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ABSTRACT Background: Conventional chemotherapy and radiation therapy against non-small cell lung cancer (NSCLC) are relatively
insensitive and unsatisfactory. Para-toluenesulfonamide (PTS), a unique antitumor drug for local intratumoral injection,
shows an efficacy of severely suppressing solid tumor growth with mild side effects in clinical trials. The aim of this study
was to investigate the effect of PTS on lung cancer H460 cells in vivo in nude mice and its underlying mechanisms in vitro.
Methods: A lung cancer model for in vivo experiment was established in BALB/c nude mice using H460 cells to examine
the effect of local injection of PTS on tumor suppression. We also assessed the injury to the normal tissue by subcutaneous
injection of PTS. In vitro, PTS was diluted into different doses for study on its antitumor mechanisms. We evaluated the
necrotic effect of PTS on H460 cells by PT and Hoechst 33342 staining. Cell viability and membrane permeability were also
determined by using CCK-8 and LDH assays respectively. All these tests were conducted in comparison with traditional
local injection of anhydrous ethanol.

Results: PTS was shown to significantly inhibit the growth of H460 tumor xenografts in nude mice by inducing necrosis
of the tumor histologically. Its effect on tumor growth was significantly stronger than that of anhydrous ethanol. By
contrast, the injured normal tissue by PTS injection was less than that by ethanol. In vitro, PTS still demonstrated excellent
necrotizing effect on H460 cells when diluted to a lower concentration. Detailed analysis of PTS on H460 cells indicated
that PTS had a better effect on attenuating the cell viability and increasing the cell membrane permeability than ethanol at
the same level.

Conclusions: PTS exhibits excellent inhibition effect on the growth of lung cancer by necrotizing tumor in vivo and in vitro,
reducing tumor cell viability and augmenting the membrane permeability in vitro, with only mild injury to normal tissue.
The antitumor effect of PTS on lung cancer in vivo and in vitro is stronger than that of ethanol.
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application. Intratumoral ethanol injection has been widely
recognized and proves effective to treat solid tumors, especially
for hepatocellular carcinoma (8-12). However, the outcomes
are not always satisfactory. Recurrence frequently occurs at
the original lesion or other sites (13,14) as the ethanol can not
destroy all the tumor cells. In addition, complications (15-19)
such as hemorrhage, alcohol intoxication, pain and fever, may
result from the inevitable spread of injected ethanol in adjacent
normal tissue because anhydrous ethanol is strongly permeable
and a great amount should be injected to produce a sufficiently
large area of necrosis. Consequently, intratumoral ethanol
injection is not widely applied as a routine treatment because of
its limitations.

Para-toluenesulfonamide (PTS), whose active ingredient
is p-methylbenzenesulfonamide at 330 mg per milliliter, is
a novel anticancer agent with good lipophilic ability. As an
adjunct of conventional chemotherapy, PTS is often delivered
by intratumoral or peritumoral injection. Primary basic research
suggested that PTS effectively suppressed the proliferation of
liver and lung cancers in vivo and in vitro (20-22). According to
a preclinical study, PTS was relatively safe in co-administration with
many drugs (23). Several on-going phase II clinical trials on PTS
against solid tumors (24-27) proved its antitumor efficacy. Recently,
a phase II clinical trial showed that chemotherapy with concurrent
PTS local injection was well tolerated and efficient in the treatment
of patients with peripherally advanced lung cancer (28). Therefore,
we hypothesized that PTS could be widely used against lung
cancers. However, the knowledge of how PTS works against
lung tumor is limited. Therefore, the aim of the study was to
investigate the efficacy of PTS against lung cancer in vivo and in

vitro and the possible underlying mechanisms as well.

Cancer cell line and culture

Human NSCLC cell line H460 (Shanghai Cell Bank, Chinese
Academy of Sciences, China) was cultured in DMEM with 10%
fetal bovine serum (FBS), 100 U/mL penicillin and 100 pg/mL
streptomycin (all from Gibco, USA). Cells were maintained in
a humidified 37 degrees Celsius incubator (Thermo, USA) with
5% CO,. Cells in the exponential growth phase were used for the
experiments.

