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Abstract
Background/Aims: Although photodynamic therapy (PDT) can relieve esophageal obstruction
and prolong survival time of patients with esophageal cancer, it can induce nuclear factor-kappa
B (NF-kB) activation in many cancers, which plays a negative role in PDT. Dihydroartemisinin
(DHA), the most potent artemisinin derivative, can enhance the effect of PDT on esophageal
cancer cells. However, the mechanism is still unclear. Methods: \We generated stable cell lines
expressing the super-repressor form of the NF-kB inhibitor IkBa and cell lines with lentivirus
vector-mediated silencing of the HIF-1la gene. Esophageal xenograft tumors were created
by subcutaneous injection of Ecal09 cells into BALB/c nude mice. Four treatment groups
were analyzed: a control group, photosensitizer alone group, light alone group, and PDT
group. NF-kB expression was detected by an electrophoretic mobility shift assay, hypoxia-
inducible factor a (HIF-1a) and vascular endothelial growth factor (VEGF) by real-time PCR,
NF-kB, HIF-1a, and VEGF protein by western blot, and Ki-67, HIF-1a, VEGF, and NF-kB protein
by immunohistochemistry.Results: PDT increased NF-kB activity and the gene expression of
HIF-1a and VEGF in vitro and in vivo. In contrast, the DHA groups, particularly the combined
DHA and PDT treatment group, abolished the effect. The combined treatment significantly
inhibited tumor growth in vitro and in vivo. NF-kB activity and HIF-1la expression were also
reduced in the stable IkBa expression group, whereas the former showed no change in HIF-
la-silenced cells. Conclusion: DHA might increase the sensitivity of esophageal cancer cells
to PDT by inhibiting the NF-«kB/HIF-1a/VEGF pathway.
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Introduction

Esophageal cancer is the eighth most common cause of cancer worldwide and the fourth
leading cause of all cancer deaths in China [1, 2]. Many patients with advanced esophageal
cancer have dysphagia and weakness due to incomplete obstruction. Conventional
treatments such as radiation and chemotherapy have considerable adverse effects and
limited effectiveness, which result in poor survival. Therefore, a new strategy is required to
prolong the survival of patients with esophageal cancer.

Photodynamic therapy (PDT) has made remarkable achievements in the treatment of
benign diseases and malignanttumorssince clinical researchbegan. PDT, viaa photosensitizer
and visible light of the appropriate wavelength, results in the production of reactive oxygen
species that destroy tumors and produce photochemical effects in the target area [3]. In
particular, PDT is effective in relieving esophageal obstruction during the treatment of
esophageal cancer patients. It also effectively improves quality of life and prolongs survival
[4, 5]. Accordingly, PDT is widely used in many countries. In China, PDT is approved for
esophageal cancer with porfimer sodium followed by 630 nm wavelength excimer dye
laser irradiation. A retrospective analysis of 90 Chinese esophageal cancer patients who
underwent PDT, PDT combined with chemotherapy, or chemotherapy alone reported that
PDT combined with chemotherapy was superior to PDT alone and chemotherapy alone for
advanced esophageal cancer [6]. An international study investigated the 5-year efficacy and
safety of PDT with Photofrin (PHOPDT) for Barrett’s high-grade dysplasia; 208 patients
were enrolled from 30 sites in 4 countries. This trial showed that PHOPDT is a clinically
and statistically effective therapy for long-term ablation of high-grade dysplasia that reduces
the potential impact of cancer compared with omeprazole alone [7]. Thus, PDT is becoming
increasingly accepted as an alternative therapy for esophageal cancer.

Activation of nuclear factor-kappa B (NF-kB) can be induced by many photosensitizer-
mediated types of PDT [8]. Additionally, NF-kB inhibition improves the sensitivity of tumor
cells to PDT [9]. Furthermore, PDT can upregulate the expression of hypoxia-inducible
factor a (HIF-1a) and vascular endothelial growth factor (VEGF), resulting in tumor
vascularization, and Kwon et al. found that NF-kB activation was related to the expression of
HIF-1a and VEGF [10]. In addition, some researchers found that inactivation of NF-xB could
downregulate the expression of HIF-1a and VEGF in gastric cancer cell lines and in a nude
mouse transplantation model. They suggested that HIF-1a was a downstream target of NF-
kB in the gastric cancer vascularization pathway [11].

Dihydroartemisinin (DHA), which is the most potent artemisinin derivatives, has
anticancer activity in solid cancers such as pancreatic cancer [12] and head and neck
carcinoma [13]. In our previous studies, we showed that DHA augments PDT-induced growth
inhibition and apoptosis in esophageal cancer cells and that inactivation of NF-kB activity is
a potential mechanism [14].

Based on the above results, we supposed that PDT might improve tumor growth via
the NF-kB / HIF-1a / VEGF pathway and that DHA might enhance the sensitivity of cancer
cells to PDT by inhibiting this pathway. We examined this hypothesis using both in vitro and
in vivo approaches, such as electrophoretic mobility shift assay (EMSA) and real-time PCR.

