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24 Hour/Refeed Clonal Syrian Hamster Embryo (SHE) Cell Transformation Assay
Testing the In Vitro Transformation Potential of Phenolphthalein

A 24 hout/refeed SHE cell transformation assay was performed to test the morphological tranformation
potential of phenophthalein (R0443.01). The assay was performed according to the methodology
outlined in the attached protocol. In the 24 hour/refeed SHE assay, phenophthalein gave significant
(p<0.05) morphological transformation results, relative to the solvent control, at three concentrations
(20, 22.5, 25 ug/ml), with approximately 70% cytotoxicity achieved at the top dose (25 ug/ml). The
trend test result for this assay was also positive. According to our established criteria which states that
either two positive doses or one positive dose and a positive trend test constitutes a positive SHE cell
transformation assay result, phenophthalein is positive in the 24 hour/refeed SHE cell transformation

assay.
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24 Hour/Refeed Clonal Syrian Hamster Embryo (SHE) Cell Transformation Assay
Testing the In Vitro Transformation Potential of Cobalt Sulfate Hydrate

A 24 hour/refeed SHE cell transformation assay was performed to test the morphological tranformation
potential of cobalt sulfate hydrate (R0427.01). The assay was performed according to the methodology
outlined in the attached protocol. In the 24 hour/refeed SHE assay, cobalt sulfate hydrate gave
significant (p<0.05) morphological transformation results, relative to the solvent control, at five
concentrations (125, 250, 375, 500, 1000 ug/ml), with 60% cytotoxicity achieved at the top dose (1000
ug/ml). The trend test result for this assay was also positive. According to our established criteria
which states that either two positive doses or one positive dose and a positive trend test constitutes a
positive SHE cell transformation assay result, cobalt sulfate hydrate is positive in the 24 hour/refeed
SHE cell transformation assay.
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24 Hour/Refeed Clonal Syrian Hamster Embryo (SHE) Cell Transformation Assay
Testing the in Vitro Transformation Potential of Molybdenum Trioxide

A 24 hour/refeed SHE cell transformation assay was performed to test the morphological tranformation
potential of molybdenum trioxide (R0440.01). The assay was performed according to the methodology
outlined in the attached protocol. In the 24 hour/refeed SHE assay, molybdenum trioxide gave
significant (p<0.05) morphological transformation resuits, relative to the solvent control, at four
concentrations (75, 100, 125, 200 ug/ml), with approximately 70% cytotoxicity achieved &t the top
dose (200 ug/ml). The trend test result for this assay was also positive. According to our established
criteria which states that either two positive doses or one positive dose and a positive trend test
constitutes a positive SHE cell transformation assay result, molybdenum trioxide is positive in the 24

hour/refeed SHE cell transformation assay.
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7 Day Continuous Exposure Clonal Syrian Hamster Embryoe (SHE) Cell
Transformation Assay Testing the In Vitro Transformation Potential of Vanadium
Pentoxide

A 7 day continuous exposure SHE cell transformation assay was performed to test the morphological
tranformation potential of vanadium pentoxide (R0450.01). The assay was performed according to the
methodology outlined in the attached protocol. In the 7 day SHE assay, vanadium pentoxide gave
significant (p<0.05) morphological transformation results, relative to the solvent control, at five
concentrations (0.125, 0.375, 0.625, 0.750, 0.875 ug/ml), with approximately 40% cytotoxicity
achieved at the top dose (0.875 ug/ml). The trend test result for this assay was also positive.

According to our established criteria which states that either two positive doses or one positive dose
and a positive trend test constitutes a positive SHE cell transformation assay result, vanadium pentoxide
is positive in the 7 day continuous exposure SHE cell transforraiicn assay.
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24 Hour/Refeed Clonal Syrian Hamster Embryoe (SHE) Cell Transformation Assay
Testing ¢he In Vitro Transformation Potentisl of 1-chioro-2-propanol + 2-chloro-1-
propanol (75:25 mix)

A 24 hour/refeed SHE cell transformation assay was performed to test the morphological tranformation
potential of 1-chloro-2-propanol + 2-chloro-1-propanc! 75:25 mix (R0424.01). The assay was
performed according to the methodology outlined in the attached protocol. In the 24 hour/refeed SHE
assay, 1-chloro-2-propanol + 2-chloro-1-propanol 75:25 mix gave significant (p<0.05) morphological
transformation results, relative to the negative control, at three concentrations (3000,4000,5000 ug/ml),
with 23% cytotoxicity achieved at the top dose (5000 ug/ml). The trend test resuit for this assay was
also positive. According to our established criteria, two positive doses and a positive trend test
constitutes a positive SHE cell transformation assay result, thereby indicating that 1-chloro-2-propanci
+ 2-chloro-1-propanol 75:25 mix is positive in the 24 hour/refeed SHE cell transformation assay.
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'MT = Combined total no. of morphologically transformed colonies

?MT Freq = MT x 100
Total colonies scored

3Average PE = Average PE of combined trials

“Standard Error (SE) = _Standard deviation of combined average PE
Vcombined total no. of dishes counted

SRelative PE = Average PE x 100
Average PE of solvent control

SMT P value = Probability of statistically significant treatment related effects using Fishers’
Exact Test compared to control groups. :

TStatistically significant treatment related difference between the morphological transformation
frequency (MTF) of the solvent control group compared to the MTF of the treatment group
at P<0.05 using a 1-tailed Fishers Exact Test.

®CA = Cell Adjustment of dose equalized to controls:

TR = Unstratified binomial exact permutation trend test for significant positive dose response
trend where a P value of 0.05 or less is considered statistically significant.



A Comprehensive Protocol for Conducting the Syrian Hamster Embryo Cell Transformation Assay at pH
6.70.

(Protocol for SHE Cell Transformation at pH 6.70)
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Summary

Studies from our laboratory have demonstrated several advantages of conducting the Syrian
hamster embryo (SHE) cell transformation assay at pH 6.70 compared to that done historically at higher
pHs (7.10-7.35). These include reduction of the influence of SHE cell isolates and fetal bovine serum lot
variability on the assay, an increase in the frequency of chemically-induced morphological transformation
(MT) compared to controls, and an increased ease in scoring the MT phenotype. The purpose of this
paper is to report a comprehensive protocol for conduct of the pH 6.70 SHE transformation assay
including experimental procedures, a description of criteria for an acceptable assay and statistical
procedures for establishing treatment-related effects. We have also identified several assay parameters
in addition to pH which can affect transformation frequencies, particularly the critical role colony number
per plate can have on transformation frequency. Control of this parameter, for which details are
provided, can greatly increase the reproducibility and predictive value of the assay.



INTRODUCTION

Since 1965, early passage Syrian hamster embryo (SHE) cells have been used extensively in a clonal
cell transformation assay o assess the carcinogenic potential of a wide variety of chemicals and to study
mechanisms of chemical carcincgenesis (discussed by Isfort et al., this volume: LeBoeuf et al., this
volume; LeBoeuf et al., 1989). A literature survey (Isfort et al., this volume) indicates that over 470
individual chemical or physical agents and 180 chemical/physical agent combinations have been
examined in the SHE assay for their ability to induce transformation. For 213 of the chemical/physical
agents tested individually, rodent carcinogenicity exist. For this data set, an 80% agreement between
the endpoints of transformation in SHE cells and carcinogenicity were observed, indicating the utility of
this system for assessing the carcinogenic potential of chemicals. The endpoint of morphological
transformation, which is most commonly used to assess a chemical's transforming” potential, has been
shown to represent an early, pre-neoplastic phenotype in this system (LeBoeuf et al., 1980; Watanabe et
al., 1991). Thus, this model has several attributes which makes it a potentially useful and biologically
relevant model for assessing the carcinogenic potential of chemicals.

