization response
end that of the flat cell morphology {Figure 5) indicates that it may by possible to
use this flat cell morphological change as an alternative and pérhaps improved end-
point in the assay for dioxin~like activity. Preliminary experiments suggest that
the induction of the flat cell appearence by TCDD is not dependent upon the irradisted
373 feeder layer, thus simplifying any proposed assay procedure using this endpoint.
The induced flat cell morphology has been found to be apparent after only 6-7 days
of exposure to authentic 2,3,7,8 TCDD, thereby allowing the assay to be run without
the necessary refeeding needed in the keratinization assay.

Effects of Triton X 100 on the Assay

Triton X100 (TX) has been proposed for use in the decontamination of the
B30B. Since TX is soluble in benzene which is currently used in the soxhlet ex-
traction of the samples and could therefore he encountered in samples to be assayed,
a preliminary experiment was carried out to deterimine whether TX has any effect on
the assay. A concentration range of TX from 1071 - 10‘3ul/ml was tested with the
standard concentration series of the TCDD standard (.’LO"‘8 - 10-12M), Tt was found
that TX at 107! yl/ml is cytotoxic while levels of 10=2 and 10”3 yl/ml are not. No
synergigtic or antagonistie effect of TX in regerd to the TCDD induced flat cell
endpoint was observed. There was also no induction of a false positive result by
TX alone at any concentration tested, Experiments to deﬁFrmine the effect of TX

on the keratinization endpoint are in progress.
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DISCUSSTION:

The fire at the Binghamton State Office Building and involvement of an
electrical transformer containing a mixture of PCBs {Araclor 1254} and chlorinated
benzenes lead to subsequent contamination of the structure with dioxin and dibenzo-
furan laden soot. A need was established for a rapid seﬁiquantitative assay for
"dioxin-like" activity. This would allow prioritization of samples for high
resolution quantitative and qualitative anaiysis in order to monitor the progress.
of decontamination, This preliminary report has dealt with the evaluation and
verification of such an assay which is based on an in vitro model of the in vivo
keratinization response to dioxin exposure.

Preliminary studies demonstrated thet the published in vitro model was
reproducible in this laboratory and that this model was sensitive to levels of
dioxin (2,3,7,8~TCDD) which corresponds to that in the literature (Xnutson et al,
1630) (approximately 10-11M). Assay results of a single soot extract for which
mass spectrometry dats were available indicated a good correlation between these
dete and the data resulting from the kerastinization model. This initial verifica-—
tion lead to the application of this assay to 12 soot extracts for comparison with
results of mass spectrometry of the same samples as they become available.

Bowever, the decrease in the magnitude of the TCDD induced keratinization
effect may reduce the usefulness of this particular endpoint in spite of the
readily apparent, microscopically observable, induction of keratinizing coloniés.
Attempts are currently being made to reclone the XB cell line for the desired
charactepistics of hyperkeratinization upon TCDD exﬁosure." Successful monitoring
of the cell line, cell storage and reclqning would insure a stable cell population
upen which the keratinization assay could be based. Cloning is being done by
identification and isolation of spontaneously keratinizing colonies of XB cells

in sparse culture, as well as keratinizing colonies of XB cells induced by TCDD
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exposure in dense cultures. DNew XB and 373 feeder cell starter cultures will be
obtained, since the reconstitution and use of our early passage frozen stocks has
failed to increase the magnitude of the kerstinizatlon response to that seen in
the initisl asgsays.

The subjective reading of the endpoint by visual estimation of the minimal
concentration of extraci capable of keratin induction based on the intensity of
Rhodamine B staining or identification of keratinizing cell colonies limits the
degree of quantitation possible. Therefore, several other methods of achieving
better quantitation of the induced keratin production are being conslidered and
evaluated. One involves extraction of the Rhodamine B stain from the cells and
guantitation by fluorcmetric measurement. Another involves g quantitative radio-
inmunoassay method for mammelian epidermal keratin protein which has recently been
published (Yuspa et al, 1980). Another possible method for detection of increased
Xeratin production to be explored is based upon the observation (Steinert et al,
1978) that in keratinizing cells, keratin represents 20% of the total urea extract-
able cellular protein. Thus, keratin may represent the predominent protein being
synthesized., Furthermore, keratin has been shown te be relatively rich in histidine,
methionine and cysteine (Belanger, 19563 Clark, 1968; Hambrick, 1966). Thus, it
may be poszible to quantitate keratin production by measurement of incorporation
of these (radiolasbeled) amino acids into cellular protein.