In vivo study

Experimental design

A total of 40 female 4-week-old BALB/c (nu/nu) nude
mice purchased from Guangdong Laboratory Animal
Center (Guangzhou, China) weighing 18-22 g were raised
in SPF conditions with a 12-hour day-night cycle at State

Key Laboratory of Respiratory Disease. The protocol of the
experiment was approved by the Ethics Committee for Animal
Experiments at our hospital. After housing for a week, each
mouse (n=40) was subcutaneously inoculated with 5x10° H460
cells in 0.2 mL PBS. 2 weeks after the implantation, the tumor
diameter reached to 0.5 mL (1.0 cm x1.0 cm in length and
width). As PTS (Beijing Vision Drugs Development Ltd, China)
is highly viscous, direct syringe injection is difficult. Therefore,
according to the dissolving method for phase II and III clinical
trials of NSCLC, PTS solution was mixed in a blend of 7 parts to
3 parts of ethanol (PTS:Ethanol =7:3) to facilitate the injection.
The mice were randomly divided into 4 groups (n=10 each).
Group A was treated with PTS solution (PTS) by intratumoral
injection. Group B was treated with conventional local injection
of anhydrous ethanol (E) in the same way. Corresponding
controls groups C and D were treated with 30% ethanol (30% E)
and normal saline (NS) respectively. The solutions for all the
groups were injected intratumorally at 3 different puncture
points using a microsyringe every 4 days. According to a previous
study on dose-effect relationship of PTS (29) the total injection
volume in each treatment for every mouse was 50 pL. Each
group received 4 treatments before the end of the experiment.

Tumor measurement and histological analysis

The tumor volume was determined using a caliper and calculated
by the following formula (30): 0.5x length x width’. All the
groups were measured every 4 days to obtain tumor growth
curves.

Animals were sacrificed 24 hours after the fourth treatment.
Tumors were extirpated and compared for weight and volume.
Samples randomly chosen from both control and treatment
groups were prepared for histopathologic analysis. Samples were
fixed in 10% buffered formalin. Then, tumors were embedded in
paraffin and cut into 4-S pm thick and stained with hematoxylin
and eosin (H & E). Images were obtained from a standard light
microscope (Leica, Germany) for measurement of the necrosis

area by software Image Pro Plus (Media Cybernetics, USA).
In vitro study

Dilution of injection agent

As PTS is difficult to dissolve in the medium, we used DMSO,
a solvent commonly used in study of water-insoluble elicitors,
to make PTS dissolvable in DMEM. When PTS was diluted
to 1/50, 2% DMSO was added to make it soluble in DMEM.
Anhydrous ethanol can be easily deliquated by DMEM. The test
groups were incubated with different concentrations of PTS and
ethanol respectively. Control ones were treated with medium
containing 2% DMSO or DEME only. The results of PTS and
ethanol on cell necrosis, viability and membrane permeability at

the same diluted level were observed and calculated.
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Cell necrosis assay

Cells were stained with Hoechst 33342 and propidium iodide
(PI) (Beyotime Institute of Biotechnology, China) to investigate
the necrotic effect of PTS. H460 cells (5x10°/well) were seeded
in 6-well plates and grown to 80% confluence. The growth
of H460 cells were arrested with the medium containing 1%
FBS for 12 h. Next, the medium was removed and cells were
incubated with PTS and ethanol (at concentrations: 1/50,
1/100, 1/150 and 1/200), added with DMEM, and incubated
for 2 h respectively. Then 1 mL phosphate buffer was added in each
well after washed by PBS (4 degrees Celsius). S puL (10 ng/mL) of
Hoechst 33342 and S pL (10 ng/mL) of PI were stained and
mixed thoroughly into each well. The incubation time was 30
min at 4 degrees Celsius. After the incubation, each well was
washed by PBS at 4 degrees Celsius twice. Images were randomly
taken from S different views by a fluorescence microscope
(Leica, Germany). Hoechst 33342 stained and PI stained cells
were counted by software Image Pro Plus. The necrosis rate
was calculated by the percentage of necrotic cells to the total
number of cells. The total number of cells should be counted to a

minimum of 500 from at least 100 cells at each view.

