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Abstract

Background—Achaete-Scute Complex-Like 1 (ASCL1) is a transcription factor important in the
malignant development of Medullary Thyroid Cancer (MTC). Activation of Raf-1 signaling is
associated with ASCL1 suppression and growth inhibition. Xanthohumol, a natural compound, has
recently been shown to have anti-cancer properties. We thus hypothesized that Xanthohumol that
would suppress growth by activating Raf-1 signaling, thus altering the malignant phenotype of MTC.

Methods—Human MTC cells were treated with Xanthohumol (0-30 uM) for up to 6 days.
Proliferation was measured by a MTT colorimetric assay. Western blot analysis was performed for
ASCL1 and markers of Raf-1 pathway activation.

Results—Treatment of MTC cells with Xanthohumol resulted in a dose dependent inhibition of
growth. Additionally, induction of phosphorylated ERK1/2 and a reduction of ASCL1 protein was
noted.

Conclusions—Xanthohumol is a potent Raf-1 activator in MTC cells. This compound suppresses
MTC growth, alters the malignant phenotype and warrants further pre-clinical study.
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Introduction

Medullary thyroid cancer (MTC) is a neuroendocrine tumor (NET) derived from the calcitonin
producing thyroid C cells and accounts for 3-5% of all cases of thyroid cancer 1: 2. While early
surgery is potentially curative, more than 50% of patients with MTC will have persistent
disease, manifested by elevated post-operative calcitonin levels 3. While reoperation maybe
potentially curative in patients with disease confined to local lymph nodes, there is no current
therapy for widely metastatic disease4- °. Additionally, the many debilitating symptoms
associated with MTC, such as airway obstruction and diarrhea, are also difficult to treat.
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Our group has had a long standing interest in the role of Achaete-Scute Complex-Like 1
(ASCL1Y) in neuroendocrine tumorigenesis. A basic helix-loop-helix transcription factor that
plays an essential role in the development of the central and peripheral nervous systems,
ASCL1 is critical in neuroendocrine tissue 8 7. We have previously shown that that ASCL1
is not present in normal adult tissue but is highly expressed in a subset of NETS that include
MTCB8: 9. Knockout ASCL1 —/— mice have vastly reduced numbers of thyroid C-cells,
suggesting a critical role for ASCL1 in C-cell development1. Given the important role of
ASCL1 in MTC, pathways that control expression of this transcription factor are thus of
particular interest.

Previous work by our group, using an artificial overexpression model, has shown that activation
of the Raf-1/MEK 1/2 (Mitogen-activated protein kinase kinase)/ERK 1/2 (extracellular
regulated kinase) pathway can alter the expression of ASCL1 in human MTC cells’. Briefly,
active Raf-1 triggers a phosphorylation cascade that results in the phosphorylation of ERK1/2,
an intracellular effector moleculell. In order to elucidate the importance of this pathway in
MTC, our group established an estrogen inducible Raf-1 overexpression model using the
human MTC cell line TT7. Induction of Raf-1 signaling with estrogen leads to a progressive
induction of phosphorylated ERK1/2 and suppression of ASCL1 in vitro and in vivo’: 12, The
identification of Raf-1 pathway activating drugs would therefore provide potential therapeutic
options for patients with intractable MTC.

Xanthohumol (XN) is a prenylated chalcone derived from hops (Humulus lupus) and has
recently shown promise as a potential chemotherapeutic agent in a variety of human
malignancies 13716, Anti-cancer action has been noted in prostate cancer, a variety of
hematologic malignancies, melanoma and hepatocellular carcinomal3-16 As such, we
hypothesized that Xanthohumol would be able to suppress the growth of human MTC and alter
the expression of the key transcription factor ASCL1. We additionally hypothesized that these
anti-cancer effects would be associated with activation of the Raf-1 pathway, a known tumor
suppressing pathway in MTC.

Materials and Methods

Cell Culture and Cell Proliferation Assay

Human MTC cells (TT) were obtained from American Type Culture Collection (Manassas,
VA) and maintained as previously described17. MTC cell proliferation was measured by the
methylthiazolyldiphenyl-tetrazolium bromide (MTT) (Sigma-Aldrich, St. Louis, MO) rapid
colorimetric assay as previously described 17. Briefly, cells were seeded on 24-well plates and
incubated for 24 hours under standard conditions. The cells were then treated with
Xanthohumol (Sigma-Aldrich), 0-30 uM, in quadruplicate and incubated for up to 6 days. The
MTT assay was performed every 2 days by replacing the standard medium with 250 pL of
serum-free medium containing MTT (0.5 mg/mL) and incubated at 37°C for 4 hours. After
incubation, 750 pL of dimethyl sulfoxide (DMSQO; Sigma-Aldrich) was added to each well and
mixed thoroughly. The plates were then measured at 540 nm using a spectrophotometer
(nQuant; Bio-Tek Instruments, Winooski, VT).

