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and the Cell Proliferation in Head and Neck Squamous Cell Carcinoma
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All-trans retinoic acid (RA) can be catabolized to polar metabolites by microsomal P450s (P450). The aim of this study was to
confirm if retinoic acid 4-hydroxylase (CYP26) is a P450 induced by RA and to investigate the role of cellular RA binding
proteins (CRABPs), using a slow catabolizer, AMC-HN-4, and a rapid catabolizer, AMC-HN-6. Also, we analyzed the effect of
RA catabolism on cell proliferation of head and neck squamous cell carcinoma (HNSCC) in vitro and in vivo. Both cell lines
weakly expressed CYP26 and CRABPs, but RA induced CYP26 only in AMC-HN-6. The sensitivity to RA was variable by the
amount of CYP26, and the rapid catabolism by CYP26 made AMC-HN-6 resistant to RA in vitro. In addition, The RA had a
stronger effect on the inhibition of tumor growth of AMC-HN-4 than that of AMC-HN-6 in vivo. Conclusively, the CYP26
activity might be one essential factor for the RA sensitivity, but in cells showing induction of CYP26, the RA sensitivity is

inversely related to the rate of RA catabolism.
Copyright 2002, Elsevier Science (USA). All rights reserved.

ETINOIDS, INCLUDING vitamin A and its synthetic
analogues, are known to suppress carcinogenesis in var-
ious epithelial tissues such as skin, bladder, lung, prostate, oral
cavity, and mammary glands.! Also retinoids inhibit cell pro-
liferation?> and differentiation® of squamous cell carcinomas
(SCC). In addition, retinoids can induce apoptosis in SCCs* and
prevent second primary cancers.> Thus, retinoids have been
used as a chemopreventive drug, but there are some limitations
for the clinical trial due to the interpatient variability, side-
effects, and the reversibility of the retinoid effects.¢

Microsomal P450s (P450) play an important role in retinoic
acid metabolism and maintenance of vitamin A homeostasis.
All-trans retinoic acid (RA), which is known as an active
metabolite of vitamin A, can be catabolized to polar metabo-
lites by human retinoic acid 4-hydroxylase (CYP26).” The
cellular retinoic acid binding proteins (CRABP) I and II have
been known to regulate intracellular RA concentration, trans-
port, and metabolism and to share a high degree of homology.?
Also, Boylan and Gudas® reported that the level of CRABP 1
determined the rate of RA catabolism in F9 teratocarcinoma
stem cells.

The rapid catabolism may be associated with resistance to
the retinoid therapy!? and with an increased risk of lung can-
cer.!! On the other hand, Takatsuka et al'? suggested the high
activity of polar metabolites for cell growth inhibition, indicat-
ing that the cell growth was inhibited more significantly in cells
that catabolized RA rapidly. Also, Sonneveld et al’ reported
that the activity of CYP closely corelated with the RA sensi-
tivity.” However, Van der Leede et al'? showed that the bio-
logical activity of the polar metabolites was equal to or lower
than that of RA, and RA, itself, was the most active retinoid,
and Isogai et al'# found that cell growth inhibition did not
correlate to RA metabolism.

Kim et al'> reported that P450 could be induced by RA in
some AMC-HN cell lines, in which RA was rapidly catab-
olized into polar metabolites. The aim of this study was to
confirm if CYP26 was a P450 induced by RA and to inves-
tigate the role of CRABPs in RA catabolism using a slow
catabolizer, AMC-HN-4, and a rapid catabolizer, AMC-
HN-6. Also, we analyzed the effect of RA catabolism on the
proliferation of head and neck squamous cell carcinoma
(HNSCC) in vitro and in vivo.
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MATERIALS AND METHODS
Cell Maintenance

HNSCC cell lines, AMC-HN-4 and —6, were established at our
laboratory from the patients with HNSCC.!¢ The cells were maintained
in Eagle’s minimum essential medium (MEM) supplemented with 1%
nonessential amino acid, 2 mmol/L L-glutamine, and 10% fetal bovine
serum (FBS) (Gibco, Life Technologies, Grand Island, NY). All cul-
tures were incubated at 37°C in a humidified atmosphere with 5% CO,.