Cell viability assay

Effects of PTS on cell viability were examined using the CCK-
8 assay (31) (Dojindo Molecular Technologies, Japan). The
kit contains water-soluble tetrazolium salt, WST-8, which
is generated by the activities of mitochondrial succinate
dehydrogenases in cells and is directly proportional to the
number of living cells. The detection sensitivity of CCK-8 is
higher than that of the other tetrazolium salts such as MTI, XTT
and MTS. First, cells (8x10°/well) were seeded into 96-well
plates and cultured overnight with arrested growth in DMEM
containing 1% FBS for 12 h. Next cells were respectively treated
with PTS and ethanol (concentrations: 1/10, 1/50, 1/100
and 1/200) for 2 h. After the medium was removed, 110 pL
fresh DMEM containing 10 uL CCK-8 was added in each well.
Controls were grown under the same conditions (2% DMSO or
DMEM only) but without any drug. The absorbance at 490 nm
was measured using a spectrometer reader (Thermo, USA). The
survival rate was calculated using the following formula: viability
rate = [(OD - ODy,,.)/(OD - ODy,..] x100.

Data of each experimental series of PTS were tested against

test group control group

those of ethanol for statistical significance.

Cell membrane permeability assay

Effects of PTS on cell membrane permeability were tested by
the lactate dehydrogenase (LDH) release assay (32) (Beyotime
Institute of Biotechnology, China). The assay was performed
to investigate the cytosolic enzyme release which was induced
by PTS. According to the results from the CCK-8 assay, the
concentrations of PTS are 1/200, 1/400, 1/800 and 1/1,600.

Since PTS is noncytotoxic (survival rate is over 90%) within this
range, the enzyme release observed can be ascribed to an increase
in cell membrane permeability as opposed to general lysis due to
cell death (33). Cells (8x10°/well) were prepared in 96 well plates
and cultured overnight with arrested growth (DMEM containing
1% FBS). Next, cells were respectively incubated with PTS and
ethanol (concentrations: 1/200, 1/400, 1/800 and 1/1,600). The
supernatants were then collected at 2 time points (2 and 6 h). Cell
debris was removed by centrifugation of the supernatant (at 400 g
for S min). The supernatant (120 pL) was mixed with 60 pL
of LDH reagent solution, sheltered from light and incubated at
room temperature for 30 min. The measured LDH activities were
calculated by percentage of LDH released in the supernatant to
that of cell lysates from intact cells (% LDH released). The LDH
released rate was calculated by the following formula: LDH
released rate = [(OD,, group ~ ODcontrol group)/ (ODlysates of intact cells
oD x100. The absorbance at 490 nm was tested by the
spectrometer reader.

control group]

Injury to normal tissue

10 female 7-week-old nude mice (weight: 25-27 g) were
purchased and anaesthetized. 50 pL PTS was subcutaneously
injected into the hypodermia at one side of the back in each
mouse and 50 pL ethanol was injected on the other side in the
same way. The injury area was measured by a caliper to access the
damage range caused by PTS and ethanol to normal tissue. Injury
area (S) was calculated using the ellipse formula, according to the
following equation: S = Length x Width x /4. The epidermis
and subcutaneous tissues at 0, 0.2 and 0.5 cm away from the
injection point along the length axis were embedded in parafhin,
cut into 4-S pm thick and stained with H&E as well. Images were
obtained from a standard light microscope to assess the severity

of damage from PTS and ethanol to normal tissue.

