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Abstract

AIM: We studied the effect of colchicine combined with
radiation on the survival of human hepatocellular
carcinoma (HCC) HA22T/VGH cells.

METHODS: Twenty-four hours after treatment with
0-8 ng/mL colchicine, HA22T/VGH cells were irradiated
at various doses (0, 1, 2, 4, and 8 Gy). Colony assay was
performed to assess the surviving cell fraction. Survival
curves were fitted by using a linear-quadratic model to
estimate the sensitizer enhancement ratio (SER). Flow
cytometry was used for cell cycle analysis.

RESULTS: Colchicine at lower concentrations (1 and
2 ng/mL) had obvious synergy with radiation to inhibit
HCC cell growth, whereas higher concentrations (4 and
8 ng/mL) had only additive effect to radiation. Pretreatment
with 1 and 2 ng/mL colchicine for 24-h enhanced cell
killing by radiation with SERs of 1.21 and 1.53, respectively.
G,/M arrest was only observed with higher colchicine
doses (8 and 16 ng/mL) after 24-h treatment; this effect
was neither seen with lower doses (1, 2, and 4 ng/mL)
nor with any dose after only 1 h of treatment.

CONCLUSION: Our results suggest that colchicine has
potential as an adjunct to radiotherapy for HCC treatment.
Lower doses of colchicine possess radiosensitizing effects
via some mechanism other than G,/M arrest. Further study
is necessary to elucidate the mechanism.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Colchicine interferes with microtubule formation, thereby
affecting mitosis and other microtubule-dependent
functions!. It has been used in clinical practice for a long
time, including for the treatment of acute gout™, prophylaxis
of recurrent gout”!, Behcet’s disease!”, chronic hepatitis B,
and primary biliary cirthosis'®. It is a relatively safe and an
effective drug when used with appropriate dosage!™.

Hepatocellular carcinoma (HCC) is a highly malignant
tumor with poor prognosis and high mortality. It is a
common malignancy in Asian countries. In China, the
incidence has been increasing over the past two decades.
The age-adjusted rate of death per 100 000/year was 20.37
in the 1990s. In the USA, the incidence of HCC has
approximately doubled over the past three decades!™.
Aggressive treatment with a variety of modalities, including
surgery, transarterial chemoembolization, percutaneous
ethanol injection, radiofrequency ablation, microwave
coagulation therapy, and laser-induced thermotherapy have
all been used in an attempt to control this disease. However,
the overall 5-year sutrvival is still around 5%. Few tumors
are resectable because of advanced stage or the presence
of associated liver disease™'".

Radiation therapy (RT) has not played an important role
in HCC treatment in the past because normal liver tissue
has low tolerance to radiation. Radiation hepatitis usually
develops with whole liver irradiation at or above 35 Gy, yet
this dose level may not be sufficient to eradicate the tumor.
However, small portions of the liver can be irradiated with
50-60 Gy without significant long-term morbidity. Recent
advances in RT including three-dimensional conformal radiation
therapy (3DRT) limits the exposure of normal liver tissue
and allows delivery of higher RT doses (40-80 Gy)!'". 3DRT
has improved treatment outcome and reduced normal liver
damage in untesectable HCCI™. There is a dose-tesponse
relationship with 3-DRT for primary HCC, with only the
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radiation dose being a significant factor for predicting
treatment response!. It is important to develop novel
ways to improve the efficacy of RT, not only by physical
technique but also by pharmacological agents. The
development of radiosensitizers in order to reduce the
required cytotoxic RT dose for HCC is especially important
for this disease that arises in the midst of radiosensitive
normal tissue.

Other studies have demonstrated that cells are most
radiosensitive in the G,/M phase, whereas the most resistant
are in late S phase!'!l. Because colchicine arrests the cell
cycle at the G,/M phase, we designed this study to assess
its effect in combination with radiation on HA22T/VGH,
a pootly differentiated HCC cell linel"'%l,

MATERIALS AND METHODS

Preparation of colchicine

Colchicine (C»H,sNOg, molecular weight 399.4, purity 95%)
was putrchased from Sigma Co. (St. Louis, MO, USA). The
powder was dissolved in distilled water to form an aqueous
stock solution and diluted with PBS before use.

Cell culture

The human pootly differentiated HCC cell line HA22T/
VGH!">'% was cultured in DMEM (GIBCO, Grand Island,
NY, USA) supplemented with 10% heat-inactivated fetal
calf serum (FCS, Hyclone, Logan, UT, USA), NaHCO;
(10 mmol/L) and HEPES (20 mmol/L) at 37 C in a
humidified 50 mI./L CO, incubator. For routine subculturing,
the cells were grown to near confluence, collected by 0.25%
trypsin, counted using the trypan blue exclusion test, and
adjusted to an initial density of approximately 10* cells/mL.