A detailed protocol for the isolation of hamster embryo cells and the routine conduct of the SHE assay
for examining chemicals for their transforming potential was described by Pienta and coworkers (Pienta
et al.,, 1977). More recently, a survey of how this protocol is implemented in several laboratories
conducting the assay was published (Dunkel, et al., 1991). With the development of an extensive
experience base over the years, it has become apparent that while the assay can be conducted
reproducibly by experienced labs, several aspects of the SHE assay performed at the historical pH of
7.10-7.35 have made it difficult to use for routine screening. Among these difficulties are: 1) variability
in the sensitivity of different SHE cell isolates to morphological transformation, thus requiring the
screening of numerous cell isolates to find a useful one (Pienta, 1977; Dipaolo, 1980; inoue, 1880), 2)
variwilﬁyinfaalmmmmmmwwaSHEmmmmmm.m
requiring the screening of numerous serum lots (Pienta, 1977; Schuman, 1679; Tu, 1986), and 3) a



relatively low level of induction of morphological transformation by known carcinogens (Barrett and
Lamb, 1985; McGregor and Ashby, 1985; Pienta, et al., 1983; Tu, 1986; Jones, et al., 1988), requiring
the scoring of large numbers of colonies to achieve statistically significant treatment-related effects or
the use of non-statistical methods for determining treatment-related effects. Some laboratories have,
however, reported transformation frequencies in response to carcinogen treatment high encugh for the
application of statistical procedures (Sanner and Rivedal, 1985). Performing the assay in culture
medium at pH 6.70 has overcome many of these technical difficulties (LeBoeuf and Kerckaert, 1989)
while still maintaining and, in fact, improving the high predictive capacity of the assay (see LeBoeuf et
al., this volume). Culture medium of pH 6.70 permits the use of virtually all SHE cell isolates and greater
than 75% of fetal bovine serum lots for conducting the morphological transformation assay (LeBoeuf and
Kerckaert, 1987; LeBoeuf et al., 1989). Also, culture medium pH of 6.70 increases the transformation
response up to approximately 10 fold over that seen at pH 7.10-7.35 (LeBoeuf and Kerckaert, 1987:
LeBoeuf et al., 1989), permitting the use of rigorous statistical procedures such as the Fisher's Exact
Test for assessing a chemical's transformation potential (LeBoeuf et al., 1989).

During the course of our studies over the past several years, in addition to pH, we have identified other
culture/assay parameters which, when controlled for, can further increase the reproducibility and
reliability of this assay. The purpose of this report is to communicate in detail a comprehensive protocol
which incorporates our leamings for conducting the SHE cell morphological transformation assay at pH
6.70.

MATERIALS

All reagents are prepared in a class |l biohood to maintain sterility.



Cuiture medium

Dulbecco's Modified Eagle's Medium - LeBoeuf's modification (DMEM-L), obtained as a filter sterilized
liquid from Quality Biologicals Inc. (Gaithersburg, MD), is stored at 4° C (sheif life = 6 months). DMEM-L
is a modified formulation of DMEM containing low glucose (1000 mg/L), equimolar concentrations of
MgClo replacing MgSOy, a reduced conceritration of phenol red (5 versus 15 mg/L), and a reduced
concentration of NaHCOg (0.75 g/L. or 8.9 mM versus 3.75 g/l or 44.6 mM) (LeBoeut et al., 1989). Fetal
bovine serum (FBS- Hyclone Labs Inc., Logan, Utah), is stored at -70° C until opened, and then it is stored
at 49C. L-glutamine (200mM), obtained from Gibco Labs (Gaithersburg, MD), is stored frozen at -10° C
until use. To make complete culture medium (referred to as culture medium), 10 mi L-glutamine (200 mM)
is added to 480 mi of DMEM-L, resulting in 4mM L-glutamine in the medium. 125 mi FBS is then added to
the 500 ml DMEM-L + L-glutamine, resulting in culture medium containing 20% FBS. Bottles of complete
culture medium are labeled, dated, stored at 4° C, and used within 2 weeks. This culiure medium should
yield a pH of approximately 6.70%, when incubated at a CO4 concentration of 10% and a temperature of
372 C, in 90% humidified air. The pH of each new lot of culture medium is checked prior to its use. This
involves ovemight incubation of the culture medium under incubator conditions described above, followed
by pH determination immediately upon removal from incubation in a septum capped vial to prevent
degassing of the CO2. Occasionally the culture medium pH needs to be adjusted with NaHCOg. If
adjustment is required, the amount of NaHCO4 required for proper pH is determined by adding increasing
volumes of 7.5% NaHCO3 (Sigma) to a series of vials of culture medium, incubating them overnight at
10% CO2 and measuring pH.

Wash solution for the cell isolation

Wash solution is prepared by adding 10,000 units/mi penicillin-10,000 ug/mi streptomycin stock solution
to 500 mi calcium-magnesium-free Hank's Balanced Sak Solution (CMF-HBSS), both obtained as sterile
solutions from Gibco Labs Inc. and stored at 42 C. Bottles of wash solution are labeled, dated, stored at
4° C, and used within 30 days.



Dissociation solution for the SHE cell isolation

Trypsin (40X Enzar-T), obtained from Armour Pharmaceutical (Kankakee, IL.), is dispensed into 5 mi
aliquots, which are stored frozen at -10° C and thawed just before use. Pancreatin (4X-NFU), obtained
from Gibco Labs Inc., is stored frozen at -102 C and thawed just before use. On the day of isolation, to
282.75 ml CMF-HBSS add: 3.75 mi 40X Enzar-T trypsin (resulting in 1.25% v/v), 7.5 ml 4X-NFU
pancreatin (resulting in 2.5% v/v), and 6.0 mi of 10,000 units/mi Penicillin-10,000 ug/mi Streptomycin
stock resulting in 200 units/mi and 200 ug/m, respectively. The soiution pH is adjusted to neutral (red
color) with 7.5% NaCOg solution (Gibco), maintained at 42 C, and used immediately.

Culture medium for the isolation

One bottle of DMEM-L culture medium is prepared as described above and 10 mi of 10,000 units/mi
Penicillin-10,000 ug/ml Streptomycin stock is added to yield 200 units/mi penicillin and 20¢ ug/mi
streptomycin.

Cryopreservation medium
Dimethylsulfoxide (DMSO), Aldrich (Milwaukee, W), is added to culture medium to yield 7.5% (v/v)
DMSO. The solution is prepared the day of use.

SHE cell detachment solution

Trypsin (0.25% in HBSS), obtained from Gibco, is stored frozen at -102 C. NasEDTA is prepared as a
2% stock soiution, and stored at 42 C. To 385 mi of CMF-HBSS, 100 mi Trypsin solution (resulting in

0.05%) and 5 mi NagEDTA stock (resulting in 0.02%) are added. Aliquots of this solution are stored

frozen at -20° C and thawed just before use.

Giemsa stain solution
Giemsa stain stock is prepared by dissolving 1 gm powdered Giemsa (Sigma) in 66 mi glycerin (Baker)
pmsse'numamoumnndhomnwcmmm. A butfer solution containing 0.3 gm

-




NagHPO4 plus 0.7 gm NaHaPO4 in 100 mi H20 is prepared. Immediately prior to use, 20 mi of Giemsa
stock is added to 100 mi buffer plus 5 mi methanol. This solution is then filtered through a 0.2 um filter.