Statistical analysis

Data were expressed as means with 95% confidence interval. A
one-way ANOVA and Student-Newman-Keuls tests were used
for statistical analysis and a value of P<0.05 was considered
statistically significant. If the homogeneity of variances was
statistically significant, the data were analyzed by nonparametric
tests. All statistical analyses were performed using SPSS 13.0
(IBM, USA).

In vivo study

General condition of the mice during the study in vivo
All the mice tolerated the injection and no mouse died during
the treatment. Most of the mice in the two test groups showed

poor appetite and sluggishness after the injection until the next
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Figure 1. General condition of the mice at 24 h after first injection. A. PTS; B. Ethanol; C. 30% ethanol; D. Normal saline (NS).
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Figure 2. The volume and weight of tumor xenografts. A. Growth curves of tumor xenografts in nude mice; B. Weights of extirpated tumor xenografts

(#P<0.05 vs. Ethanol; *P<0.05 vs. 30% ethanol and NS).

day when all the mice recovered to normal. These signs were not
observed in the two control groups. The weight of each mouse
gradually declined in the control groups during the study as the
tumor volume augmented. 24 hours after the first injection of
PTS and anhydrous ethanol respectively in groups A and B, scabs
formed in the tumors while escharosis was not observed in the
controls (Figure 1).

PTS suppressed growth of H460 xenograft tumor in nude mice
The initial tumor volumes before injection were not
significantly different among the 4 groups (P=0.873). In the

control groups, the tumors displayed rapid and continued
growth during the course of the experiment. PTS and
ethanol effectively inhibited the tumor growth as the tumor
volume was much smaller than in the control groups at the
end of the injection treatment (Figure 2A, Table 1). Both
PTS and ethanol groups had significantly lower tumor
weight (P<0.05) than the controls and the PTS group also
had significantly lower tumor weight than the ethanol group
(P<0.05) (Figure 2B, Table 2). There was no significant
difference regarding the tumor weight between the two
control groups (P=0.893).
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Table 1. Tumor volumes before treatment and at 4, 8, 12 and 13 days during treatment (cm®) (n=10).
During treatment
Group Before treatment
4d 8d 12d 13d
PTS 0.403 0.343 0.208" 0.209" 0.259"
[0.240-0.565] [0.237-0.449] [0.133-0.282] [0.133-0.285] [0.180-0.338]
Ethanol 0.374 0.422 0.501° 0.481° 0.595°
[0.219-0.528] [0.345-0.500] [0.348-0.655] [0.330-0.631] [0.367-0.823]
30% ethanol 0.387 0.687 1.000 1.425 1.781
[0.284-0.490] [0.497-0.878] [0.760-1.235] [1.196-1.165] [1.429-2.133]
NS 0.336 0.644 1.059 1.37 1.69
[0.228-0.443] [0.429-0.859] [0.809-1.309] [1.111-1.629] [1.240-2.138]
*P<0.05 vs. Ethanol; "P<0.05 vs. 30% ethanol and NS; “P<0.05 vs. 30% ethanol and NS.

Table 2. Weights of extirpated tumors.

Group Tumor weight (g)
PTS 0.222 [0.163-0.281]®
Ethanol 0.588 [0.375-0.801]°
30% ethanol 1.304 [1.179-1.429]
NS 1.446 [1.146-1.746]

*P<0.0S vs. Ethanol; "P<0.05 vs. 30% ethanol and NS; “P<0.05
vs. 30% ethanol and NS.

Histological analysis

Histologically, tumors in the therapeutic groups were composed
of massive necrotizing tissue on eosin staining (red) (Figure
3A,B). The necrotic cells were difficult to distinguish except
for the boundary between the viable and necrotizing tumor
tissues. There was only a small portion of viable neoplastic tissue
which was hemalum stained (blue) containing pleomorphic
cells with large, irregular, hyperchromatic nuclei. In contrast,
there was massive viable tumor tissue and a small portion of
necrotizing tissue in the control groups (Figure 3C,D). The area
of necrotizing tissue was evaluated by Image Pro Plus (Figure 4,
Table 3). The two therapeutic groups had significantly larger area
of necrotic tissue than the two control ones (P<0.05) and the
necrotizing area was significantly larger in the PTS group than
in the ethanol one (P<0.0S). There was no significant difference
between the two control groups (P=0.122).

