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Abstract
Background—Phytochemicals are an important source of emerging preventive and therapeutic
agents for cancer. Triptolide/PG490, an extract of the Chinese herb Tripterygium wilfordii Hook
F, is a potent anti-inflammatory agent that also possesses anticancer activity. While its anti-
proliferative effects are well-established, the potential anti-migratory effects of triptolide have not
been characterized.

Material and Methods—Effects of triptolide on the proliferation and invasion of colon cancer
cells and expression of cancer-related genes and proteins were assessed.

Results—Triptolide potently inhibited HT29 and HCT116 colon cancer cell growth and reduced
basal and stimulated HCT116 migration through collagen by 65–80%. Triptolide inhibited mRNA
expression of the positive cell cycle regulatory genes c-myc, and A, B, C, and D-type cyclins in
multiple colon cancer cell lines. Additionally, we show that triptolide treatment decreased
expression of VEGF and COX-2, which promote cancer progression and invasion, and inhibited
the expression of multiple cytokine receptors potentially involved in cell migration and cancer
metastasis, including the thrombin receptor, CXCR4, TNF receptors and TGF-β receptors.

Conclusions—Triptolide is a potent inhibitor of colon cancer proliferation and migration in
vitro. The downregulation of multiple cytokine receptors, in combination with inhibition of
COX-2 and VEGF and positive cell cycle regulators, may contribute to the anti-metastatic action
of this herbal extract.
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INTRODUCTION
The link between chronic inflammation and tumor progression is now a well accepted
concept (1,2). A number of growth factors and cytokines, secreted by the tumor cells or by
the surrounding local stroma, have important roles in tumor progression and metastasis (3).
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For example, the chemokine receptor CXCR4 is ubiquitously expressed in leukocytes but
not in most normal tissues, and its ligand CXCL12 is constitutively expressed in many
normal, nonmalignant tissues. CXCR4 expression has been described in many types of
human cancers and is generally associated with metastasis to lymph nodes or other sites
such as lung, liver, or bone (4). The inducible cyclooxygenase-2 (COX-2) enzyme is also
involved in cross-talk with the inflammatory stroma in colorectal cancer (CRC), resulting in
promotion of angiogenesis, cell survival, proliferation, migration, and invasion (5).

Natural plant-derived compounds are an attractive class of investigational agents for cancer
prevention and treatment. Herbal extracts may modify biologic responses to classical
chemotherapy agents and influence multiple signaling pathways; their actions likely include
anti-inflammatory, antiproliferative, anti-angiogenic, pro-apoptotic, and/or anti-metastatic
effects (6–8). Triptolide (TRP), also known as PG490, is the principal active compound
from the roots of a vine native to southern China and Taiwan, Tripterygium wilfordii Hook.
F (9). TRP, a diterpenoid triepoxide, has been used as an anti-inflammatory agent for
diseases such as rheumatoid arthritis for centuries in Chinese natural medicine (9). A water-
soluble form of TRP, PG490-88, entered Phase I clinical trials for therapy against solid
tumors in 2002 (10). Gastrointestinal toxicity has been a limiting factor to the widespread
use of this herb; however, synthetic analogues and novel formulations with reduced toxicity
are currently being investigated (11). The anti-cancer mechanisms of TRP are only partially
understood. Effects on apoptotic and cell cycle regulatory proteins have been shown in
multiple cancer cell types. Inhibition of transcription factors NFAT and NF-κB by TRP has
also been demonstrated, leading to reduced expression of a wide variety of genes regulated
by these factors (9). Mechanisms by which TRP may prevent or treat metastasis of solid
tumors have not specifically been examined.

We previously showed that curcumin, another herbal extract with anticancer properties,
inhibits interleukin-8 secretion and migration of CRC cells (12). The purpose of our present
study was to determine if TRP also possesses anti-migratory properties in addition to its
established and potent anti-inflammatory and anti-proliferative actions. Here, we found that
TRP inhibited CRC cell migration as well as proliferation. The expression of positive cell
cycle regulators c-Myc and the cyclins were decreased in CRC cell lines. TRP also
suppressed expression of the pro-invasive factors vascular endothelial growth factor (VEGF)
and COX-2. Lastly, we found that TRP inhibited expression of multiple growth factor and
cytokine receptors in CRC cells, including CXCR4, transforming growth factor-β (TGF-β), )
and thrombin receptors. Our results identify multiple molecular mechanisms to explain the
anti-proliferative and anti-cancer effects of TRP.