Other solutions and reagents

0.4% trypan blue stain (Gibco), sterile 7.5% NaHCOg3 (Gibco), isotonic buffered saline (Scientific
Products, McGaw, IL), absolute methanol (Baker, Phillipsburg, NJ), and benzo(a)pyrene (Aldrich) are
obtained.

METHODS

Hamster sacrifice/isolation of embryos

Pregnant (13 day gestation) Syrian golden hamsters (Charles River Labs, Wilmington Colony) are killed
by CO asphyxiation. Usually 3-4 animals are used to obtain 30-35 embryos for the cell isolation
procedure. The ventral surface of each animal is rinsed with copious amounts of aqueous 70% ethanol
and, using sterile instruments and technique, the abdominal skin is incised, retracted, and the peritoneal
cavity is opened. Both uterine horns are removed from each animal and placed in sterile 100 mm
culture dishes containing 50 m! wash solution. Dishes are placed on ice and transported to a class |I
biohood.

Dissociation of embryonic tissue

Using sterile instruments and technique, embryos are removed from the uteri and transferred to a second
sterile culture dish with wash solution on ice and aseptically decapitated, eviscerated, and delimbed.

The remaining embryo tissue is transferred to a sterile 100 mm culture dish on ice, and cut into small
(approximately 1-3 mm) pieces with opposing scaipel blades or curved scissors. The tissue is
transferred to a sterile trypsinization flask (Belico, Vineland, NJ) containing a magnetic stir ber, and

piacodonastirplate.whefeilisﬁmodvﬁm1Wmmmnammwmsm
eoremo;feasmnybloodcohapwblo. mumosmmehMMO%




pipetied-off and discarded. This rinse step is then repeated. To begin the actual isolation, 100 mi
dissociation solution is added to the flask whnch is gently stirred for 10 minutes. Meanwhile, 2 mi of FBS
is added to a series of 50 mi sterile plastic centrifuge tubes on ice (6-8 tubes). The tissue is allowed to
settle and the supernatant (dissociation solution plus cells) is carefully transferred by pipette into the
prepared centrifuge tubes to a volume of approximately 50 ml. Fresh dissociation solution (100 mi) is
added tc the tissue and again stirred for 10 minutes. The sokution plus the cells are collected as
described above. The dissociation step followed by the pipette transfer of celis to serum-containing
tubes is repeated 3-4 times. Tha resultant cell suspensions plus FBS are centrifuged at 1000 rpm for 10
minutes at 4° C and the supernatants are decanted and discarded. The celis are resuspended and
pooled in 20-50 mi culture medium containing antibiotics, on ice. The viable cells are counted with a
hemacytometer (by exclusion of trypan biue dye) and 2 X 107 viable cells in 30 mi culture medium plus
antibiotics are placed into a T150 culture flask. The flasks are incubated at 37° C and 10% COsin 90%
humidified air for 4 hours. The culture medium is removed and the flasks are refed with 30 mil fresh
culture medium and retumed to the incubator. After 24 hours, the cell growth is checked, and if the
flasks are not 60-80% confiuent, they are refed with fresh culture medium and allowed to grow for an
additional 24 hours. Otherwise, the cells are cryopreserved as described below. If the cultures have not
reached 60-80% confluence by 48 hours of incubation, they are discarded and the isolation is repeated.

Cryopreservation of SHE cells

When the cells are 60-80% confluent, the culture medium is removed from the flasks and the cells are
rinsed twice (1 minute each) with 10 mi CMF-HBSS. The celis are detached with 5 mi detachment
solution (detachment is observed with a phase contrast microscops). Five mi culture medium (minus
antibiotics) is immediately added to the flasks, and these cell suspensions are pooled in sterile
centrifuge tubes. The cells are collected by centrifugation as described above, and the supematant is
decanted and discarded, while the cells are held on ice. The cells are counted with a hemacytometer as
described above and diluted with culture medium containing 7.5% DMSO 0 2.5 X 106 cells/mi. One mi
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of the cell suspension is dispensed into cryostorage vials (Nunc), and the celis are frozen by placing
vials into a -70° C freezer for 24 hours, prior to transfer to and storage under liquid nitrogen.

Feeder cell preparation

Cryopreserved SHE cells are reconstituted by thawing a vial of frozen cells at 37° C and transferring
them into a T150 culture flask containing 30 mi of culture medium. The culture medium used in the SHE
assay does not contain antibiotics. The celis in the flask are incubated at 37¢ C and 10% CO for four
hours, refed with 30 mi of fresh culture mediurm and returned to the incubator. The cells are grown for 2-
4 days to achieve 50-90% confluency. The celis are then detached by rinsing twice (one minute each)
with CMF-HBSS, followed by 5 ml of detachment solution. Cell detachment is viewed with a phase
mlcroseope and, when detached, the cells are suspended in 30 mi of culture medium in a T150 flask on
ice. The cells are exposed to x-ray irradiation (~ 5000 rad) so that they are viable, yet are no longer
capable of replication. The cells are placed into a 50 nﬂcentliﬁ.lgetub.eandcentlimgedinarefﬁgerated
unit (10° C) to form a pellet. The supernatant is removed. The cell peliet is resuspended in 30 mi culture
medium, and viable cells are counted using the hemacytometer method. The cell concentration is
adiusedtozx104viablecaﬁslmlwithcukuremediumandzmlofthissuwensionisplaoed into 60
mm culture dishes (15 culture dishes/concentration of test chemical plus 15 dishes each for 0.2% solvent
and benzo(a)pyrene positive control groups). The cells are incubated for 24 hours. Five dishes
containing only feeder cells are included in each assay to verify the inability of the feeder cells to
replicate.

Target cell preparation

A frozen vial of SHE cells is reconstituted as described above for feeder cells, and seeded into a T25
flask containing 5 ml of culture medium. The celis are incubated for 24 hours, after which they are
detached as described above, suspended in § mi of culture medium and heid on ice. The cells are
counted as described above, andlhdreomuﬁaﬁmiaa@mdb%&bviﬁc«hlﬂinm
medium, Two mi of this cell suspension is added into each 60 mm culture dish containing x-imadiated
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feeder cells. The number of target cells seeded should be adjusted 0 achieve an average of 35
colonies/dish in all dishes, with an acceptable range of 25-45 colonies/dish. The procedure for
determining this target cell seeding density is described below. The celis are incubated for 24 hours prior
to dosing with test chemical.

Test chemical dosing

Before performing the SHE cell transformation assay, test chemical solubility in an appropriate solvent
must be established. The following solvents are tested in order of preference: culture medium,
dimethylisulfoxide, ethanol, and acetone. Other solvents may be required if these are not suitable. An
amount of test chemical is weighed into a suitable container and gradual increments of solvent are
added, with gentle mixing, warming or sonication, until dissolution occurs or an evenly dispersed,
workable suspension is achieved. Care must be taken to ensure photodegradation of chemical does not
occur. As such, all chemical manipulations should be conducted under yellow light conditions.