Reverse Transcriptase-Polymerase Chain Reaction Analysis

The RA (1 wmol/L) treatment lasted for 3 days. Total RNA was
isolated by Trizol reagent (Gibco). Reverse transcriptase-polymerase
chain reaction (RT-PCR) was performed using the following primers
for CYP26, CRABP I, and CRABP II gene. The sense primer of CYP26
gene was 5'-TCC TCG CAC AAG CAG CGA AAG AAG GTG
ATT-3’, and the antisense primer was 5'-ATG TGG GTA GAG TCC
TAG GTA AGT-3'. Thirty-five cycles of PCR were performed under
the following conditions: 94°C, 30 seconds; 60°C, 1 minute; 72°C, 1
mintue; and the final extension at 72°C for 10 minutes. The sense
primer of CRABP I gene was 5'-CGG CAC CTG GAA GAT GCG
CA-3’, and the antisense primer was 5'-CCA CGT CAT CGG CGC
CAA ACTTG-3'. Forty cycles of PCR were performed under the
following conditions: 94°C, 45 seconds; 65°C, 45 seconds; 72°C, 90
seconds; and the final extension at 72°C for 10 minutes. The sense
primer of the CRABP II gene was 5'-CCC AAC TTC TCT GGC AAC
TGG A-3’, and the antisense primer was 5'-CTC TCG GAC GTA
GAC CCT GGT-3'". Forty cycles of PCR were performed under the
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following conditions: 94°C, 45 seconds; 65°C, 1 minute; 72°C, 90
seconds; and the final extension at 72°C for 10 minutes. Primers for
human B-actin were used as a control.

Cell Proliferation Assay

The cells were plated onto 96-well dishes without RA. There were
two 96-well plates, one in which the cell number/well was 10 and
another plate, in which it was 10%, Among these 96 wells, 48 were
treated with RA and the other 48 were wells for control. Twenty-four
hours later, I umol/L of RA (Sigma Chemical, St Louis, MO) was
added. Dimethyl sulfoxide (DMSO) was used as the solvent. RA was
melted in 10 L. DMSO and made 100 mL of 1 wmol/L solution with
the MEM media. Finally, the volume of media filled to each well was
100 pL, and DMSO was approximately 0.1 uL. After 3 days, the
culture media were replaced with the same conditioned media, and the
total period of drug treatment was 6 days. Cell proliferation was
measured using CellTiter 96 AQ,.... Non-Reactive Cell Proliferation
Assay (Promega Corp, Madison, WI). In brief, 20 uL of MTS/PMS
solution (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-
(4-sulfophenyl)-2H-tetrazolium/phenazine methosulfate) was added to
each well and incubated at 37°C in a humidified atmosphere with 5%
CO, for an additional 2 hours. The absorbance at 490 nm was recorded
with an enzyme-linked immunosorbent assay (ELISA) plate reader.
The cell proliferation (%) was calculated using the formula described
below. All experiments were repeated in triplicate.

Cell Proliferation =

Test group absorbance — Background absorbance
X 100

Control group absorbance — Background absorbance

The number of absorbance was the mean of 8 wells.

Tumor Xenograft Study

The AMC-HN-4 and -6 cells were harvested and resuspended in
culture media at a concentration of 1 X 107 cells/mL. The RA was
administered orally with an intragastric feeding tube in 0.1 mL of
sesame oil (Sigma) at a dose of 20 mg/kg before implantation of the
tumor.? On the same day, 5 X 10° cells were injected subcutaneously
into both axial regions of female athymic nude mice at 6 to 8 weeks of
age (Asan Institute for Life Science, Seoul, Korea). The RA was
administered PO daily for 6 days/week. The control groups received
sesame oil alone in the same way. Each group comprised 4 animals
each bearing 2 tumors. Tumor volume (length X width X height) was
measured with digimatic caliper (Mitutoyo Corp, Kawasaki, Japan).
Animals were killed to collect specimens 30 days after tumor implan-
tation.