MATERIALS AND METHODS
Materials

Neurotensin (NT), epidermal growth factor (EGF), DMSO, TRP, and anti-β-actin antibody
were purchased from Sigma (St. Louis, MO). COX-2 and horseradish peroxidase-conjugated
secondary antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA). Enhanced chemiluminescence reagents were from GE Healthcare (formerly
Amersham Biosciences; Piscataway, NJ). Collagen type I was from BD Biosciences
(Bedford, MA). Costar Transwell inserts were from Corning, Inc. (Lowell, MA). Supplies
and reagents for gel electrophoresis were from Invitrogen (Carlsbad, CA). The RPA III kit
for RNase protection assay (RPA) and MAXIscript kit for probe hybridization were from
Ambion (Austin, TX). Ultraspec RNA isolation reagent was from Biotecx (Houston, TX).
Mutli-probe template sets for RPA were from BD Pharmingen (San Diego, CA).
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Cell culture
Human CRC cell lines HCT116, HT29, and SW620 were from American Type Culture
Collection (Manassas, VA). HCT116 and HT29 cells were maintained in McCoy’s 5A
medium supplemented with 10% fetal bovine serum (FBS), 1000 U/mL penicillin, 100 μg/
mL streptomycin, and 0.25 μg/mL amphotericin B. SW620 cells were maintained in a 50:50
mixture of Liebovitz L-15 and DMEM with 10% FBS. The human CRC cell line KM20 was
obtained from Dr. Isaiah Fidler (M. D. Anderson Cancer Center, Houston, TX) and grown in
MEM supplemented with MEM essential vitamin mixture, MEM non-essential amino acids,
100 mM sodium pyruvate, and 10% FBS. All cells were maintained at 37°C with 5% CO2
mixed with air. Subconfluent cells were serum-starved overnight before all experiments
unless indicated otherwise.

Cell proliferation assays
A cell proliferation assay measuring total DNA content was performed using crystal violet
dye. Briefly, HCT116 and HT29 cells (1×105) were plated in 12-well plates and allowed to
adhere overnight. Cells were treated with TRP or DMSO in serum-free media containing
0.5% bovine serum albumin (BSA) and, after 24, 48, and 72 h, the media was removed and
wells for each condition, in triplicate, were fixed and stained. A staining solution containing
20% methanol and 0.5% crystal violet was added to each well, incubated for 30 min at room
temperature, and rinsed thoroughly. After air-drying, a constant volume of 15% acetic acid
solution was added to each well to solubilize the dye. The plates were placed on an orbital
shaker until all dye was completely dissolved. Equal aliquots from each well were
transferred to a 96-well plate and their absorbance was read at 570 nm.

Collagen invasion assays
Modified Boyden chamber assays were performed using Transwell inserts (8 μm pore size,
polycarbonate membrane, 6.5 mm diameter). Both sides of each Transwell membrane were
coated with collagen type I at a concentration of 15 μg/mL for 30 min at 37 °C, then
nonspecific binding sites were blocked by incubation in 2% BSA for 30 min at 37°C.
HCT116 cells (1×105 in serum-free media) were seeded into the top chamber with drug
treatments and chemoattractant in serum-free media was added to the well below the
chamber. Cells were treated with TRP (25, 50, and 100 nM), and EGF (20 ng/mL) or NT
(100 nM) was used as a chemoattractant. Chambers were incubated 6–12 h and then the
cells inside the chamber were removed from the upper side of the membrane with a cotton-
tipped swab. The membranes were fixed with 100% methanol, stained with 0.5% crystal
violet, and a minimum of 4 high-power fields per membrane were counted under a
microscope. Transwells were plated in triplicate and each experiment was repeated on three
separate occasions with similar results.

