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Altered Expression of Epidermal Growth Factor Receptor Gene in a Classical
Multidrug-resistant Variant of a Human Cancer Cell Line, KB
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A variant clone resistant to high doses of celchicine (KB-C1) derived from human cancer KB cell line
is resistant to various anticancer agents. The KB-C1 cells were much more resistant to epidermal
growth factor and a chimeric toxin, EGF-Pseudomonas exotoxin (PE), than the parental KB cells.
KB-C1 cells have decreased numbers of EGF-receptors, though the affinity of the receptors is similar
to that in the parental KB cells. A drug-sensitive revertant (C1-R2) partially recovered its EGF-
receptor activity. Northern blot analysis showed a decreased level of EGF-receptor mRNA in KB-C1
cells, while the multidrug-resistance gene, mdr-1, was expressed at very high levels in KB-C1 cells, but
not in KB or C1-R2 cells. The drug-resistant cells were less tnmorigenic than the parental cells when '
injected into nude mice. A decreased expression of EGF-receptor in these cells may be one of the
pleiotropic properties of multidrug-resistant cells and may perhaps represent the basis for their

reduced tumorigenicity.
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Cancer patients go into remission as a consequence of
the effective action of anticancer agents, but if relapse
occurs, the cancer may no longer respond to the same
drugs. The cancer cells appearing in the patient after
chemotherapy are often resistant to drug therapy, and
drug-resistance in tumors is a serious clinical problem.”
Chemotherapy appears to create a specific pressure that
selects for resistant clones to become predominant in the
tumor cell population. Acquisition of drug-resistant
phenotype, pharmacological hideout of tumor cells and
appearance of tumor cells arrested at the G,/G, cell cycle
state are supposed to be involved in the development of
drug resistance during chemotherapy."

Concerning the biochemical mechanism of simultane-
ous acquisition of resistance to many anticancer agents
(multidrug-resistance; MDR), expression of a membrane
glycoprotein (P-glycoprotein) with a molecular weight
of 170,000 daltons is closely correlated with the mem-
brane transport of drugs.*® Over-expression of the
MDR gene (mdrl) is observed in resistant tomor
cells,”® while experimentally selected MDR clones show
enhanced efflux pump activity of anticancer agents possi-
bly through the P-glycoprotein.”

Danks ef al. reported that MDR cells derived from
human leukemic cells aiso overexpressed other surface
glycoproteins different from the P-glycoprotein.'"” Fur-
ther study showed that expression of these resistance-
associated glycoproteins might be related to differentia-
tion or maturation of the leukemic cells.'” Richert ef al.
reported that an MDR clone derived from human KB
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cells had decreased amounts of 72,000 and 75,000 dalton
glycoproteins.'” Ganglioside composition and glycopro-
teins were changed in these MDR cell lines." One would
expect that growth behavior might be changed duoring
acquisition of multidrug-resistance since Biedler et al
showed that MDR cell lines were less tumorigenic than
drug-sensitive parental cell lines.'” Meyers et al. have
reported that MDR cell lines isolated from some rodent
cell lines have increased numbers of epidermal growth
factor (EGF) receptors.” In this study, we examined
whether an MDR clone of KB cell line shows aberrant
response to growth factors, and whether altered response
to a growth factor alters the tumorigenicity of the MDR
cell line.