The verification of the flat cell morphological change as an indicator of
"dioxin-like" activity would allow a second and perhaps improved biological endpoint
to be used in a routine screen assay in addition to or in place of the kerstinization
assay, The éndpoint is apparent after only 6-7 dsys and can be readily assessed
by microscopic observation of living cultures. Another advantage of the short
development time of this endpoint is the lack of the necessity to refeed the cultures,
thus reducing both the sample requirement and handling of the cultures. The homo-

geneity of these cells may allow use of smaller culture vessels, reducing even further
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the amount of sample needed. Tn addition recent experiments have suggested
thet the irradiated 373 cell feeder layer may not be needed for the development
of this endpoint.

Further studies will be car?ied out to establish whether the induction
of the flat cell morphology is a valid endpoint for the detection of dioxin-like
activity. These will include a double blind study to test the ablility of the
endpoint to quantitate various concentrations of authentic 2,3,7,8-TCDD and a test
of the relative asctivities of other halogensted polycyclic compounds, e&.g. TCDF,
biphenylene, PCB, azo{xy)benzenes, as well as nonhalogenated aromatic hydrocarbons.
Compounds that inhibit cell proliferation by acting on macromolecular synthesis
will also be tested to determine if the flat cell response in these cells is simply
due to the coincldental inhibition of cell growth. Attempts to establish cloned
cell lines exhibiting the flat cell characteristic to insure homogeneity ere
currently underweay.

The possible correlation which we have obgerved between the in vitro
assay results and the PCB content of the soot samples (Figure 3) lead to concern
that the PCBes were responsible for the induction of keratinization. In fact, it
has been reported that 2,3,h.,2',3',4' polybrominated biphenyl can induce kera-
tinization in the XB/373 system at a concentration 2,000 fold higher than 2,3,7,8-
TCDD (Knutson et al, J980). To examine this possibility, Araclor 125L, the PCB
mixture present in the transformer coolant and thus the presumed source of PCBs in

the scot samples, was tested for the induction of the flat cell morphology. The

lowest concentration of Araclor 1254 for which the flat cell induction was ohserved
was 10 pg/ml. 'The highest concentration of PCBs found in sny of the soot samples

tested was 23,000 pg/em (Pause, 1981). The lowest amount of this sample which
gave an endpoint was 1.5 ug of scot per ml which contains 0.035 ug of PCBs per ml.

Based upon the results with Araclor 1254, this is insufficient to induce the flat
cell response. Thus, the observed induction of the flat cell meorphology by

the soot extracts is unlikely to have been caused by the PCBs contained in the
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samples. Experiments are in progress to determine if similar results are obtained
for PCB induced kerstinization.

Another explanation for the correspondence hetween the PCB data and the
in vitro assay results may be a synergistic or additive interaction between PCBs
and low levels of TCDD or some other subgtance in the soot samples. Studies
designed to detect such interaction between Araclor 125hk and 2,3,7,8-TCDD are
being carried out and studies using PCBs to spike actual socot extracts are planned,
The correspondence could also bhe the result of a similar deposition pattern of the
PCBs and the dioxin congeners and isomers in the building.

Triton X-100, the-proposed decontamination agent for the B30B, was found
to be toxic to the in vitro system at 0.10 ul/ml but not at 0.01 pl/ml. TX is
soluble in benzene, and a relatively low, non toxiec, concentration in a sample
could be concentrated by a benzene extractlon procedure to toxic levels and
preclude use of the in vitro assay. This possibility should be congidered in the
development of decontamination and sample collection procedures. The lack.of
effect of TX on the induction of the flat cell response does however, decrease
the concern of a false positive result from low levels of this compound.