RNA isolation and RPAs
HCT116, KM20, HT29, or SW480 cells were treated with TRP for 16–24 h and RNA was
then isolated using Ultraspec RNA reagent according to the manufacturer’s protocol.
[α-32P]UTP-labeled antisense RNA probe was prepared using the multiprobe template sets
Angio-1, h-myc, hcyc-1, hcR-4, and hcc-2 and MAXI-script SP6/T7 in vitro transcription
kit. RPAs were performed using the RPA III RNase protection kit according to the
manufacturer’s recommendations and as we have previously described (13,14). Finally,
samples were analyzed by electrophoresis on 5% denaturing polyacrylamide gels and
detected by autoradiography.
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Western blotting
Whole-cell lysates were prepared using cell lysis buffer supplemented with protease
inhibitor cocktail and 1 mM PMSF. Protein concentrations were measured using the
Bradford assay (15) and protein (50 μg) was resolved by polyacrylamide gel electrophoresis
as we have previously described (16). Briefly, after electrotransfer to polyvinylidene
difluoride membranes, nonspecific binding sites were blocked with 5% nonfat milk in TBST
for 1 h at room temperature. Membranes were incubated with primary antibodies overnight
at 4°C, washed with TBST, and then incubated with the appropriate HRP-conjugated
secondary antibody for 1 h at room temperature. Immune complexes were visualized using
enhanced chemiluminescence. Consistent loading and transfer were confirmed by probing
the same membrane with anti-β-actin. Data are representative of three independent
experiments with similar results.

Statistical analysis
The dose effects of TRP on HCT116 and HT29 cell growth were analyzed, separately for
each time point (24, 48 or 72 h) using one-way classification analysis of variance
(ANOVA). The factor was TRP dose (0, 25, 50 or 100 nM). The effect of TRP removal on
HT29 cell growth was also analyzed using ANOVA separately for each time point; the
factor was time of drug removal (0, 24 or 72 h). The effect of TRP on migration was
analyzed using ANOVA for a two-factor experiment (for one dose in multiple conditions),
with the two factors being TRP and chemoattractant. The dose effect of TRP was analyzed
using a one-way ANOVA. The factor was TRP dose (0, 25, 50 or 100 nM). The factors were
assessed at the 0.05 level of significance. Multiple comparisons were conducted using a t
statistic with the standard error computed from the residual mean square in the analysis of
variance and the comparisonwise error rate with Bonferroni adjustment for the number of
comparisons. Statistical computations were carried out using PROC GLM in SAS®,
Release9.1 (17).

RESULTS
Triptolide inhibits CRC cell growth

TRP has been shown to inhibit proliferation, induce apoptosis and sensitize other cancer cell
types to chemotherapeutic agents in vitro and in vivo (18–22). In our current study, we
examined the effects of TRP on human CRC cells. HCT116 cells were plated in triplicate
wells of 24-well plates and treated with TRP 25, 50, and 100 nM in serum-free media
containing 0.5% BSA. Cell quantity by crystal violet DNA staining was assessed at 24, 48,
and 72 h. Cell growth was inhibited by ~60% after 24 h and 95% after 72 h by all doses of
TRP; the antiproliferative effect of TRP (25–100 nM) was significant compared to the
vehicle treatment at each time point (Fig. 1A). The same experiment was performed in
HT29 cells (Fig. 1B) and KM20 cells (data not shown). The antiproliferative effect of TRP
appears less pronounced in HT29 than in HCT116 cells; however, this is most likely due to
an increased DNA content in HT29 cells, which results in higher crystal violet absorbance
values at baseline.

We further questioned whether or not the growth arrest induced by TRP would persist
despite withdrawal of the drug. We treated HT29 cells with TRP (25 nM) for 24 h and
subsequently half of the TRP-treated wells were changed to serum-free (control) media for
the remainder of the experiment. The growth inhibition effect persisted even after
withdrawal of TRP, as demonstrated by decreasing crystal violet absorbance at 48 and 72h
(Fig. 1C). However, the cells with continued TRP treatment demonstrated significantly less
cell viability than the treatment withdrawal group at 48 and 72 h.
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Triptolide suppresses cell cycle regulatory proteins
We next sought to examine the mechanisms contributing to the antiproliferative effects of
TRP in CRC cells. One mechanism for promoting apoptosis in cancer cells is growth arrest
by inhibition of positive cell cycle regulators (23). The kinase cyclin B controls the G2-M
transition of the cell cycle, while cyclins A and D are necessary for the G1-S progression to
occur. We used RPA to simultaneously study expression of multiple cell cycle control genes
in CRC cells (Fig. 2). Expression of cyclins A, B, C, D1, and D3 were all markedly
suppressed in HT29 and KM20 cells after overnight treatment with TRP. The levels of the
housekeeping genes L32 and GAPDH were constant, demonstrating equal RNA loading.
The inhibition of expression of multiple cyclins by TRP is likely to contribute to cell cycle
arrest and subsequent apoptosis of CRC cells.