Western Blot Analysis

TT cells were treated with XN (0-30 uM) for 48 hours and whole cell lysates were prepared
as previously described 17. Total protein concentrations were quantified with a bicinchoninic
acid assay kit (Pierce Biotechnology, Rockford, IL). Denatured cellular extracts were resolved
by sodium dodecyl sulfate polyacrylamide gel electrophoresis, transferred onto nitrocellulose
membranes (Bio-Rad, Hercules, CA), blocked in milk, and incubated with appropriate
antibodies as previously described18. The following primary antibody dilutions were used:
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1:1,000 for ASCL1 (BD Pharmingen, San Diego, CA), phospho-ERK1/2 and total ERK1/2
(Cell Signaling Technology, Beverly, MA) and 1:10,000 for Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (Trevigen, Gaithersburg, MD). Horseradish peroxidase conjugated
goat anti-rabbit or goat anti-mouse secondary antibodies (Cell Signaling) were used, depending
on the source of the primary antibody. For visualization of the protein signal, Immun-star HRP
substrate (Bio-Rad Laboratories) or SuperSignal West Femto (Pierce Biotechnology) kits were
used, according to the manufacturer’s instructions, and then the blots were exposed to x-ray
films.

Xanthohumol inhibits MTC proliferation

Previous studies have suggested that XN is capable of suppressing the in vitro growth of a
variety of other cancer lines3~16, Based upon this work, we hypothesized that XN would be
capable of suppressing TT proliferation in vitro. To test this hypothesis we plated human TT
cells as described above and treated them with increasing doses of XN. A statistically
significant, dose dependent inhibition of growth was observed Figure 1. Significant growth
inhibition was noted with 20 and 30 uM after 4 days of treatment and with all doses of XN
after 6 days of treatment (p < 0.05). These data suggest that XN is capable of inhibiting the
proliferation of MTC cells.

Xanthohumol alters the malignant phenotype

After showing that there was a significant inhibition of growth by the MTT assay, we were
next interested in determining if XN could alter the malignant phenotype. As mentioned,
ASCL1 plays an important role in the malignant development of MTC and can be viewed as
an important marker of malignancy’: 1°. Western blot analysis was performed for ASCL1 on
TT cells treated for 4 days with increasing doses of XN. A modest inhibition of ASCL1 was
noted after treatment with 10 uM XN, while treatment with either 20 or 30 pM resulted in
almost no detectable ASCL1 Figure 2A. This suggests that XN treatment is able to alter the
expression of this MTC transcription factor.

Xanthohumol induces the phosphorylation of ERK1/2

Activation of the Raf-1 pathway, as evidenced by phosphorylation of ERK1/2 has been shown
to be a potent tumor suppressor in MTC both in vitro and in vivo’: 12, Western blot analysis
for phosphorylated ERK1/2 was performed on TT cells treated with XN for 4 days, as a marker
of Raf-1 pathway activation. A dose dependent induction in phosphorylated ERK1/2 was
observed with no change in total ERK 1/2 Figure 2B. These finding suggest that XN induces
the phosphorylation of ERK1/2, suggesting it is capable of activating the Raf-1 pathway, a
known tumor suppressor in MTC.

Discussion

The significant morbidity associated with metastatic MTC as well as the lack of viable
treatment options highlights the importance of novel therapeutic strategies 1: 20, While MTC
accounts for only 3-5% of thyroid malignancies, it is responsible for approximately 14% of
deaths?: 2: 20, patients typically suffer from a variety of endocrinopathies and, though
potentially curative, surgical resection may not be possible with metastatic diseasel: 2: 20,

Important in the malignant development of MTC, ASCL1 can be modulated through
overexpression of active Raf-17. This modulation can also be accomplished in a nude mouse
xenograft model2. The potential to alter the phenotype and suppress the growth of MTC makes
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identification of compounds that can activate Raf-1 signaling an important strategy in the
treatment of MTC.

We present here our data suggesting that XN, a natural compound derived from hops, is capable
of inducing phosphorylated ERK1/2, and that this activation is associated with an alteration in
the malignant phenotype and significant growth suppression. It appears that treatment with 10
uM XN efficiently induces Raf-1 pathway activation. This low level activation, however, is

associated only with a minimal amount of growth and ASCL1 suppression after 4 days, though
significant growth inhibition is observed at 6 days. Likely the low dose coupled with the slow
proliferation rate of TT cells is the basis of this observation and these finding support the fact
that XN can alter the growth and malignant phenotype of MTC in a dose dependent fashion.

In summary, XN is shown here to alter the malignant phenotype and suppress the growth of
MTC. These changes are associated with induction of phosphorylated ERK1/2, a marker of a
proven tumor-suppressing pathway. Given the relative non-toxic nature of XN, these data
suggest that XN is an attractive target for additional pre-clinical investigation.
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concentrations for up to 6 days. Cell viability was determined by the MTT colorimetric assay.
Experiments were performed in quadruplicate and data are plotted as mean + SEM. Treatments

were significantly different from control after 4 days of treatment with 20 uM and 30 pM and
6 days of treatment with all doses (p
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Figure 2.

Figure 2A. XN suppresses the level of ASCL1 protein in MTC cells. Human MTC cells were
treated for 4 days with the indicated doses of XN and western blot analysis for ASCL1 was
performed. A dose dependent suppression of ASCL1 was observed. GAPDH is included as a
loading control.

Figure 2B. XN induces phosphorylation of ERK1/2 in human MTC cells. Human MTC cells
were treated for 4 days with the indicated doses of XN and western blot analysis performed
for phosphorylated and total ERK1/2. A dose dependent increase in the proportion of
phosphorylated ERK1/2 was observed, along with no change in total ERK 1/2. GAPDH is
included as a loading control.
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