High-Performance Liquid Chromatography Analysis of
Plasma and Culture Media

To analyze the change of plasma RA concentration in the tumor
xenograft study, blood was collected 1 hour after oral ingestion of RA
from another 5 nude mice weekly. A quantitative analysis of RA in
plasma was performed by high-performance liquid chromatography
(HPLC) as described by Bugge et al.!” Typically, 150 uL of a 1:1
(vol/vol%) mixture of acetonitrile and isobutyl alcohol was added to
150 pL of blood sample and vortexed for 1 minute. After the addition
of 100 uL of saturated K,HPO, solution and mixing for 1 minute, the
mixed samples were microcentrifuged for 3 minutes at room temper-
ature. The organic upper layer (150 nL) content was analyzed for RA
by Inertsil ODS-3 (25 cm X 4.6 mm) column (GL Science Inc, Tokyo,
Japan) with Cosmosil 5C,4-AR microguard (3 cm X 4.6 mm; Nacalai
Tesque Inc, Kyoto, Japan) using a liner gradient method. The mobile
phase A was acetonitril:0.02 mol/L ammonium acetate:acetic acid
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(1:1:0.01, vol/vol), and the mobile phase B was acetonitril:0.02 mol/L
ammonium acetate:acetic acid (19:1:0.008, vol/vol). At the initial con-
ditions of 100%, A was maintained for 10 minutes, and linear gradi-
ented to 100% B over 30 minutes. These final conditions were main-
tained for 5 minutes prior to a 5-minute reequilibration to the initial
conditions. Retinoids were detected by ultraviolet (UV) absorption at
365 nm (attenuation = 2). The quantitative analysis of RA was calcu-
lated by the standard curve of RA by the HPLC technique (10 ng/mL
sensitivity).

To analyze the change of RA concentration of the culture media in
the cell proliferation assay, the culture media were collected daily for
6 days, and culture conditions were the same as for the proliferation
assay. Quantitative analysis of RA in culture media was directly ana-
lyzed by the Inertsil ODS-3 (25 cm X 4.6 mm) column with Cosmosil
5C,¢-AR microguard (3 cm X 4.6 mm) without preparation.

Data Analysis

Statistical analyses were performed using the Wilcoxon rank sum
test to compare the amount of inhibition of cellular proliferation and the
unpaired Student’s 7 test with 2-tailed comparison to compare the
growth of tumor in the xenograft model.

RESULTS
Expression of CYP26 and CRABPs

The AMC-HN-4 and -6 cells themselves expressed CYP26
slightly without RA treatment. RA markedly increased the
expression of CYP26 in AMC-HN-6, but resulted in no change
of the CYP26 expression in AMC-HN-4. AMC-HN-4 and
AMC-HN-6 weakly expressed CRABP I, although the intensity
was a little stronger in AMC-HN-6, and RA decreased expres-
sion of CRABP I in both cell lines. Interestingly, RA markedly
increased CRABP II expression in AMC-HN-4 cells, but had
little effect on CRABP 1II expression in AMC-HN-6 cells (Fig
1). These results indicate that CYP26 was induced by RA only
in AMC-HN-6, and the RA-dependent increase in CRABP II
might have some role in the cellular sensitivity to RA.