Additional RPA analyses using the h-myc probe which contains cDNAs for the proto-
oncogenes c-Myc, l-Myc, n-Myc and other related transcription factors including Max and
Mad demonstrate that c-Myc is the most highly expressed mRNA among this group in
HCT116, HT29, and SW620 cells (Fig. 2B). Expression of c-Myc was completely inhibited
by overnight treatment with TRP. L-Myc was inhibited in these CRC cells as well, though its
baseline expression was much lower than c-Myc. N-myc was detected only in HCT116 cells,
but its expression was also suppressed by TRP. The myc oncogenes act to drive cellular
proliferation, so their decreased expression probably contributes to the antiproliferative
effects of TRP. The levels of Max, Mad, and sin3 were also decreased by TRP treatment,
however the specific roles of these myc-related transcription factors in CRC have not yet
been elucidated.

Triptolide inhibits NT and EGF-stimulated migration of HCT116 colon cancer cells
Next, we sought to determine whether TRP inhibited cancer cell migration or invasion, as
we recently showed for curcumin, another anti-inflammatory herbal extract (12). NT and
EGF were used as chemoattractants for in vitro migration assays since they are both
mitogenic for colon cancer cells but act through distinct classes of receptors. TRP
significantly inhibited NT- and EGF-stimulated invasion through collagen-coated
membranes by HCT116 cells at a dose of 50 nM in overnight chamber assays (Fig. 3A). A
shorter assay (6 h incubation) was performed to ensure that the suppression of migration was
not due to the antiproliferative effects; TRP still inhibited migration by approximately 70%
in this shorter assay (Fig. 3B).

Triptolide decreases expression of the pro-inflammatory and pro-invasive gene COX-2
We next examined potential mechanisms by which TRP decreases migration of CRC cells,
possibly contributing to reduced tumor invasion. COX-2 is over-expressed in up to 85% of
colon cancers and is associated with advanced clinical stage and distant metastasis of human
colon cancers (24,25). Therefore, we investigated the effects of TRP on COX-2 expression
in HT29 and HCT116 cells by Western and Northern blotting. A decrease in COX-2 protein
levels after 8 and 24 h TRP treatment in HT29 cells is shown in Fig. 4A, with β-actin probed
on the same membrane to demonstrate equal loading. Similar inhibition of COX-2
expression was noted in HCT116 cells (data not shown). We also noted a decrease in
COX-2 mRNA expression at 8 and 24 h in HT29 cells, with the 28S ribosomal subunit RNA
shown as a loading control (Fig. 4B). The reduction in COX-2 expression at both the RNA
and protein level by TRP is likely to contribute to the reduced invasive capacity of CRC
cells.
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Triptolide decreases expression of cytokine receptors and VEGF in CRC cells
We examined TRP-induced changes in expression of angiogenesis-related genes and pro-
invasive cytokine receptors using RPA. CXCR4 is a chemokine receptor that plays a critical
role in metastasis of many types of cancer, including CRC (26,27). We found that CXCR4
mRNA expression was reduced in HT29, KM20, and SW620 cells after 24 h of TRP
treatment (Fig. 5A). The CX3CR1 receptor was expressed only in SW620 cells, but its
expression was also inhibited by TRP.

We next investigated the expression of interleukin, TNF-α and TGF-β family receptors (Fig.
5B). The TNF receptor p55 subunit (TNFRp55) was highly expressed in all 4 CRC cell lines
tested, and its expression universally inhibited by TRP. The IL-6 receptor α subunit
(IL-6Rα) was minimally expressed except in the SW620 cells, where its strong expression
was inhibited by TRP treatment. GP130, a co-receptor for the IL-6 family cytokines, was
expressed and inhibited by TRP in all 4 cell lines. Both TGF-β receptor subunits (TGF βRI
and TGFβRII) were also universally expressed in CRC cells and inhibited by TRP.

Lastly, the Angio-1 RPA probe was used to examine angiogenesis-related genes that
contribute to CRC invasive capacity. We found that VEGF and the thrombin receptor was
expressed in HT29, KM20, and HCT116 cells and their mRNA expression was inhibited by
24h treatment with TRP (Fig. 5C). The decrease in VEGF levels after TRP treatment should
contribute to its anticancer efficacy through blockade of neoangiogenesis, whereas the
reduced thrombin receptor levels may impede migration of cancer cells toward sources of
the potent chemokine and coagulant protein, thrombin.