MATERIALS AND METHODS

Cell lines and cell culture KB is a subline isolated from
human epidermoid carcinoma. KB-C1 (KB-Ch*-8-5-11-
14-24), a multidrug-resistant mutant, was selected by
applying increasing concentrations of colchicine to KB
cells.'® This KB-C1 is the same clone as Ch®-24 which we
have used in our laboratory."”'® C1-R2 is a cloned
revertant of KB-C1 cells which was isolated after cultur-
ing KB-C1 cells in the absence of colchicine for 3
months. Cells were grown in monolayer in MEM (Nissui
Seiyaku Co., Tokyo) containing 10% newborn calf
serum (Microbiological Associates, Bethesda, MD), 1
mg/ml Bactopeptone (Difco Laboratories, Detroit, MI),
0.292 mg/ml glutamine, 100 gg/ml kanamycin and 100
units/ml penicillin.'” '®
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Drugs and chemicals EGF was obtained from Toyobo
Co., Osaka. A toxic conjugate of Pseudomonas exotoxin
(PE) and EGF (EGF-PE) was the generous gift from
Dr. Ira Pastan (National Cancer Institute, NIH,
Bethesda, MD).”? "L.EGF (150-200 uCi/ug) was
purchased from New England Nuclear, Boston, MA.
Restriction enzymes were from Takara Co., Kyoto. A
DNA labeling kit was purchased from Boehringer
Mannheim. Nonidet P-40 (NP-40) (BDH Chemicals,
Ltd., Poole, England) was obtained from Dai-ichi Chem-
ical Co., Tokyo, and sodium dodecyl sulfate (SDS) was
from Nacalai Tesque Inc., Kyoto.

Cellular sensitivity to EGF or EGF-PE assayed in terms
of colony formation To determine cell survival, 300 cells
were plated in 60 mm dishes and 16 h later, various doses
of EGF or EGF-PE were added. After incubation for 10
days at 37°C, colonies were stained with 0.5% methylene
blue in 50% ethanol and counted as described previ-
ously, 17,18)

Scatchard analysis for *I-EGF binding The cells were
plated at a density of 4 X 10° cell per 35 mm dish. After
incubation for 24 h at 37°C, the medium was replaced
with serum-free MEM containing 0.1 mg/ml bovine
serum albumin and 10 mM HEPES, pH 7.5.'%' The
cells were cooled on ice for 15 min, then various con-
centrations of '“I-EGF were added in the presence of a
200-fold higher dose of uniabeled EGF. After incubation
for 2 h at 4°C, cells were washed twice with cold
phosphate-buffered saline (PBS) and lysed with 1 &
NaOH. The radioactivity was measured as '“I-EGF
binding activity and was analyzed according to the
method described previously,?”

Tumorigenicity assays Tumorigenicity of KB, KB-CI,
and C1-R2 cells was assayed after subcutaneous inocula-
tion of 2 X 10° or 2X 107 cells into the flank of a mouse.
Female Balb/c A/nu/nu/Jel nude mice, 7 weeks of age,
obtained from Clea Japan Inc., Tokyo, were used.
Growth of tumors was regarded as positive if they were
palpable 3 months after the inoculation. Tumor weight
was determined for all palpable tumors, and ranged from
05gto3.5¢g.

Northern blot analysis Cytoplasmic RNA was prepared
as described’” with a minor modification. Briefly, the
cells were rinsed twice with cold PBS, scraped into PBS,
and pelleted at 1000 rpm for 5 min. The cell pellet was
resuspended in cell lysis buffer (1% NP-40, 5 mM NaCl,
5 mM Tris-HCL, pH 7.5, 0.5 mM MgCl,) and centrifuged
at 3000 rpm for 10 min. The supernatant was mixed with
an equal volume of 1% SDS, 7 M urea, 0.3 M NaCl, 20
mM Tris-HCl, pH 7.5 and 2 mM EDTA. After serial
extractions with phenol, phenol-chloroform and chloro-
form, RNA was precipitated with ethanol. Ten micro-
grams of RNA was fractionated on 19 agarose contain-
ing 2.2 M formaldehyde. After electrophoresis, the gel
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was stained with ethidium bromide, photographed and
transferred to a nylon filter (Zeta probe, Bio-Rad) with
10X ssc (1.5 M NaCl, 150 mM sodium citrate, pH 7.0).
The filter was prehybridized for 3 h at 50°C with buffer
containing 5<ssc, 20 mM Na-phosphate (pH 7.0) 10X
Denhardt’s' solution (1XDenhardt’s solution=0.02%
(w/v) each of bovine serum albumin, polyvinyl-
pyrrolidone, and Ficoll), 7% SDS, and 100 gg/ml
salmon sperm DNA. Hybridization was carried out for
16 h at 50°C in the same buffer containing 10% dextran
sulfate. Filters were washed at 50°C twice in 3 Xssc, 5%
SDS, 10 mM Na-phosphate and 10X Denhardt’s solu-
tion, and then twice in 1% SDS and 1Xssec. Auto-
radiography was carried out using Kodak XAR film.