Colchicine treatment and radiation delivery

In preliminary work, we determined the cytotoxic effect
of different colchicine concentrations on HA22T/VGH
HCC cells by using a 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl-tetrazolium bromide (MTT) assay and found that
concentrations up to 2 ng/ml were non-toxic. Based on
these preliminary results, we used colchicine concentrations
of 0-8 ng/mL to test for radiosensitization. HA22T/VGH
HCC cells were treated with 0, 1, 2, 4, and 8 ng/mL
colchicine for 24 h, and the colchicine was washed out before
RT. RT with 6 MeV electron beam energy was delivered
by a linear accelerator (Clinac® 1800, Varian Associates,
Inc., CA, USA; dose rate 2.4 Gy/min) at various doses (0,
1,2, 4, and 8 Gy) in a single fraction. Full electron equilibrium
was ensured for each fraction by a parallel plate PR-60C
ionization chamber (CAPINTEL, Inc., Ramsey, NJ, USA).
One hundred and fifty viable tumor cells were plated onto
35-mm six-well culture dishes and were allowed to grow in
DMEM medium containing 10% heat-inactivated FCS and
the various concentrations of colchicine at 37 C in a
humidified 50 mL/L CO, incubator for 24 h. Then the
cells were treated with various radiation doses. Following
radiation, a colony assay was performed.

Colony assay
After 10-14 d, the culture dishes were stained with 3%

crystal violet and colonies (=50 cells) were counted. The
surviving fraction was calculated as mean colonies/cells
inoculated. The mean plating efficiency for untreated
HA22T/VGH HCC cells was 43%. Survival curves were
fitted by using a linear-quadratic model'”. The sensitizer
enhancement ratio (SER) was calculated as the radiation
dose needed for radiation alone divided by the dose needed
for colchicine plus radiation at a surviving fraction of 37%

(Dy in radiobiology).

Cell cycle analysis by flow cytometry

Cells were treated with various doses of colchicine (0, 1, 2,
4, 8, and 16 ng/mL) for 1 or 24 h, then harvested and
fixed at 4 C for 1 h with 70% ethanol. The cells were
stained for 30 min with propidium iodide (PI) solution (PI,
0.5 mg/mL; RNAse, 0.1 mg/mL; Sigma Co.) from a
CycleTEST plus DNA reagent kit (Becton Dickinson,
Lincoln Park, NJ, USA). Analysis of DNA content was
performed using a FACScalibur flow cytometer (Becton
Dickinson). The data from 10* cells were collected and
analyzed using ModFit software (Becton Dickinson).

Statistical analysis
Data wete expressed as percentage and meantSE.

We used Sigma Plot software (version 8.0, SPSS Inc.,
Chicago, IL, USA) to fit survival curves with a linear-
quadratic model. One-way analysis of variance was used to
compare the colony formation between different groups

(SPSS, version 10.0, Chicago, IL, USA).

RESULTS

Cell survival and SER

The results of colony assays of various doses colchicine
combined with radiation are shown in Table 1. There was
an obvious synergistic effect of low-dose colchicine (1 and
2 ng/mL) plus radiation. When the dose was increased to 4
and 8 ng/mL, only mild additive effects were noted.

As the survival curves in Figure 1 demonstrate, low-
dose colchicine sensitized HA22T/VGH HCC cells to
radiation in a dose-dependent manner. The RT doses
required for a surviving fraction of 37% (D, in radiobiology)
after pretreatment with 0, 1, and 2 ng/mL colchicine were
9.45, 7.80, and 6.16 Gy respectively. The calculated SERs
of colchicine were 1.21 for 1 ng/mL and 1.53 for 2 ng/ml..
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Figure 1 Radiation survival curves for human HA22T/VGH hepatocellular
carcinoma cells. Cells were treated with vehicle (@), colchicine 1 ng/mL (O)
and 2 ng/mL ('¥) for 1 h before radiation.
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Table 1 Colony assay of human HA22T/VGH hepatocellular
carcinoma cells. Data are expressed as mean+SE

Colchicine 0 1 2 4 8
(ng/mL)

RTO0Gy 81.0+4.0 78.7+1.0 72.8+3.3 57.5+4.0 29.242.7
1 78.3+4.1 70.5%£5.1 52.7+4.5 43.3+4.3 22.3+3.0
2 59.8+3.5 53.5+4.2 42.3£3.6 33.2+2.5 12.8+3.0
4 51.243.0 41.5+3.2 32.8+3.2 27.0+3.3 11.5+2.7
8 38.245.6 27.3+35 18.5+1.8 15.3+2.4 6.7+1.8

Cell cycle analysis after varying doses of colchicine
Although colchicine is reported to arrest mitosis, no HA22T/
VGH HCC cells were cleatly seen in the G,/M phase 1-h
treatment (data not shown). After 24 h of colchicine
treatment, significant G,/M arrest was induced by higher
doses (8 and 16 ng/mL) but not by doses, which were less
than 8 ng/mL (Table 2). The DNA histograms after 24 h
of treatment with varying doses of colchicine are shown in
Figure 2.