In vitro study

PTS induced necrosis in H460 cells

Hoechst 33342, a kind of blue-fluorescence dye, stains the
chromatin in normal, apoptotic and necrotic cells. It stains the
condensed chromatin in apoptotic cells more brightly than it
does the chromatin in normal cells. PI, a red-fluorescence dye,

is only permeant to dead cells. The simultaneous use of these
dyes makes it possible to distinguish normal, apoptotic, and
necrotic cell populations by fluorescence microscopy. Normal
and apoptotic cells are only stained by Hoechst 33342 but the
apoptotic ones exhibit brighter blue-fluorescence; necrotic
cells are stained by both Hoechst 33342 and PI. When PTS was
diluted to 1/100, it still had a strong necrotizing effect on H460
cells (Figure S, Table 4). However, ethanol did not show this
effect at the same diluted dose (Table S). Therefore, PTS had a

greater necrotizing effect than ethanol.

PTS inhibited cell viability

The effects of PTS on viability of H460 cells are shown in Figure
6. PTS significantly inhibited the viability of H460 cells under
the experimental conditions (continuous exposure for 2, 6 and
24 h) at the concentration of 1/10, 1/50 and 1/100. At the
concentration of 1/10, both PTS and ethanol greatly suppressed
the viability of H460 cells (viability rate <10%). There was no
significant difference in the percentage of viable cells between
the two groups at this level (P=0.454). When the two injection
agents were diluted to 1/50 and 1/100, PTS maintained
its suppressing activity on cell viability while the inhibitory
influence of ethanol on H460 cells sharply declined. PTS had a
stronger inhibitory effect than ethanol on the viability of H460
cells.

PTS increased cell membrane permeability in H460 cells

Plasma membrane permeability was examined by the release of
LDH from the cells which were incubated with PTS and ethanol
(concentrations: 1/200, 1/400, 1/800 and 1/1,600) for 2 and
6 h respectively. Both PTS and ethanol increased the LDH
release at the same diluted concentration and significantly more
LDH was released from the cells induced by PTS than from
those by ethanol (P<0.05) (Figures 7A,B). PTS increased the
cell membrane permeability more effectively than ethanol at an
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Figure 3. Histopathological features of the tumors in nude mice (Magnification, x100). A. PTS; B. Ethanol; C. 30% ethanol; D. NS.
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Figure 4. Necrotic areas of the tumors from histopathological images
(#P<0.05 vs. Ethanol; *P<0.05 vs. 30% ethanol and NS).

equivalent concentration.

Injury to normal tissue

After PTS and ethanol were injected into the hypodermia,
both were disseminated easily at the back of the mice. The area
of damage to normal tissue by PTS was visibly less than that
by ethanol (Figure 8A,B,C), which was consistent with the
statistical results (Figure 8D, Table 6) (P<0.05). At the sites

where PTS and ethanol diffused, masses of necrotic epidermic

Table 3. Necrotic areas calculated from histopathological images.

Group Area (um?)
PTS 794263.9 [667226.2-921301 .61
Ethanol 522792.4 [446014.8-599570.0]°

30% ethanol 226291.0 [142766.5-309815.6]
NS 137537.4 [72796.0-202278.8]

*P<0.0S vs. Ethanol; "P<0.05 vs. 30% ethanol and NS; P<0.05
vs. 30% ethanol and NS.