Preparation of hybridization probe DNAs containing
cDNA fragment from pE7 for EGF-receptor,”” pHDR4.4
for mdr-I* and genomic fragment from Hal60 for
B-actin®” were digested by appropriate restriction en-
zymes. The cDNA fragments were purified from agarose
gel and uniformly labeled with *P to a specific activity of
10*-10° cpm/g by primer-mediated DNA replication.>

RESULTS

Comparison of cellular sensitivity to EGF and EGF-PE
of KB and KB-Cl cells We tested the effect of EGF on
cultured MDR cells from clone KB-C1, and compared
the results with those obtained for the parental drug-
sensitive KB cells. The appearance of the two lines of
cells differed markedly in the presence of EGF (Fig. 1).
Most of the KB cells on a plastic dish were detached and
rounded when 10 ng/ml of EGF was present (Fig. 1A
and B), while no change in the morphology was observed
in KB-C1 cells treated with EGF (Fig. 1C and D).

KB cells have EGF-receptors and their growth is
affected by EGF. We examined the effect of EGF or
EGF-PE on cell growth with a colony-forming assay.
EGF was cytotoxic when added to KB cells at more than
0.1 ng/ml (Fig. 2). A striking difference was noted with
the KB-C1 cells, where 50% inhibition of KB-C1 colony
number was observed at more than 10 ng/ml, as com-
pared with 0.2-0.3 ng/ml for KB celis. The 50% in-
hibitory dose (LDs,) of EGF for a revertant clone C1-R2
of KB-Cl, which shows almost the same sensitivity to
many anticancer agents as KB cells, was 0.3-0.4 ng/ml.
Figure 3 shows the dose-response curves of KB, KB-C1
and C1-R2 to EGF-PE. The LD,, of EGF-PE was 90
ng/ml for both KB and C1-R2 cells, while that for KB-C1
cells was 800 ng/ml. These data show that the MDR
clone KB-C1 has a higher resistance to cytotoxic doses of
EGF or EGF-PE than the parental KB or the revertant
C1-R2 cells.

Binding kinetics and expression of EGF receptor To
determine the basis of the change in the cellular response
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Fig. 1.

Effect of EGF on the morphology of KB (A, B) and KB-Cl1 cells (C, D). Three hundred cells were inoculated

per 60-mm plastic dish and the next day 10 ng/ml of EGF was added to one KB (B) and one KB-C1 (D) cell culture. Cell
morphology 10 days thereafter is shown here. Untreated control cells of KB (A) and KB-C1 (C) are also shown.
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Fig. 2. Effect of EGF on cell survival, assayed in terms of

colony-forming ability. Cells (300/60-mm dish) were plated
and exposed to various concentrations of EGF for 9 days. KB
(m), KB-Cl (a) and C1-R2 (®). Points, mean of duplicate
determinations; bars, SE.
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Fig. 3. Effect of EGF-PE on cell survival, assayed in terms of

colony-forming ability. Cells (300/60-mm dish) were plated
and exposed to various concentrations of EGF-PE for 9 days.
KB (®), KB-Cl ( 4) and C1-R2 (®). Points, mean of dupli-
cate determinations, bars, SE.
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Fig. 4. Scatchard analysis of saturation kinetics for "“I-EGF
binding at 4°C to the cell surface of KB, KB-C1 and C1-R2
cells. KB (@), KB-C1 (&) and C]-R2 (m),