In summaryy, the in vitro keratinization model developed by Knutson and
Poland {Knutson et al, 1980) has been examined for use as a screen assay for
the detection of "dioxin-like" activity in extracts of BSOB soot samples. After
initial verification with authentic TCDD, a preliminary assay was done on the
one sample for which TCDD and TCDF data from mess spectrometry were available.

The results of this in vitro assay compared well with the quantitative analysis
data. Based on this result, & screen for keratinization induction was carried
out on 12 extracts of soot from various filgors in the BSOB. These results will
be compared to the mass spectrometry data on the same samples, thus allowing a more

rigorous validation. A high correlation would indicate that this model may be
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used as a semiquantitative mass screen assay for "dioxin-like" activity.

The decresase in the magnitude of the keratinization response which we
have obgserved with time gilves reason for ¢oncern, as the cause for this decline
has not been determined. The problem may be solved by the acquisition of new
starter cultures, or stabilized for a time by recloning the line for the desired
characteristics and/or using reconstituted frozen stocks of those cultures which
currently exhibit TCDD induced keratinizing colonies. Alternatively, the TCDD-
induced change in morphology {which is characterized by the appearance of flat,
non vproliferating cells) which seems to correlate very well with the keratinization
endpoint may have the potential for use as an additionsl or alternative {and

possibly better) endpoint for use in mags screening for "dioxin-like" activity.
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Table T

Keratinization Assay of BSOB Soot Samples

Towest active concentration

Floor number of extract (ug soot equivalent/ms)2 TCDD equivalent (ppm)®
1 11k .2 6.01 - 0,10
3 1.3 1.2 - 12
b 1h,0 0.11 «~ 1,2
6 15.9 0.10 - 1.0
7 0.3 5.3 - 53
8 1.0 1.6 ~ 16
9 1.5 1.1 - 11

10 0.5 3.2 - 32
12 0.7 2.3 -123
1k 12,9 0.12 - 1.2
15 0.4 h,o - 4o
17 0.4 4.0 - 4o

a) Activity was determined by the appearance of keratinizing colonies. This
result is the average of wvalues from 3 replicates evaluated by two observers.

b) Calculated as described in Methods,



Figure legends

Figure 1 Effect of 2,3,7,8 TCDD on XB/3T3 Cell Cultures

Cultures were sceded and cultivated as descrihed in methods. Figure la is repre-
sentative of an XB/3T3 eulture exposed to 107° M 2,3,7,8 TCDD in the presence of
0.01% IMSO. Figure 1b is representative of a replicate culture exposed to 0.01%
DMSC alone. The bright red rbodamine B stain, indicative of keratin deposition,
shows as dark grey 1n these photos.

Figure 2 Keratinizstion sssay of s BSOB soot extract

Figure 2a shows the negative regponse of the DMEO control. Figure 2b shows the
effect of 2,3,7,8 TCDD on this system with kerstinization first evident with 10711M,
Figure 2¢ shows the toxic effect of a BSOB soot extract at the highest concentration
(1 wl/ml) end the induction of keratinization et lower concentrations, with the
effect first detected at the fourth highest dilution (1073 pl/ml), equivalent to
0.82 pg soot/ml.

Figure 3

log-log plot of the smount of PCBs detected in BSOB soot extracts from various floors
by gas chromastography (ebscissa) and the calculated values of "dioxin-like" activity
generated by the keratinization assay of the same samples (ordinate). The values
for "dioxin-like" activity were derived by dividing the amount of soot per ml in the
lovest s00t extraet concentration capable of inducing keratinization into 3.2 pg/ml
vwhich is the lowest concentretion of 2,3,7,8 TCDD found to induce keratinization.

Figure b TCDD induced flat cell morphology

Figure 4a: XB/3T3 culture after 12 days of incubation with 0.1% DMSO, showing high

dengity and fibroblast-like organization. Pigure tb: a similar culture exposed to
10™°M TCDD in 0.1% DMSO, showing flat morphology and relative low density. Phase,

LOOX megnififcation.

Figure 5

Log-log plot of caleulated values of "dioxin-like" activity of BSOB soot extracts
from various floors genersted by the keratinization assay (ordinate)} and by the
induction of the flet cell response (abscissa) calculated as in Figure 3.
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