Onthedayofdosit‘g,testchembalstod(smprepamdbydissdvm«mspemm the test chemical in
the chosen soivent. memostod(,ﬁvesoﬁaldihnionsoﬂadchemicalhaolvemarepmaredm
achieve 500X the final culture dish concentrations. Each of these five test chemical solutions is diluted
1:250w'nhcultureMumbyieﬂazxdmedﬁnaloomﬁon.suchmauponaddibntometamm
cells, final concentrations attained are 1X in 0.2% solvent in culture medium. Each test chemical culture
dishisoivon4rﬁof2XtestchOMbalin0.4%solveminwnuremedi.lmtogmanltotdmodmn/dish.
0.2% solvent. TMWMMMM&NGMMIWMMSWMWNM. Each
untreated control dish receives 4 mi of culture medium. Each solvent control dish receives 4 mi of 0.4%
solvent in culture medium so that the final solvent concentration in the dish is 0.2%. Each positive
control dish receives 4 mi of 2X Benzo[a]pyrene (BP) concentration in 0.4% DMSO. Final concentrations
of BP ranging from 2.5 - 10 ug/mi are typically used. The culture dishes are retumed to incubate at 37¢
C and 10% CO for either 24 hours or 7 days. For the 24-hour dosing regimen, the culture medium
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containing chemical is removed and the culture dishes are refed with 8 mi fresh culture medium (minus
test chemical) 24 hours post dosing, and then are retumed to the incubator for an additional 7 days.

Cytotoxicity assay

Betore periorming the SHE cell transformation assay, a cytotoxicity assay is conducted to establish an
appropriate dose range for the test chemical. The same dosing protocol selected for the transformation
assay (24 hours or 7 day exposure-see below), should be used for the cytotoxicity assay. This invoives
exposing SHE cells to the test chemical in clonal growth for a time period (24 hours or 7 days) to a range
of concentrations of test chemical. At least 6 concentrations of test chemical are used spanning several
logs of concentrations(i.e., 10, 50, 100, 500 ug/mi, 1 and 5 mg/mi). A second and occasionally a third
cytotoxicity is typically required to define the appropriate dose range for the transformation assay (see
discussion of valid assay guidelines below).

Assessment of cytotoxicity

The effect of chemical on relative colony plating efficiency is the primary indicator used for selecting the
doses for the transformation assay. However, cell number/colony data are also used to corroborate
chemical effects on colony size (see below). Cell counts are done to determine the number of
celis/colony for all test groups in the final cytotoxicity assay. To determine colony number/plate, after 7
days of incubation, the culture medium is removed from 10 culture dishes per test group. Two mi DPBS
buffer is added to the piates and left at room temperature for approximately 20 minutes. The buffer is
removed and the cells are fixed with 2 ml 100% methanol for 20 minutes, and stained for 20 minutes
with 2 mi Giemsa stain solution. To determine cell number/colony in the remaining 5 dishes/test group,
the culture medium is removed and the cultures are incubated twice (1 minute/sach incubation) with 2 mi
CMF-HBSS, detached with 0.5 mi detachment solution, and suspended in culture medium for counting
with either an automated counter or a hemacytometer. Each fixed and stained culture dish is examined
wﬁhastemonﬁcmseopotocwmhemnbaofoobmucobnymmhamsom).
Cumdmmmymmmmnmm;mmmammm
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each test group is determined, and the mean plating efficiency for each test group is calculated (plating
efficiency = mean number of colonies/dish + number of target cells seeded X 100). The mean number of
celis/colony for each test group is also calculated (mean number of celisicolony = mean number of
celis/dish + mean number of colonies/dish) based on ceil counts from trypsinized cultures.

For selection of doses for the transformation studies, the top dose of test chemical should result in 50%
or greater reduction in plating efficiency (even in the presence of precipitate), compared to concurrent
controls, uniess the number of csils/colony is decreased due to toxicily to a point which makes
evaluation of colony morphology ambiguous and preciudes scoring that dose level for transformaticn.
Decreased cell number/colony, observed visually, should be corroborated by the cell number/colony
measurements obtained in the cytotoxicity screen. The highest dose should not exceed 5 mg/mi or
10mM. The low dose of the assay will be the highest concentration of test chemical which results in 90-
100% plating efficiency. At least three doses in between the top and low dose are included in each
assay resulting in a total of 5 analyzable doses. If the test chemical causes no cytotoxicity (defined as
resulting in a 10% or less reduction in RPE), 5 concenirations will be tested up to a maximum of 5
mg/mi, or maximum solubility including one precipitating concentration. Due to normal variability in
toxicity encountsred from one assay to another, an extra treatment group of one concentration higher
than the concentration anticipated to give approximately 50% relative toxicity should be considered to
ensure that appropriate levels of toxicity are achieved. This group would only be scored if the dose
group projected to cause 50% toxicity did not reach this level (see below under data collection).

Adjusted target cell seeding

An average colony number/dish of 35 with an acceptable range of 25-45 has been chosen for conduct of
the assay (see Resuits and Discussion). This number of colonies on a 60 mm piate 1) results in good
reproduchility of the spontaneous MT frequency, 2) facilitates evaluation of the MT phenotype with
minimal colony overlap, and 3) creates culture conditions for optimal expression of the MT phenotype
such that positive chemicals yield sufficient numbers of transiormed colonies for the application of

-
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rigorous statistical procedures for testing treatment related effects, while still maximizing the total
number of colonies generated with approximately 20 culture dishes/treatment group (20 dishes/group for
the transformation assay plus the 5 dishes/group for cell number analysis is the practical limit of

experiment size with one experimenter conducting the study if 6-8 treatment groups are included in the
study).

We have also determined that MT frequency increases with decreasing colony number/dish in the range
of 25-45 colonies/dish (LeBoeuf and Kerckaert, 1987) (see Results and Discussion). While the
mechanistic basis of this colony density phenomenon is not well understood, it is likely related to the
relative amounts of fibronectin or extracellular matrix in the cultures, which will be a function of the total
cell number on the plates. Fibronectin can affect colony morphology and suppress expression of the
transformed phenotype (Yamada and Kennedy, 1979) and has been shown to decrease expression of
the MT phenotype in SHE cells (Rivedal, 1982). Thus, test chemicals resulting in a 50% or greater
reduction in colony number/dish when compared to controls can increase MT frequency by virtue of a
dacrease in colony number/dish, and thus potentially yield a positive response due to test chemical-
induced toxicity, not true transforming activity. In order to test the transformation potential of a chemical
accurately, a means for keeping the number of colonies/dish must be kept relatively constant across
dose groups. By increasing the number of target cells seeded/test group equivalent to the reduction in
piating efficiency due to the test chemizal toxicity, a relatively constant colony number/dish across all
treatment groups can be maintained. The colony number adjustment procedure has minimal effect on
the relative toxicity of a chemical (see results). As such, chemical effects on the celis appear to be
independent of the number of celis targeted in the cell density range used for this assay. Colony number
adjustment is recommended for each concentration that causes, or is expected to cause if the exact
same concentration is not used in the cytotoxicity assay, a 30% or greater reduction in relative plating
efficiency (see Resuits and Discussion). The colony number adjustment procedure is as follows. From
the cytotoxicity assay results, the mean number of colonies/dish, the plating efficiency and the relative
plating efficiency for each test group is calculated. The percent relative plating efficiency = (test
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chemical plating efficiency + solvent plating efficiency) X 100. The number of target cells needed to
yield a constant colony number after toxicity-induced reductions is the number of target cells seeded in
controls X (100 + relative plating efficiency) for each treatment group that is adjusted. The cell number
in the 2 mi of cell suspension used for target cell plating is then adjusted before plating.

Transfcrmation assay

in order to generate sufficient colony numbers/treatment group (>1000) for good assay sensitivity (see
discussion on statistics), for ease of handling, we typically conduct two individuai identical transformation
assays (trials) for each study (20 plates for the transformation assayAreatment group, 500-800 colonies
per trial). Other laboratories may find it more convenient to conduct the assay in one large experiment.
No statistical analysis are done on individual trial data to test for treatment-related effects. Data from the
trials are pooled for the final study analysis to determine test chemical effect on transformation
frequency. Each trial includes at least 5 test chemical dose groups, a solvem control group, and at least
1 benzo(a)pyrene or other positive control group. Rt is also recommended that for screening purposes
where maximum sensitivity is desirable, both 24 hour and 7 day test chemical exposure protocols are
used. The justification for this recommendation is provided in the accompyning paper (LeBoeuf et al.,
this voluma) and is briefly discussed below (see Results and Discussion).