Table 2 Cell cycle analysis of human HA22T/VGH hepatocellular
carcinoma cells. Cell were treated with various doses of colchicine
for 24 h and analyzed by flow cytometry

Cell cycle distribution (%)

Colchicine (ng/mL)

G/G; S G+M
0 49.0+1.4 24.6x1.1 26.4+1.0
1 51.4+1.1 21.7+1.4 26.9+1.0
2 52.2+1.5 21.5+1.4 26.3+0.9
4 51.6+1.9 22.0£1.5 26.5+0.9
8 43.0+2.12 21.7¢1.7 35.4+1.2°
16 17.6+1.3° 23.5+1.3 58.9+2.2°

3P<0.05, °P<0.01 vs colchicine treatment with 0 ngZ/mL.

DISCUSSION

The present study demonstrates that pretreatment with
colchicine is capable of reducing the survival of irradiated
human HCC HA22T/VGH cells. The combined effect
varies with the dose of colchicine. Pretreatment with
colchicine at lower doses (1-2 ng/mL) 1 h prior to RT
yielded a synetgistic effect on radiation-induced cytotoxicity.
Higher doses gave only a mild additive effect. However,
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Figure 2 DNA histograms in cell cycle analyses of HA22T/VGH cells by
flow cytometry. A: Control; B: Colchicine 2 ng/mL; C: Colchicine 8 ng/mL;
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the G,/M atrest phenomenon was not found with low doses
or short-term (1 h) colchicine treatment. Evident G,/M
arrest was observed after treatment with higher doses (8
and 16 ng/mL) of colchicine for 24 h. Alteration of cell
cycle distribution therefore may not play a major role in the
radiosensitizing effect of colchicine in this combined therapy.

RT plays an important role in combined treatment for
several malignant tumors!"®'”. However, the risk of
radiation-induced toxicity limits its use in liver tumors™. While
3DRT is increasingly used for HCC, limiting the volume
of irradiated normal liver and allowing adjustment of the
radiation dose to improve the therapeutic index, it still has
many limitations. Advanced liver cirrhosis or poor liver
reserve is a common problem in patients with HCCP'. The
risk of hepatic failure after cytotoxic doses of RT therefore
remains as a great problem. Radiosensitizers may give
patients with poor liver reserve a better chance of controlling
their tumor. Pentoxifylline and ganglioside GD3 have been
shown to act as radiosensitizers in the human HCC cell line
HepG2. Pentoxifylline may do so by causing cell cycle atrest
in the G»/M phase. Ganglioside GD3 may have a dual
action in producing radiosensitization by interacting with
mitochondria and by inactivating NF-xBP>>,

The safety and therapeutic range of colchicine are well
established. The doses of colchicine (0-8 ng/mL) we used
before RT are much lower than those in previous reports
for other 7n vitro disease models!™. Our results demonstrate
that colchicine enhances the radiation effect iz vitro, thus
reducing the radiation dose needed to inhibit tumor growth.
Most RT-related complications develop not early in the
course of RT but rather after a high cumulative dose. Using
colchicine at low doses yielded an SER of 1.21 at 1 ng/mL
and 1.53 at 2 ng/mL. This means that if the original planned
RT dose was 50 Gy, the same cytotoxic effect would be
achieved by only 32.68 Gy after pretreatment with 2 ng/mL
of colchicine. This reduced RT dose is close to 30 Gy, the
threshold for whole liver irradiation, which may result in lethal
liver damage with a 5% probability in 5 years (ITD 5/5)%.

Our results suggest that lower doses of colchicine
sensitize HA22T/VGH HCC cells to radiation. At lower
doses (1 and 2 ng/mlL), 24 h of treatment with colchicine
did not change the G,/M phase distribution significantly.
At higher doses (8 and 16 ng/mL), the drug arrested that
cell cycle at the G,/M phase. There was an accompanying
evident sub-G; peak noted on the DNA histogram
(Figure 2). This implies that the synergistic effect of
colchicine and RT may involve multiple mechanisms,

g8, ¢ & D
Colchicine 16 ng/mL
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D: Colchicine 16 ng/mL.



4240

ISSN 1007-9327  CN 14-1219/ R

World ] Gastroenterol

July 21, 2005 Volume 11 Number 27

perhaps including cell cycle regulation, induction of
apoptosis, and others.

In conclusion, colchicine at optimal doses sensitizes

human HA22T/VGH HCC cells to radiation by a mechanism
other than cell cycle arrest at the Go/M phase.
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