DISCUSSION
Naturally-occuring, plant-derived compounds are increasingly being investigated as
potential therapies at a time when new preventive or therapeutic agents for cancer are
desperately needed (28). Phytochemicals that influence multiple signaling pathways often
enhance the activity of conventional chemotherapy and radiation therapy and may be used in
lower doses when such synergistic effects are present (6). In our current study, we show that
TRP inhibits expression of the cyclin genes, c-myc, COX-2, and VEGF in CRC cells.
Additionally, we found that TRP inhibited expression of multiple cytokine receptors,
including thrombin, CXCR4, TGF-β, TNF-α, and IL-6. The combination of these cellular
effects likely contributes to the potent anti-cancer actions of TRP.

TRP has been shown to induce apoptosis in certain tumor cells, although its precise cellular
target(s) remain unclear (29). In our current study, we show that TRP has anti-proliferative
effects in CRC cells, inhibiting cell growth by 60–95% in a time-dependent fashion. These
results are similar to findings in other cancer cells, including the CRC cell line SW114 (30),
human fibrosarcoma and cervical carcinoma cells (31). We additionally demonstrated
inhibition of cyclins A, B, C, D1, and D3 by TRP, which leads to cell cycle arrest during G1
(cyclin D1 and D3), at the G1/S transition (cyclin A) or the G2/M checkpoint (cyclin B).
The inhibition of expression of cyclin B1 in T-cells (9), and cyclins A, B1, and D1 in breast
cancer cells (32) and bronchial epithelial cells (33) by TRP was previously demonstrated,
but our study is the first report of cyclin inhibition by TRP in CRC cells. Consistent with our
results, it was previously demonstrated in leukemia and CRC cells that TRP treatment
results in cell cycle arrest at either the G1/S or G2/M checkpoint, depending on the duration
and concentration of treatment (34,35).

Metastasis, the main cause of CRC mortality, requires multiple sequential and integrated
cellular processes (36). Migration of cancer cells toward blood or lymphatic vessels,
invasion of basement membranes and endothelial cell layers, and proliferation at a distant
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location are necessary for successful metastasis. A number of cytokines and chemokines are
believed to promote tumor cell migration toward vessels and adhesion at distant sites of
metastasis (4,37). For example, the chemokine CXCL12 (SDF-1α) is widely expressed in
non-malignant human tissues, and it is the sole ligand for the chemokine receptor CXCR4.
CXCR4 is selectively expressed in lymph and hematopoetic tissues, but is also expressed in
a wide variety of human cancers; evidence in multiple tumor models supports its
involvement in homing of metastatic cancer cells to distant sites (37). We show that CXCR4
expression is downregulated by TRP in three distinct CRC cell lines. It was also recently
described that TRP inhibited the expression of CXCR4 in primary lymphoma cells (38).
This was demonstrated by flow cytometry after in vitro treatment of freshly isolated cells by
TRP, and by migration assays toward recombinant CXCL12 and cultured lymph node
stromal cells. The inhibition of CXCR4 expression is likely to be an important mechanism
of this herbal extract’s anti-cancer activity.

We also found that the mRNA expression of both TGF-β receptor subunits (I and II) was
suppressed by TRP. There are no previous reports of TGF superfamily receptor modulation
by TRP in cancer cells, although inhibition of TGF-β cytokine expression has been studied
in models of chronic allograft rejection and post-lung transplant obliterative airway disease
(39,40). TGF-β is thought to act as a tumor suppressor by inhibiting epithelial cell growth.
However, advanced tumors are often resistant to TGF-β growth inhibitory signals due to
acquired mutations or aberrant cell cycle regulation, in which case this cytokine promotes
invasion, angiogenesis, and metastasis (41). For example, TGF-β produced by human CRC
cells increased their migration in a paracrine/autocrine fashion, and blockade of cellular
TGF-β production suppressed the pro-migratory activity (5). A chemical inhibitor of TGF-β
receptor I kinase (SD-208) has been shown to reduce growth and invasion or metastasis of
human glioma cells, pancreatic cancer cells, multiple myeloma, and mouse mammary
carcinoma (42–45). Therefore, inhibiting the expression of TGF-β receptors using TRP
should contribute to its anticancer activity in late stage tumors.