For each trial, feeder cells, target celis, and dosing solutions are prepared and used as described in the
cytotoxicity section above. After dosing, the culture dishes are incubated (undisturbed) for 7 days. The
24-hour exposure protocol involves removing the test chemical/solvent dosing solutions from the culture
dishes 24 hours after dosing and refeeding the cultures with 8 mi/dish of culture medium ninus test
chemical. Control groups (nontreated, solvert, and benzo{ajpyrene) are also refed at this time.
Following refeeding, cultures are incubated for 6-7 days. For some test chemicals an extra day of
incubation is needed to overcome retarded colony growth as a result of refeeding. This can be
determined by evaluating a culture dish on day 6 of the expression period from each treatment group
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with a phase contrast microscope in order to confirm sufficient colony size for scoring . Control groups
shouid be handied similar to chemically-treated groups.

Fixing and staining of SHE cell colonies and cell counts
Following incubation, the culture medium is removed from each dish and in 20 dishes/test group the SHE
cell colonies are fixed with methanol and stained with Giemsa as described above for the cytotoxicity

assay. inthe remaining 5 dishesAest group, cells are detached anu counted.

Data collection

Each culture dish is examined with a stereo microscope in order to count and record the number of
colonies/dish. Each colony is evaluated and scored to be either normal or morphologically transformed
(MT). Normal colonies contain cells in a monolayer with an organized, often flowing, pattern of growth
with minimal cell stacking, particularly where the celis are at a confiuent density. However, some normal
colonies may exhibit a random growth pattem at the outermost perimeter of the colony, where the cells
are not confluent. Morphologically transformed colonies contain cells in an extensive random-oriented,
three dimensional, stacked growth pattern, with criss-crossing cells at the perimeter and in the center of
the colony. Cells in MT colonies frequently are more basophilic relative to their normal counterparts
(LeBoeuf and Kerckaert, 1987). Representative low, medium and high cell density transformed and
normal colonies are shown in Figure 1.

Guidslines for indhvidual trigls
To ensure consistency in results from trial to trial and from experiment to experiment, several general
guidefines should be followed:

1. The plating efficiencies of soivent, and positive control groups should be at least 20%. Plating
efficiencies below 20% under the pi 6.70 conditions may indicate problems with the celis or media
oon'iponm. The average plating efficiency in our lab for controls now runs between 40 and 45%.
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The average colony number/plate for solvent com;ols should be between 25-45 with an ideal target
of 35. As discussed below, this results in consistent MT frequencies in controls from trial to trial and
minimizes the possibility of artifacts due to changes in colony number per plate by the test chemical.
For all treatment groups with a 30% or greater reduction in RPE, the colony adjustment procedure
should be performed and adjusted data used in the analysis.

MT frequencies for the nontreated and solvent control groups typically range (90% of our values)
from 0.06 - 0.7% (see Results and Discussion). If control frequencies are consistently greater than
0.7%, problems with some aspect of the culture conditions or scoring criteria may be occurring.

MT frequencies for the benzofajpyrene control groups (2.5-10 ug/mi) typically range (90% of our
values) from 0.9 - 2.6% (see Results). If control frequencies are consistently below 0.9 %, problems
with either some aspect of the culture conditions or the chemical may be occurring.

Calkculations

For each test chemical dose and control group, the following values are calculated for each trial and for

the results from combined trials for a study:

1.
2.
3.

Mean number of colonies/culture dish.
Total number of coloniesftest group.
Mean plating efficiency (PE) + SEM. where
PE = (numbar colonies/dish + number of cells seeded) X 100
Relative plating efficiency (RPE) where
RPE = (test group PE + solvent control PE) X 100
Number of morphologically transformed (MT) colonies.
MT frequency = (number of MT colonies + total number of colonies) X 100.
Mean number of cells/dishtest group.




17

8. Colony density = mean number of celis/dish + mean number of colonies/dish.
9. Reiative colony density = (colony density test group + colony density of solvent control) X 100.

Statistical analysis

With pooled data from both trials, the total number of MT colonies per total colonies scored for each
treatment group are compared pairwise to the solvent control using a one-sided Fisher's Exact Test
(Armitage, 1971). A p< 0.05 level of significance indicates a treatment related effect on MT frequency.
An unstratified binomial exact permutation trend test (Cytel Software, 1992) for a significant positive
dose response trend is also conducted. Scoring 1000 colonies per treatment group with an average
control transformation frequency of 0.4% allows for a 4 10 5 fold increase in transformation to be
detected as significant at the 0.05 level with a power of 80% (power is the probability that a statistical
test will detect as significant a particular effect).

The validity of pooling data sets from multiple trials for determining treatment-related effects for SHE cell
transformation data has been verified and documented in our previous studies (LeBoeuf and Kerckaent,
1889). A goodness-of-fit analysis on the medium controls, solvent controls and Bfa]P controls data set
reported in the accompanying paper (LeBoeuf et al., this volume) also confirms that the data across
independent trials are consistent with the binomial distribution and hence pooling is valid (Cochran,
1954).

Logistic regression methods (Agresti, 1980) were used to evaluate the relationship between colony
number per dish and MTF. The anlysis was conducted for each of our control group data sets i.e.
medium, solvent and B{a]P and was done on individual trial and complete study data sets from our
historical data base.
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Guidelines for an acceptable study

1. With pooled data from all trials, the top dose of test chemical should 1) cause at least a 50% or
greater reduction in plating efficiency, compared to concurrent controls, uniess the reduction in
number of celis/colony due to toxicity at this top dose prechides scoring of the colonies for
transformation, or 2) be a maximum testable dose, based on test chemical solubility or 3) be a

maximum of 5 mg/ml or 10 mM test chemical in the cultures.

2. With pooled data from all trials, the total number of colonies/group for the control and treated groups
should be approximately 1000 or more.

3. The average coiony number/plate for controls should be between 25-45. For all treatment groups
with a 30% or greater reduction in RPE, data from colony number adjustment groups should be used.

4. Control values should be consistent with the historical range of the laboratory. Our historical range
of values are presented here as guidance. if our MTF is outside of the 90% range of values
presented here, we evaluate the data set (including the positive control response) to ensure that the

assay has adequate sensitivity 10 detect a chemically-induced response.

5. With pooled data from all trials, the transformation frequency of the benzofa]pyrene positive control
group must be statistically significantly greater (p < 0.05) than the transformation frequency of the
solvent control group, as determined by the Fisher's Exact Test.

Criteria for judging the test chemical result

A transformation response is considered treatment related if 1) at least two concentrations of chemical
cause a statistically significant (p<0.05) increase in MTF relative to solvent treated controls, as indicated
by a one-tailed Fisher's Exact Test conducted on pooled data from the two (or more) trials, or 2) the
chemical causes a statistically significant (p<0.05) increase in MTF compared to solvent treated controls
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at one concentration with a statistically significant (p<0.05) positive dose-response trend test (Thomas et
al., 1977). Chemicals which cause a statistically significant increase in MTF at only one concentration
without a positive trend may require additional studies to clarify the response with doses more closely
spaced around the positive dose. A chemical is concluded to be positive in the SHE assay if a
treatment-related response, as described above, is observed with either a 24 hour or a 7 day exposure to
the test chemical.