to EGF by the KB-Cl cells, we compared the EGF
binding activities of each cell line by using various doses
of ""I-EGF. Scatchard analysis of the saturation kinetics
for '""I-EGF binding to the cell surface of KB, KB-Cl
and C1-R2 showed 86,000, 32,000 and 60,000 receptors
per cell, respectively (Fig. 4). The values of affinity (Kd)
of the EGF receptors were estimated to be 1.4 nM (KB),
0.9 nM (KB-Cl) and 1.2 nM (C1-R2), respectively. To
determine the cellular expression of the EGF-receptor,
northern blot analysis was carried out. As seen in Fig. 5,
an MDR-related gene, mdr-1, is highly expressed in
KB-Cl1, but not in KB and C1-R2 cell. Expression of the
[-actin gene was similar in all three cell lines. By con-
trast, the cellular level of EGF-receptor mRNA in KB-C1
was less than one-half that of KB or C1-R2. Binding
activity for EGF-receptor (Fig. 4) and northern blot
analysis (Fig. 5) suggested that expression of the recep-
tor mRNA is decreased in the MDR clone in comparison
with its parental cell line. The reduction in mRNA levels
suggests that synthesis of the receptor is reduced.

Comparison of tumorigenicity of KB-C1 and KB cells
We examined the tumorigenicity of each cell line by
inoculation into nude mice, and the results of two inde-
pendent in vivo assays are shown in Table 1. Subcutane-
ous inoculation of 2 X 10° KB cells induced 3 tumors out
of 4 inoculations (Expt. 1) and 6 tumors out of 8 inocu-
lations (Expt. 2) 3 months after the inoculation. By con-
trast, only one tumors was found out of 4 inoculations
(Expt. 1) and no tumor out of 8 inoculations (Expt. 2)
when 2% 10° cells of KB-C1 were inoculated. Inocula-
tion of 2> 10" cells of KB-C1 induced 4 tumor out of
4 inoculations. C1-R2 cells induced 4 tumors out of 4
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Fig. 5. Northern blot analysis for EGF receptorin KB, KB-C1
and C1-R2 cells. Ten g of RNA from KB (lane 1), KB-Cl
(lane 2) and C1-R2 (lane 3) cells was used for hybridization
with cDNAs of EGF receptor (panel A), mdr-1 (panel B) and
B-actin (panel C). The bottom row indicates rRNA of 185 and
288 (panel D).

inoculations and 5 tumors out of 8 inoculations when a
smaller number of the cells was inoculated (Table I).

DISCUSSION

Our data indicate that a classical MDR clone derived
from human cancer KB cell line shows a decreased
number of EGF receptors and reduced tumorigenicity in



Table I. Tumorigenicity of KB, KB-Cl and C1-R2 Trans-
planted in Nude Mice
Cell Cell Incidence of tumeors®
lines number Expt.1 Expt. 2

KB 2108 3/4 6/8
2%107 —b —
KB-Cl 2x10° 1/4 0/8
2X10° — 4/4
Cl-R2 2x10° 4/4 5/8
2107 — —

@) KB, KB-Cl and CI1-R2 cells either at 2% 10% and 2 X107
were subcutaneously inoculated into a nude mouse. The values
are number of tumors appearing per number of inoculations.
b) Not tested.

comparison with the parental KB or its drug-sensitive
revertant C1-R2, Biedler et al have reported that the
development of resistance to actinomycin D, daunomy-
cin or vincristine in Chinese hamster cells results in lower
oncogenic potential and a less malignant phenotype
relative to the non-resistant counterparts.'” It appears
that the acquisition of the MDR phenotype by tumor
cells is correlated with their tumorigenicity and other
tumor-related properties in certain cell lines.

Many MDR clones of Chinese hamster ovary (CHO)
cell lines or human cancer cell lines exhibit increased
expression of the P-glycoprotein on the cell sur-
faces.>> '™ Many MDR clones, including KB-C1 cells,
show decreased expression of 70,000-80,000 dalton pro-
teins and increased expression of a 21,000 dalton
protein.'"*® Beck et al. have reported that MDR variants
of a human leukemic cell line are more differentiated
than the parental cell line and MDR-associated glyco-
proteins of 155,000 and 130,000 daltons appear during
the differentiation process.'" Ganglioside composition is
also altered in Chinese hamster MDR cell lines."” During
the development of the MDR phenotype, the expression
of various MDR-related membranous constituents
appears to be changed. Although the precise molecular
mechanism for such changes is not yet understood, MDR
cells appear to have a more “normal” phenotype.