and hair follicular cells (eosin stained) were observed. By
contrast, at the sites where the disseminated injection agents did
not reach, lots of viable cells (hemalum stained) were observed.
In order to histologically testify the differences in damage range
induced by PTS and ethanol to the normal tissue, the epidermis
and subcutaneous tissues along the length axis at 0, 0.2 and
0.5 cm away from the injection spot were analyzed (Figure 9).
Although necrotizing views were revealed in the tissues at 0 and
0.2 cm away from the injection site along the length axis, no
difference was observed between the two injection agents (Figure
9A,B,D,E). However, at the 0.5 cm points, lots of necrotic cells
were observed in the ethanol group (Figure 9F) while there were
numerous viable cells in the PTS one (Figure 9C), indicating
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Figure 5. Necrotic effects of PTS and ethanol on H460 cells at the concentration of 1/100 under fluorescence microscopy (Magnification, x200).
A. PTS with Hoechst 33342 stained; B. PTS with PI stained in the same view; C. Hoechst 33342 stained; D. PI stained in the same view. Blue spots
represented the cell nuclei stained by Hoechst 33342 and red spots were PI conjugates. Cells incubated with PTS were double stained, indicating

necrosis.

Table 4. Necrotic rates of H460 cells incubated with PTS at

different concentrations.

Concentration Necrotic rate (%)

1/50 98.5 [98.0-99.1]
1/100 98.1 [97.5-98.7]
1/150 3.9[1.0-6.9]
1/200 0.2 [0.2-0.5]
2% DMSO 0.6 [0.4-0.8]

Control (DMEM) 0.5 [0.3-1.3]

Table S. Necrotic rates of H460 cells incubated with ethanol at

different concentrations.

Group Necrotic rate (%)
1/50 99.2[98.0-100.2]
1/10 98.8 [97.4-100.2]
I/15 1.5[0.4-3.5]
1/20 1.4 [0.6-3.4]
1/100 0.6 [0.1-1.3]

Control (DMEM) 0.2[0.2-0.7]

that the necrotic area caused by PTS was smaller than by ethanol.

In the present study, we tested anticancer effects of a novel
injection agent PTS in vivo and in vitro. A xenograft model of
nude mice with H460 cells was used to determine the in vivo
inhibitory effect of PTS. PTS showed a strong tumor inhibition

in mice and was superior to ethanol, which is in accordance with

aformer study of PTS on hepatoma in vivo (20). Moreover, in vitro
evidence revealed that PTS exhibited an excellent anticancer
activity by rapidly necrotizing tumor cells, reducing the cell
viability and increasing the cellular membrane permeability.
Additionally, the influences of PTS in vitro were stronger than
those of ethanol at the same diluted dose. The present study
demonstrated that PTS had a strong therapeutic effect on
tumors.

Although PTS had a stronger necrotic ability against tumors
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Figure 6. Viability of H460 cells incubated with PTS and ethanol at different concentrations (1/200, 1/100, 1/50, 1/10) for 2h (A), 6 h (B) and 24 h (C).
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Figure 7. LDH release from H460 cells with continuous exposure to PTS and ethanol at different concentrations (1/1600, 1/800, 1/400, 1/200)
for2h (A) and 6 h (B) (*P<0.05 PTS vs. ethanol).
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than ethanol, the extent of damage caused by PTS to the normal
tissue was less than that by ethanol. We suppose that this may
be attributed to the viscous characteristic of PTS. It is harder for
PTS to get disseminated into the neighboring tissue, resulting in
aless range of injured normal tissue than ethanol.

Unlike conventional drugs for chemotherapy, whose

antitumor functions are mainly inhibiting proliferation, inducing

Table 6. Areas of damage to normal tissue (n=10).

Group Area (cm’)
PTS 0.2632 [0.1517-0.3078]°
Ethanol 0.5253 [0.4165-0.6874]