Cell Proliferation and RA Concentration In Vitro

RA inhibited cell proliferation in both the cell lines, but the
sensitivity to RA was variable, depending on the CYP26 in-

AMC-HN-4 AMC-HN-6
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Fig 1. The expression of CYP26 and CRABPs. AMC-HN-4 and -6
expressed CYP26 and CRABPs slightly without RA treatment. RA
markedly increased the expression of CYP26 only in AMC-HN-6. RA

decreased the expression of CRABP I in both cell lines and increased
the expression of CRABP Il in AMC-HN-4.
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Fig 2. The cell proliferation in the event of culturing 10° cells. RA
inhibited the cell proliferation in both cell lines. Although the cell
proliferation of AMC-HN-6 was slightly increased in a 6-day treat-
ment compared with a 3-day treatment, the inhibitory effect of cell
proliferation was nearly the same in both cell lines in the event of
culturing for 6 days (P > .1). Results are mean = SD.

duction and the number of cultured cells. The slow catabolizer,
AMC-HN-4, did not exhibit a significant difference in the
amount of inhibition of cell proliferation by RA according to
the cultured cell number (Figs 2 and 3). Six days after treatment
with 1 wmol/L RA, the fractions of cellular proliferation of 10°
and 10* AMC-HN-4 cells were 63.9% and 46.6%, respectively
(P > .1). The RA concentrations of media, measured during 6
days, were always more than 270 ng/mL irrespective of cell
number. These results indicate that the slow catabolizer, AMC-
HN-4, is sensitive to RA.

However, the rapid catabolizer, AMC-HN-6, showed a dif-
ferent pattern. As shown in Fig 4, the RA concentration in
media was rapidly decreased, and the rate of catabolism was

—@ AMC-HN-4 (1x104) + RA 1IuM
—O— AMC-HN-6 (1x104) + RA 1uM
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Fig 3. The cell proliferation in the event of culturing 10* cells. In
AMC-HN-4, cell proliferation was continuously inhibited until the 6th
day, but AMC-HN-6 was resistant to RA after 3 days, and cell prolif-
eration was slightly increased in a 6-day treatment compared with a
3-day treatment (P < .1). Results are mean = SD.
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Fig4. RA concentration (ng/mL) of media in the event of culturing
10* cells of AMC-HN-4. RA concentration was rapidly decreased in
both conditions. However, the rate of catabolism was more rapid in
the event of culturing 10* cells, and RA was not detected in media
after 3 days. Results are mean * SD.

different with the cultured cell number. The difference in the
cell number indicates a difference in the amount of induced
CYP26. In other words, if 10-fold more of CYP26 had been
induced in the culture of 10* cells, compared with the culture of
10° cells, this difference might have affected the rate of RA
catabolism to the same extent.

Interestingly, the rate of RA catabolism also affected inhi-
bition of cell proliferation. Although there was no difference in
the sensitivity to RA between AMC-HN-4 and AMC-HN-6 in
the culture of 10° cells (Fig 2) (P > .1), 2 cell lines showed a
significant difference in the event of a 10-fold increase of the
cell number (P < .1). In AMC-HN-4, cell proliferation was
continuously inhibited until day 6, but AMC-HN-6 was resis-
tant to RA after 3 days, and cell proliferation was slightly
increased by a 6-day treatment compared with a 3-day treat-
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Fig 5. The effect of RA on tumor growth in vivo. Tumor volumes
were decreased to 40% by RA after 30 days of AMC-HN-4 implanta-
tion (P < .05; n = 8). Results are mean =+ SD.
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Fig 6. RA decreased tumor volumes by 52% after 30 days of
AMC-HN-6 implantation (P > .05; n = 8). Results are mean + SD.

ment (Fig 3). Figure 4 explains why AMC-HN-4 and -6
showed the different sensitivities to RA. In the experiment with
10* cells in the culture, RA was not detected in culture media
after 3 days. These results indicate that CYP26 rapidly catab-
olized RA, and RA resistance in AMC-HN-6 was developed
due to the rapid disappearance of RA in media.