Another cytokine receptor inhibited by TRP in our study was the TNF-α receptor p55
(TNFR1). The p55 receptor is constitutively expressed by most human tissues, whereas
expression of the p75 (TNFR2) type receptor is generally limited to cells of the immune
system (46). Like TGF-β, the actions of the cytokine TNF-α are numerous and depend on
the cell type and environment (46). TNF-α can contribute to epithelial-mesenchymal
transition in CRC, the progression of cancer cells toward a motile, metastatic phenotype
(47). Importantly, expression of the TNFRp55 was shown to enhance CRC liver metastasis
in a preclinical TNFRp55 knockout model (48). There are no previous reports of TNF-α
receptor modulation by TRP in immune or cancer cells, although TRP and TNF-α are
synergistic in their cytotoxicity toward multiple human cells lines in vitro (21,49).

In this age of targeted therapy, single-receptor targeted drugs for cancer have largely proven
to be problematic with respect to cost, adverse effects, and efficacy (28). Therefore,
targeting multiple cytokine receptors with a plant-derived agent could be a more effective
strategy alone or in combination with conventional chemotherapy. We have shown that TRP
inhibits cytokines and growth factor receptors related to multiple distinct pathways including
angiogenesis (VEGF), migration (thrombin receptor, CXCR4, TGF-βR, TNFRs, IL-6R),
invasion (COX-2) and proliferation (c-myc). TRP is still under intense investigation in
preclinical studies. While a variety of cellular and molecular effects have been reported, the
specific structural mechanisms of TRP have not been identified. A recent report by
McCallum et. al.(50) demonstrated that TRP binds irreversibly and specifically to an
unidentified 90-kD nuclear protein. Another study reported the binding of TRP to a 110-kD
calcium channel protein involved in polycystic kidney disease, PC2 or polycystin-2 (51). A
better understanding of the actions of this herbal extract will facilitate its use in more
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specific clinical trials, may allow for synthetic derivatives to be engineered (equally
effective but less toxic), and potentially offer insight into additional therapeutic uses for
TRP.

In conclusion, we show that TRP modulates expression of cell cycle regulators and multiple
cytokine receptors in CRC cells. These novel properties likely contribute to the anti-
metastatic potential of TRP and provide new insights into the mechanisms of action of TRP.
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Figure 1. Antiproliferative effect of TRP on colorectal cancer cells
HCT116 (A) or HT29 (B) cells were treated with 25, 50, or 100 nM TRP over a 72 h time
course. Crystal violet assays were performed as described in the Methods section (* =
p<0.01 vs. control at each time point). C) After 24 h of exposure of HT29 cells to TRP (25
nM), the medium was replaced with fresh serum-free medium without TRP. The assay was
continued for 72 h to compare the effects of TRP withdrawal with those of continuous TRP
exposure. († = p<0.05 vs. TRP withdrawn)
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Figure 2. TRP potently suppresses mRNA expression of cyclins A, B, C and D1 and c-myc
HCT116, HT29, KM20, and SW620 cells were treated with TRP at the indicated doses for
24 h and the extracted RNA subjected to RPA as described in the Methods section. The
hcyc-1 (A), and h-myc (B) probes were used to examine multiple related gene products with
L32 and GAPDH used as loading controls.
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Figure 3. TRP inhibits NT- and EGF-stimulated collagen invasion by HCT116 cells in chamber-
based assays
Cells were treated with TRP for 6 h prior to seeding into chambers in serum-free media and
then allowed to migrate overnight (A) or for 6 h (B) toward the specified chemoattractant
with the indicated dose of TRP. The number of cells per high-power field (HPF) for the
control condition was arbitrarily assigned a value of 1.0 and cell counts for all conditions
were normalized to control conditions. (Each bar is an average of 2 or 3 wells; similar
results were obtained on three separate occasions; * = p<0.05 vs. no TRP). NT, neurotensin;
EGF, epidermal growth factor.
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Figure 4. TRP suppresses COX-2 protein expression
A) HT29 cells were treated with TRP for 8 to 24 h and Western blots probed for COX-2;
blots were reprobed with β-actin as a loading control. B) RNA extracted from HT29 cells
after 8 to 24 h of TRP treatment was subjected to Northern blot analysis for COX-2
expression; expression of ribosomal subunit 28S was utilized as a loading control.
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Figure 5. TRP inhibits mRNA expression of cytokine receptors
The indicated CRC cell lines were treated overnight with TRP 100 nM and RNA extracts
were subjected to RPA as described in the Methods section. Multi-probe templates hcR-6
(A), hcR-4 (B), and Angio-1 (C) were used to examine expression of CXCR genes, cytokine
receptors, and angiogenesis-related genes, respectively. L32 and GAPDH expression was
utilized as a loading control for all assays.
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