*P<0.0S vs. Ethanol

apoptosis and suppressing migration of cancer cells, PTS acts
rapidly on and necrotizes the tumor cells. It is well known
that the progress of apoptosis is time-consuming and ATP-
requiring. It is evident that the ATP availability may become a
switch in determining the pattern of cell death by apoptosis or
necrosis (34,35). Moreover, it is shown that a relatively intact
mitochondrial function is critical for proceeding the apoptotic
progress in cells (36,37) and the mitochondria are the main
source of ATP in cells with high metabolic demand. With limited
mitochondrial activity and lack of ATP for apoptosis, necrosis
program emerges. Although ATP levels were not determined in
this study, the severe decrease in WTS-8 metabolism observed
by CCK-8 assay after PTS treatment at a necrotizing dose
(concentrations: 1/10, 1/50 and 1/100 ) (Figure 6) indirectly
supported that the inadequate mitochondrial function insulted
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Figure 9. Histopathological features of the normal tissue incubated with PTS and ethanol in the nude mice. A, B and C were samples taken from the

tissue damaged by PTS injection respectively at 0, 0.2 and 0.5 cm away from the injection spot. Accordingly, D, E and F were samples from the tissue

damaged by ethanol injection respectively at 0, 0.2 and 0.5 cm away from the injection spot.
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by PTS contributed to the process of necrosis. We thus suggest
that the impaired mitochondrial function caused by PTS may
induce necrosis of the tumor cells.

Data from Figure 5 showed that PTS had a necrotizing
influence 10 times stronger than ethanol. PTS induced severe
cell death with the dilution to 1/100 while the similar necrotic
effect of ethanol was only shown at a concentration of above
1/10. This is consistent with the results in vivo. We concluded
that because PTS may cause severe and rapid necrosis in tumor
cells it is superior to the conventional injection agent ethanol.
The less injury to normal tissue by PTS is first due to its viscous
lipophilic capability and next to the complicated structure of
different tissues at the injection spot.

Local injection therapy is effective as an alleviative treatment
to reduce the tumor burden. Anhydrous ethanol is widely used
as an intratumoral injection agent in the treatment of patients
with advanced cancer, especially hepatocellular carcinoma (38).
Anhyrous ethanol destroys tumor tissue mainly due to its
dehydrating and protein degenerating properties (39-41).
Although percutaneous ethanol injection is a relatively safe
procedure with low mortality, fatal events after the injection
have been reported (9). Local ethanol injection is also applied
to treat patients with malignant lung tumor, particularly for
tracheal tumors by bronchoscopy (10,42,43). However,
the necrotic margin of the tumor tissue caused by ethanol
injection is unmanageable because the chemical characteristics
of ethanol require injections for much more times to ensure
thorough necrosis of the lesion. Consequently, complications
(esp. tracheo-broncheal perforation) in the lung may follow. In
addition, the necrosis induced by the injection is sometimes
multifocal, probably due to transbronchial spread of the injected
ethanol (44). All these drawbacks therefore prevent the wide
clinical application of percutaneous ethanol injection in the
treatment of lung cancers. In the present study, we proved that
PTS had a better necrotic effect on lung tumor. Because of its
viscous property, it induced less range of damage to normal
tissue than ethanol. Furthermore, several reports had proven that
local injection of PTS was well-tolerated, safe and effective in the
treatment of patients with solid tumor (45,46). Therefore, PTS
may replace ethanol as an intratumoral injection agent in the
treatment of solid tumors, especially lung cancer.

The present study has two major limitations. First, only one
cell line of NSLC cells was used in vivo and in vitro. The antitumor
effect of PTS on other cell lines should be investigated in further
studies. Second, we only addressed the rapid necrotic changes
in cancer cells caused by PTS and the influences of PTS on
invasiveness and apoptosis under continuous exposure at lower
concentrations were not observed. Therefore, more studies in vitro
and in vivo are needed to support our findings in the future.

In summary, the present study demonstrated that PTS exhibits

a greater anti-lung cancer effect than anhydrous ethanol both in

vivo and in vitro. Incubation of PTS may result in speedy necrosis,
decrease viability and increase cellular membrane permeability of
H460 cells in vitro. We suppose that the ongoing phase II and III
clinical trials on PTS against lung cancer (47,48) will yield positive
results consistent with ours. We conclude that PTS, as a novel
local injection agent, may play a promising role in the concurrent
chemotherapy for patients with advanced lung cancer.
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