RESULTS AND DISCUSSION

The described protocol allows for the conduct of a reproducible assay for assessing the carcinogenic
potential of chemicals as well as generating morphologically transformed colonies for mechanistic
studies. Several of the key parameters which can affect the outcome of the assay and experimental
control for these parameters have been identiﬁedandwiﬂbediswsseﬁ.

Colony number per plate

Coluny number per plate is an important variable in the SHE assay. This observation was first reported
in our in earlier work (LeBoeuf and Kerckaert 1987) and is corroborated hers. Because several of the
osherassayvariables.mhascellisdatesandsemmbts,canpotoﬁialyaﬂoctcohrymnbefpef
plate, we thought it useful to discuss this parameter first. In Figure 2, MTF is plotied as a function of
coiony number per plate for untreated controls (Fig. 2a), solvent controis (Fig.2b) and benzofajpyrene
treated cultures (Fig. 2c) from the P&G historical individual trial data base and a best fit regression line is
shown. An analysis indicates that for all three groups, there is a statistically significant inverse
relationship between colonies/dish and MTF as determined by regression analysis. By visual inspection,
the increase in MTF with decreasing colony number is greater at 25 or less colonies per plate than in the
25-45 colonies per plate range. Additionally, as previously described, greater than 45 colonies per plate
can result in the colonies coalescing which interferes with the scoring of the assay particularly in the
controls.




To investigate the colony number per plate effect further, MTF was examined as a function of colony
number per plate on study results (pooled data from two or more trials for each data point) for those
experiments in which colony number per plate was in the range of 25 to 45. Data from our laboratory
and Hazleton Laboratory were combinad for this analysis (Figure 3). Again, the analysis indicates that
MTF is statistically significantly inversely correlated with colony number per plate. However, the
absolute magnitude of the change in MTF is less if the colony range is restricted to between 25 and 45
colonies than if the number of colonies/plate is aliowed to go beyond these limits. Based on this
analysis, we recommend plating the appropriate number of cells (see below) to obtain 35 colonies per
plate or the mid-point of the desired range. Conducting all experiments in the 25-45 colonies/plate range
also results in greater trial-to-trial and experiment-to-experiment consistency in results than otherwise
would be obtained.

The observation of an effect of colony/plate on MTF also raises the possibility that chemically-induced
toxicity resulting in a reduction of colony number/plate could in and of itself cause a significant increase
in MTF and as such be incorrectly interpreted as a transforming chemical. To address this possibility, it
is instructive to look at Figure 2a (untreated control results). Using the best fit line, if one starts with 25
colonies/plate and reduces this 50% to 12-13 colonies/plate, an increase in MTF from 0.4% to 0.8%
occurs. A reduction from 30 to 15 colonies/plate results in an increase in MTF from 0.35% t0 0.65%, a
reduction from 35 to 17-18 colonies/plate resuits in an increase from 0.30% to 0.55%, and a reduction
from 40 to 20 colonies/plate results in an increase from 0.22% to 0.45%. Thus, an approximate doubling
in MTF occurs by decreasing colony number/plate by 50%. One might conclude from the size of the
increases, that with scoring 1000 colonies, the level of sensitivity of the assay is not great enough to pick
up this doubling as significant. However, a doubling of an MTF value via the colony number effect will
lead to a greater “false positive” rate at some finite, non-zero rate, than would otherwise be observed in
the absence of this effect.
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In an attempt to determine how frequently increases in MTF occurred as a result of reduction in colony
number/plate and not the inherent transforming properties of the chemical, we examined our data set of
56 chemicals reported in this volume (LeBoeuf et al., this volume). For concentrations of chemicals
which caused 30% or greater reduction in relative plating efficiency, transformation results from the
colony number unadjusted groups and adjusted groups, where colony number/plate was held constant,
were compared. For this analysis.'we had both unadjusted and colony number adjustment data sets on
100 dose groups for comparison (Table 1). Fourteen of the 100 responses (14%) showed statistically
significant increases in MTF in the unadjusted group which did not occur in the colony adjusted group at
the same concentration of chemical treatment. For this same set of 100 paired results, we also
evaluated the effect of colony adjustment on relative toxicity induced by the test chemical. The mean
RPEz SEM for the unadjusted group and colony adjusted group was 61.941.9 and 55.341.8 respectively.
Thus it can be concluded that the decrease in transformation response observed with the colony
adjustment is not due to a decreased "effect” of the chemical on the ceils as indicated by cytotoxicity, but
rather is more consistent with the colony number /plate effect which has been clearly demonstrated.
importantly, the adjustment procedure changed the overall call for three chemicals (Table 2). In the case
of anilizine and phthalic anhydride, not cell adjusting resulted in one significant dose along with a positive
trend. For 3 nitropropionic acid, not cell adjusting resulted in two significant doses. It is noteworthy that
for the three chemicals for which colony adjustment had an effect on the overall call, all are non-
carcinogens. Thus, 3 out 18 non-carcinogens (17%) in our data set would have been "falsely” concluded
as having transforming activity in the absence of the colony adjustment procedure. Based on this
analysis, we recommend the implementation of this procedure as a matter of practice when conducting
the assay.

Distribution of solvent and Bfa]P positive MTF control values

Shown in Figure 4 is the distribution of MTF values for culture medium, solvent and Bfa]P controls from
wrh&micaldﬁas«whmoobnymnb«pordﬂmhﬂnmd%. ThomomManmd
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80% range of values for the culture medium, solvent and B[a]P controls are shown in Table 3. These
median values and ranges should be used as a reference point to those establishing this method in their
laboratory until they can establish their own historical response data set. While we have not statistically
quantitated the effect, it is our experience that the positive and negative controls for a given study move
in paraile! within our historical range i. e. when the solvent control MTF values are at the lower end of the
historical distribution, so is the value for the B{a]P at the lower end of its distribution and vice versa. This
suggests that whatever variables affect the transformation response beyond those which we have
controlied, they do so across all groups. As such, this gives additional confidence that day-to-day
variability in the assay will result in minimal false positive or negative responses. Additionally, the
adequacy of the binomial distribution for these data was assessed by standard goodness-of-fit tests
(Cochran, 1954). The results of this testing reflect on the appropriateness of statistical methods (typically
the Fisher Exact test and/or the Cochran-Armitage test) used to analyza these data.

SHE cell isolate and serum quality control

SHE cell plating efficiency and, therefore, the number of colonies/culture dish can vary from one SHE
cell isolate to another, as indicated by the range of values shown in Table 4. We have found targeting
60-80 cells to be optimal for most of our isolates, with plating efficiencies in the 40-50% range. Also,
morphological transformation potential can vary from one SHE cell isolate to another, and on a rare
occasion an isolate is obtained that cannot be used in the SHE assay as defined below. Therefore, the
appropriate target cell seeding density and transformation potential must be determined for each new
SHE cell isolate, prior to its use in the transformation assay. This is done by conducting a transformation
assay of culture medium, solvent, and benzofajpyrene test groups (20 dishes/group) while varying the
target cell seeding density (i.e., 60, 80, 100 target celis/culture dish). The target cell seeding density
which results in 25-45 coloniea/plate is then used for the transformation assay to establish the
transformation properties of the particular isolate. For an isolate to be useful for standard screening
purposes. it should meet the following criteria:
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1) The plating efficiencies of untreated, solvent and positive control groups should be > 20%, giving an
average of 25-45 colonies/culture dish.