In this study, we have found that KB-Cl cells show a
greater resistance to the cytotoxic action of EGF and
EGF-PE than KB or C1-R2 cells. Mutant KB cells with
decreased EGF-receptor expression are resistant to EGF
or EGF-PE,”"*® suggesting a correlation between EGF
receptor number and cytotoxicity by EGF-PE. A
decreased expression of EGF-receptor was observed on
the cell surface of KB-C1 cells (Fig. 4). Although we
observed similar levels of expression of varicus house-
keeping genes and oncogenes in the cell lines (K. Kohno,
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unpublished data), the mRNA level of EGF receptor
gene is reduced in KB-C1 cells (Fig. 5). In contrast,
Meyers et gl have reported increased EGF receptor in
MDR cleones of Chinese hamster and mouse tumor
cells," ™ and a concomitant increase of EGF receptor
was also observed in MDR cell lines derived from mouse
and human cell lines.”” These MDR clones manifest a
more “normalized” phenotype and a lower tumorigenic
potential, and the increased expression of EGF receptor
in MDR cells might be associated with reverse transfor-
mation.”” It remains unknown whether some drug-
resistant tumor cells with high expression of EGF recep-
tor can grow in vive after prolonged chemotherapy.
There appears to be no simple explanation for this dis-
crepancy of cellular levels of EGF receptor at present.
Acquisition of MDR might differentially affect the ex-
pression of the EGF receptor among the cell lines
used. Ganapathi et al have reported that progressive
acquisition of adriamycin-resistance by mouse melanoma
cells does not cause a significant change in their
tumorigenicity, but dose lower pulmonary metastasis for-
mation.’” The EGF receptor levels of their adriamycin-
resistant melanoma cells were not measured, but the
tumorigenicity of MDR clones appeared to vary among
the cell lines used.

One can ask how EGF-mediated cytotoxicity occurs,
and how the development of the MDR phenotype causes
a decreased expression of EGF-receptor on the cell sur-
face of KB-Cl cells. KB or C1-R2 cells show higher
susceptibility to the cytotoxic action of EGF itself than
KB-C1 cells. Hirai et al. have reported two squamous
cancer cell lines with amplified EGF receptor genes
whose growth is inhibited by 1-10 ng/ml EGF,” and
they isolated variants of EGF-dependent growth from
these cell lines. They suggested that loss of amplified EGF
receptor genes and efficient down-regulation of the cell
surface receptor might be involved in the acquisition of
EGF-resistant phenotype.’” We could not observe any
stimulatory effect by EGF on cell growth of KB, KB-Cl1
and C1-R2 when 107 ng/ml to 107 % ng/ml of EGF was
added (see Fig. 2 and unpublished data). Further study is
required to establish precisely the mechanism of EGF-
induced cytotoxic effects. On the other hand, altered
expression of members of a family of proteins during
acquisition of MDR phenotype'®™ might concomitantly
change EGF-receptor activity. Alternatively, develop-
ment of MDR phenotype might also change the expres-
sion of EGF-receptor, resulting in altered tumorige-
nicity. Cytogenetic analysis has shown the EGF receptor
gene to be located on human chromosome 7.°%%%
Acquisition of doxorubicin-resistance is associated with
alterations chromosome 7, and the mdr-1 gene is located
on the same chromosome 7. Collard et al. have also
shown that genes involved in invasion and metastasis
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are located on human chromosome 7.°% Selection of an
MDR clone by exposure to celchicine after mutagenesis
with ethylmethane sulfonate'® might cause concomitant
chromosomal alterations of chromosome 7 including the
mdr-1 gene and the EGF receptor gene. This possibility
is still highly speculative, and further cytogenetic anal-
ysis of the MDR clones will be necessary to confirm or
refute it.
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