Effects of RA on Tumor Growth In Vivo and Plasma
Concentration of RA

Figure 5 shows the effect of RA on tumor growth of AMC-
HN-4. The tumor volume was decreased to 40% by RA 30 days
after tumor implantation (P < .05; n = 8). Although the
inhibition of tumor by RA was less in AMC-HN-6 than in
AMC-HN-4, RA decreased tumor volume by 52% 30 days after
the AMC-HN-6 implantation (P > .05; n = 8) (Fig 6). Al-
though a blood sample was collected 1 hour after the oral
ingestion of RA, the plasma concentration of RA was main-
tained at above 500 ng/mL for 4 weeks. RA is mainly catabo-
lized in the liver, and the catabolism in the implanted tumor
cells might not affect the plasma concentration of RA in vivo.
Therefore, an in vivo study may reflect the sensitivity to RA
more accurately than an in vitro study. These results indicate
that RA inhibited tumor growth of AMC-HN-4 more than that
of AMC-HN-6, and the rapid catabolism of RA in AMC-HN-6
itself might have decreased the sensitivity to RA in vivo.

DISCUSSION

RA can induce human RA CYP26 in some cells, which is
known to be highly specific for RA.7 Our results showed that RA
induced CYP26 in AMC-HN-6, and we confirmed that the CYP26
was also a main P450 involved in rapid catabolism in HNSCCs.
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The CRABPs have been known to regulate intracellular RA
concentration, transport, and metabolism and to share a high
degree of homology.® The expression pattern of CRABPs was
various in HNSCCs.? Boylan and Gudas® reported that the level
of CRABP I determined the rate of RA catabolism. Giannini et
al? reported that the RA-resistant SCC cell line, CCL-17, did
not express CRABP 1. However, CRABP I may not be directly
involved in the retinoid receptor-mediated RA-signaling path-
way.'8 AMC-HN-6 expressed CRABP I, but RA decreased that
expression. Also, a previous experiment demonstrated that RA
catabolism was continued for 4 days only in AMC-HN-6.'5
These results suggest that CRABP I may not be essential for
RA catabolism by CYP26, at least in AMC-HN-6.

CRABP II, which shows a large increase after introduction
of RA, is generally thought to be a protein that mediates
intracellular regulatory activities of RA." In 1992, Busch et
al?% reported decreased CRABP I and increased CRABP II
expression after topical application of RA on the keratinocytes.
Our study showed similar results as the previous reports. How-
ever, there is still a lot of controversy about the role of CRABP
IT in RA activities.

The effect of RA on cell proliferation is various, and one of
the causes might be the extent of RA metabolism.!>!3 Although
Isogai et al'# reported no correlation with cell growth inhibi-
tion, Takatsuka et al'?> reported that cells, which catabolized
RA rapidly, were more sensitive to RA, and the polar metab-
olites might be more potent. Also, Sonneveld et al” showed that
the CYP26 activity was closely correlated with RA sensitivity
in the breast cancer cells. These reports were opposite to our
results. We think that AMC-HN-4 may be in the category of
rapid catabolizers by the definition of Takatsuka et al,'? be-
cause AMC-HN-4 has the CYP26 activity and expresses
CRABP I, although the rate of catabolism is considerably lower
than that of AMC-HN-6. Therefore, the CYP26 activity might
be one essential factor for the RA sensitivity of cells. However,
as the rate of RA catabolism was too rapid in AMC-HN-6, RA
was not detected in culture media after the third day, and the
RA concentration of culture media was inversely related to the
cell proliferation. In addition, RA decreased the tumor growth
of AMC-HN-4 more in the xenograft model than that of AMC-
HN-6, and AMC-HN-4 was also more sensitive to RA in vivo.
These results suggest that the rate of RA catabolism might be
another factor that determines the RA sensitivity in cells show-
ing CYP26 activity. In addition, our results support those of
van der Leede et al'3 in that RA was a more active metabolite,
and the mechanism that activates the rapid catabolism might
prevent the cells from continuous exposure to RA.

We conclude that CYP26 activity might be one essential factor
for RA sensitivity, but in cells showing induction of CYP26, the
RA sensitivity is inversely related to the rate of RA catabolism.
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