2) The morphological transformation frequency (MTF) of the nontreated and solvent control groups
should be within the 90% range of historical control values for other cell isolates for the lab (0.06 to
0.7% MTF for our laboratory).

3) The MTF of the B[a]P group should be statistically significantly greater than the MTF of the solvent
control (one-sided Fisher's Exact Test, p<0.05). In addition, the MTF of the positive contro! should be
within the 80% range of historical values for other cell isolates for the lab (0.9-2.6% MTF for
benzo{ajpyrene for our laboratory).

As a point of reference, for the data set of approximately 80 studies reported here (LeBoeuf et al., this
volume), plating efficiencies in the controls ranged from 24 to 71 % with an average of 44%. In the last
four years, plating efficiencies in our controls have routinely been greater than 30%.

With the SHE cell isolation procedure described here, cryopreserved cells can be used for 6 to 9 months.
Unpublished results from our laboratory suggest that celis maintained in the freezer greater than 9
months loosameabiliy&oeitherbetransfomedonxpfmmetnnﬁommd phenotype.

Aspfevmslyﬁswssed,ahighpememageoﬂetalbwinesemm(FBS)latswwwpponSHEcallww&l
and morphological transformation at pH 6.70, compared to culture medium of higher pH. However, it is
MlponamtoveﬁlymmFBSusodtosuppleQOUwcuMMmhtheSHEtransfonnationasuy
mwmmmwmmmmmmmmmm“
mthMIWhMﬂEWamemmmmbﬂmw
isolate. Therefore, each new lot of FBS should be tested for its utility in the SHE assay, prior to its
routine use in transformation studies. This is done by conducting a transformation assay similar to that
for the SHE cell isolate validation assay above. Hm.mW.MSHEMMmh
m&anmmpﬂammmmmdemy(u..mmmmmm
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colonies/culture dish) with the culture medium, soivent, and benzo{a]pyrene control groups. An
acceptable FBS lot should meet the above 3 criteria, stated for the cell isolate verification, for use in the
SHE assay. A data cummary of the results from our FBS screening tests is shown in Table 5. As can be
seen from the range of MT frequencies observad with different lots of FBS, it is important to conduct this
screening procedure to optimize assay conditions. Apgroximately 85% of the FBS lots screened in our
lab have met the criteria for conducting the pH 6.70 SHE assay. We typically obtain sufficient serum
from a suitable lot to be used for a 12-month pericd. Thus, while cell and serum verification experiments
are essential to the reproducible conduct of the aszay, they require but a small percentage of research
time, if the assay is conducted routirely in the laboratory.

Duration of exposurs to the chemical

Representative study resultsare shown in Fig. 5 and 6 from both 24 hour and 7 day exposure assays.
With certain chemicals, the length of exposure ime to SHE celis has been observed to affect the
outcome of the pH 6.70 SHE assay and may have mechanistic implications (LeBoeuf et al., this
volume). A mutagenic carcinogen, such as benzo{ajpyrene, gives a positive SHE assay result when
tested in either the 7-day or 24-hour protocols (Figures 5A and 58), over the same concentration range
of test chemical in the two different exposure regimens. Non-carcinogens, such as anilazine, yield a
negative SHE assay result when appropriately tested in either the 7-day or 24-hour protocols (Figures SC
and 5D). However, some carcinogens, methapyrilene as an example (Figures 6A and 6B), give a
positive SHE assay result after 7 days of continuous chemical exposure and a negative result after a 24-
hour exposure, and 7 days of "chemical-free" clonal expansion. While methapyrilene causes a
statistically nonsignificant dose response increase in MT frequency with the 24-hour exposure, the
concentration of test chemical is at least an order of magnitude greater than that showing a
transformation response in the 7-day exposure assay, thus indicating a clear difference in the activity of
this chemical in a 24-hour vs. 7-day exposure scenario. A similar response (7-day positive, 24-hour

negative) has also been observed with the hepatocarcinogen di{ethylhexyl)phthalate in the pH 6.70 SHE
assay and the skin tumor promoter, TPA (LeBoeut et al., this volume). A positive result with a seven-day
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exposure in combination with a negative result in a 24-hour exposure assay may suggest "p:oeotion-
like" activity for these chemicals. Another pattern of response is typified by the carcinogen benomyl
(Figures 6C and 6D). Benomy! gives a positive SHE assay result with a 24 hour exposure and a
negative response after 7 days' exposure with the doses evaluated for transformation. A seven-day
exposure to 2.0 ug/ml benomy! resulted in a relative plating efficiency of 25% and the mitosis inhibiting
effects of the benomyl were such that the colonies were too sparse to score for transformation. In
contrast, with a 24-hour exposure, 2.0 ug/mi resulted in a relative plating efficiency of approxirately
60% and produced clearly scorable colonies. It cannot be ru'ed out that benomyl would cause a positive
response with a 7-day exposure, if a dose between 1.5 and 2.0 ug/mi, yielding acceptable levels of
toxicity, couid be run. However, due to the steepness of the cell susvival curve and the narrowness of
the chemical dose range, we were unsuccesstful in conducting such an experiment. These results
indicate that at least for some chemicals, SHE cells are able to tolerate higher test chemical
concentrations for a short time period and then proliferate to express the morphologically transformed
phenotype in culture medium without test chemical. A similar response has been observed with the
carcinogens griseofulvin and nitrilotriacetate in the pH 6.70 SHE assay (LeBoeuf et al., this volume).
These results indicate the value of conducting both the 7-day and 24-hour exposure protocols, if all
pattems of transformation are to be detected.

CONCLUSIONS

As presented in the accompanying paper (LeBoeuf et al., this volume), our results to date indicate an
overall agreement of 85% between the pH. 6.70 assay, SHE and rodent bioassay results. The conduct
of the SHE assay at pH 6.70 has overcome many of the technical difficulties which can be encountered
when conducting the assay at higher pHs. Among these advantages are: 1) elimination of the need to
screen numerous SHE cell isolates for their sensitivity to morphological transformation, 2) elimination of
mmmmmmmwmummmummumsnemmw
morphological transformation, 3) the frequency of morphological transformation has been increased
apmeeWﬂbH,faciMimﬂnmoMmmeﬂMsberams




morphological transformation potential, and 4) an increased ability to identify the morphologically
transiormed phenotype. Several parameters which affect the expression of the MT phenotype such as
colony number per piate have also been identified and can now be controlied. The detailed procedures

described here should facilitate the reproducible conduct of this assay.
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Table 1. Transformation results for chemicals for which colony number adjustment eliminated a
statistically significant treatment-related increase in transformation frequency.

Chemical (Duration Of Exposure) RPE (%) @ Number of MT Y/ | MTF (%) © Fishers Exact
Dose ug/mi Total Colonies p Valued
Acid red 14 (24 Hour)
600 67 10/852 1.17 0.0096
600CA 59 11/1562 0.70 0.0740
| Anilazine (7 Day)
50 55 20/1429 1.40 0.0000
50CA 50 5/1098 0.46 0.1281
Benomyl (24 Hour)
25 60 9/887 1.02 0.0204
2.5CA 36 &/1205 0.66 0.1105
|_Chioral hydrate (24 Hour)
300 67 10/856 1,17 0.0087
300CA 56 7/938 0.75 0.0853
| Clofibrate (24 Hour)
125 50 13/849 1.53 0.0000
125CA 42 4/1655 0.24 0.1727
EDTA (24 Hour)
100 48 614 1.47 0.0397
100CA 49 10/1225 0.82 0.2750
4-Nitro-o-phenylenediamine (7 Day)
25 -] 121107 1.08 0.0336
25CA 62 13/1708 0.78 0.1414




3-Nitropropionic acid (24 Hour)
80 68 11/1166 0.94‘ 0.0417
80CA 70 9/1714 0.53 0.3188
80 61 12/1025 1.17 0.0126
S0CA 56 122049 0.59 0.2254
Phenobarbital (24 Hour)
850 58 15/912 1.65 0.0005
850CA 61 8/1236 0.65 0.1601
1000 62 20/884 2.28 0.0003
1000CA 53 16/1826 0.88 0.1176
1250 49 14/701 2.00 0.0028
1250CA 41 13/1802 0.72 0.2645
Phthalic anhydride (24 Hour)
300 €8 9/810 1.11 0.0238
300CA 60 7/1348 0.52 0.2713
Sodium fiuoride (24 Hour)
75 44 15/682 2.20 0.0000
7SCA 38 11/1858 0.56 0.1236

2 RPE, relative plating efficiency

b MT, morphological transformants

C MTF, morphological transformation frequency

9 Level of statistical significance of treatment-related effect compared to concurrent solvent control

CA = Colony number adjusted.
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Table 2. Transformation Results On Chemicals For Which Colony Number Adjustment Changes The

Overall Call
Chemical Experiment | Dose RPE (%)@ | Numberof MTD/ | MTF (%) ¢
_ug/mi Total Colonies
| Anilazine 7-day_ Control 100 (60)9 | s;2732 0.18f
Expt. 1 10 109 0/1555 0.00
20 104 3/1481 0.20
35 94 2/1346 0.15
50 55 20/1429 1.40©
50CA 50 5/1098 0.46
| 3-Nitropropionic acid | 24-hour Control 100 (479 | 6/1676 0.36
50 73 5/1226 0.41
60 73 711221 0.57
70 659 7/1136 0.62
80 59 11/1166 0.94€
80CA 70 V1714 0.53
90 61 12/1025 1.17@
80CA 56 12/2049 0.59
Phthalic anhydride 24-houy Control 100 (40)9 | 3/1091 0.28f
50 88 41412 0.28
100 05 4/1283 0.31
200 85 _5/1138 0.44
300 68 /810 1.11®
300CA 60 7/1348 0.52
400 & 6290 0.67




400CA 48 7/1822 0.38

4 RPE, relative plating efficiency

b MT, morphological transfermants

¢ MTF, morphological transformation frequency

d Level of statistical significance of treatment-related effect compared to concurrent solvent control

@ Statistically significantly different compared to concurrent solvent control or pooled controls from the
two experiments studies

¥ Trend test positive only for the unadjusted results data set

8 Colony adjustment not conducted on this group based on results from the cytotoxicity assay

CA = Cell adjusted.
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TABLE 3 Mean, median and 90% range values of our historical control data set

Gioup No.of Experiments  Mean Median Lower90% value Upper 90% vakie
Culture medium 72 0.290 0.230 0.063 0.610
Solvent control 81 0.322 0.307 0.074 0.665

Ba]P 8 1.538 1.435 0.910 2.592




TABLE 4
RESULTS OF TESTING SHE CELL ISOLATES® IN THE SHE ASSAY

Plating Efficiency? MTF¢ Colonies/dish
Mean £ SEM (Range) Mean + SEM (Range) Mean + SEM (Range)

Culture medium 40 £ 3.32 (29-61) 0.26 % 0.07(0-0.64) 36 £ 1.70 (25-47)
Dimethylsulfoxide 47 £ 2.22 (28-60) 0.19 % 0.03 (0-0.48) 37 £ 1.48 (27-47)
Benzo{a]pyrene 46 £ 1.80 (34-60) 1.5910.17 (0.83-3.15) 36 £ 1.62 (28-47)

2 Pooled data from over 30 SHE cell isolates tested in our lab in the past 8 years.
b piating efficiency = number of colonies/dish + number of cells seeded X 100.

¢ Morphological transformation frequency.
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TABLES
RESULTS OF TESTING FETAL BOVINE SERUM® IN THE SHE ASSAY

Control Plating Efficiency? MTFC Colonies/dish

Mean + SEM (Range) Mean + SEM (Range) Mean + SEM (Range)
Culture medium 43 £ 5.37 (3249) 0.18 £ 0.02 (0-0.45) 37 +2.14 (2647)
Dimethylsulfoxide 44 + 4.83 (25-64) 0.28 £ 0.66 (0-0.52) 35 & 2.63 (25-43)
Benzofajpyrene 40 £ 4.76 (25-58) 1.96 £ 0.24 (1.40-2.89) 33 1 2.45 (25-40)

2 Pooled data from over 20 fetal boviné serum lots tested in our lab over the past 8 years.
b Plating efficiency = number of colonies/dish + number of cells seeded X 100.
¢ Morphelogical transformation frequency.



FIGURES

Figure 1. Photomicrographs of morphelogically normal and transformed SHE cell colonies under pH 6.70
culture conditions. Low density (a, b), medium density (c, d) and high density (e, f) morphologically
transformed colonies; Low density (g, h), medium density (i, j) and high density (k, I} morphologically
normal colonies.

Low magnification =8X; high magnification =27X

Figure 2. Effect Of Colony Number/Dish On MTF. MTF from individual trials from culture medium
controls (Fig. 2a), solvent treated controls (Fig. 2b.) and B{aJP treated cultures (Fig. 2c) were plotted as a
function of colony number/plate. 84, 141 and 143 individual trails were plotted for the culture medium
controls, solvent treated controls and B[a]P treated cultures respectively. A statistically significant
inverse relationship exists between MTF and colony number/plate for all three data sets as indicated by
logistic regression analysis. p-Values for significance of the regression were medium control, p <0.001;
solvent control, p<0.050; and B(a)P control, p<0.001.

Figure 3. Effect Of Colony Number/Dish On MTF When Colony Number/Dish is Restricted to Between
25 and 45. MTF from final studies (pooled data from two or more trials/study) from culture medium
controls (Fig. 3a), solvent treated controis(Fig. 3b.) and B{a]P treated cultures (Fig. 3¢c) were plotted as a
function of colony number/plate. 72, 81 and 83 assay study results were available for the culture
medium controls, solvent treated controls and Ba]P treated cultures respectively. A significant inverse
mhﬁomhbammmmwmmmmmemaﬂmmwasmwbgm
regression analysis. p-values for significance of the regression were medium control, p <0.002; solvent
control, p<0.012; and B(a)P control, p<0.005.

Figure 4. Frequency Distributions Of Historical Control MTFs. The frequency of MTF values from our
historical data base for culture medium controls (Fig.4a), solvent controls (Fig. 4b) and B[a]P controis
(Fig. 4c) are shown. 72, 81 and 83 study results were available for this analysis for the culture medium

o
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controls, solvent treated controls and B{a]P treated cuitures respectively. The intervais are designed to
encompass w7 of the underlying distribution of possible values (Hahn and Meeker, 1991).

Figure 5. Morphological transformation frequency (MTF) of benzo{a]pyrene (A and B) and anilazine (C
and D) as a function of their toxicity (relative plating efficiency - RPE) in the 7-day and 24-hour SHE
assay. Indicated dose groups (asterisks) are significantly greater (p<0.05) than the solvent control group

Figure 6. Morphological transformation frequency (MTF) of methapyrilene (A and B) and benomyi (C
and D) as a function of their toxicity (relative plating efficiency - RPE) in the 7-day and 24-hour SHE
assay. Indicated dose groups (asterisks) are significantly greater (p<0.05) than the solvent control group.
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Figure 4
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Figure S
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Figure 6
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