Materials and Methods

Materials

Inhibitor of kB alpha (IkBa) and HIF-1a small interfering RNA (siRNA) viral solutions were obtained
from Shanghai Jikai Gene Chemical Technology (Shanghai, Chnia). DHA (Sigma-Aldrich, St. Louis, MO)
was dissolved in dimethyl sulfoxide (Sigma-Aldrich) and stored at -20°C. 5- Aminolevulinic (ALA) was
reconstituted in RPMI 1640 medium and stored at -20°C. Antibodies against Ki67, HIF-1a, and VEGF were
purchased from Abcam (Cambridge, UK) and antibody against NF-kB p65 was purchased from Cell Signaling
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Technology (Danvers, MA). Horseradish peroxidase-conjugated secondary antibodies were obtained from
Beijing Zhongshan Golden Bridge Biotechnology (Beijing, China), and (3-actin was obtained from Santa Cruz
Biotechnology (Santa Cruz, CA).

Cells and lentiviral transfection

The human esophageal cancer cell line Ecal09 (Laboratory of Medical Genetics, Department of
Biology, Harbin Medical University, Harbin, China) was grown in RPMI 1640 medium containing 10% heat-
inactivated fetal bovine serum (FBS) and 100 U/ml penicillin/streptomycin. Cells were maintained in a
humidified atmosphere of 5% CO2 at 37°C. Once cells reached confluence, they were subcultured using
trypsin digestion. Cells in the logarithmic phase were selected for experiments. The lentiviral transfection
protocol was conducted in accordance with the manufacturer’s recommendations.

Nude mice

All animal handling was carried out in accordance with the National Institute of Health Guide for the
Care and Use of Laboratory Animals (1996 revision) and was conducted with the permission of the ethics
committee of our institution. Forty 3-4-week-old female nude mice weighing 18-20 g were obtained from
Shanghai Slyke Animal Research Center. Tumors were established by subcutaneous injection of 5 x 106
Ecal09 cells into the flanks of the mice. When tumors reached around 25 mm3 in size (at about 7 days),
the mice were randomly assigned to 10 groups (4 animals in each group): control, 5-ALA alone, light alone,
PDT, control for HIF-1a silencing, HIF-1a-silenced, control for stable expression of IkBa, stable expression
of IkBa, DHA, and PDT + DHA. The mice were closely monitored. Tumor size was measured every other day
with calipers and tumor volume was calculated according to the formula: /6 x largest diameter x (smallest
diameter)2. About 2 weeks later, the mice were euthanized, and the tumors were removed and frozen in
-80°C or fixed with 10% paraformaldehyde.

PDT treatment

Ecal09 cells were incubated in 96-well or 6-well flat-bottomed microplates, and the supernatants
were removed and replaced with 200 pl of fresh FBS-free medium. The cells were then treated with 5-ALA
(5-aminolevulinate acid) (0.1-1.0 mmol/L) for 4 h. Prior to irradiation, the cells were washed three times
with phosphate-buffered saline (PBS) and another 200 pl of RPMI 1640 was added before illumination.
Irradiation was carried out using a 630-nm wavelength Diomed 630 PDT system (Diomed Inc., UK) at a
fluence rate of 25 W/cm?2. After irradiation, the medium was replaced with RPMI 1640 containing 10% FBS
with and without various concentrations of DHA.

Real-time PCR

Total RNA was isolated from cell lines and frozen tissue obtained from resected specimens using an
RNeasy Mini Kit (Qiagen, Hilden, Germany). Single-stranded cDNA was synthesized from 1.0 mg of total RNA
using a SuperScript® VILO cDNA synthesis kit and Master Mix (Thermo Fisher Scientific Inc., Waltham, MA).
Quantitative real-time PCR (RT-PCR) was performed using TagMan® Gene Expression Assays and a Step
One Plus Real-Time PCR instrument (Thermo Fisher Scientific Inc.).

Western blot analysis

Ecal09 cells (2 x 105 cells/well) were grown in 6-well plates and cultured overnight to allow for cell
attachment. After the designated treatment 24 h later, whole-cell lysates were prepared using RIPA buffer
(Beyotime Institute of Biotechnology, Jiangsu, China). Total protein samples were centrifuged at 14000 rpm
for 10 min at 4°C and then quantified using the Bradford assay. The protein contents of the cell homogenates
were determined, and samples containing 30 pg total protein were resolved on 12% polyacrylamide sodium
dodecyl sulfate gels and blotted onto polyvinylidene difluoride membranes. The membranes were blocked
with 5% nonfat milk and incubated overnight at 4°C with primary antibodies. After 30-min washes in wash
buffer, the membranes were incubated with the appropriate horseradish-conjugated secondary antibody
for 1 h at room temperature. The blots were visualized using a chemiluminescence detection kit (ECL-PLUS;
HaiGene, Harbin), and anti-f-actin was used to ensure equal loading.
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EMSA

Ecal09 cells (2 x 105 cells/well) were grown in 6-well plates and cultured overnight to allow for cell
attachment. After the designated treatment 24 h later, the cells were washed three times in cold PBS,
scraped in cold PBS, and centrifuged at 5000 rpm for 5 min. The nuclear protein fraction was obtained
using a nuclear extraction kit (Thermo Fisher Scientific, Inc.), and protein concentrations were measured
using a BCA protein assay (Thermo Fisher Scientific, Inc.). The EMSA binding reaction was performed using
an EMSA/Gel-Shift kit (Thermo Fisher Scientific, Inc.), and DNA-protein complexes were resolved by 3 h
electrophoresis in native 6% polyacrylamide gels at 200 V using 0.25 mol/L Na borate, 0.5 mmol/L EDTA,
and 0.25 mol/L Tris, pH 8.0. The gels were vacuum-dried and exposed to Fuji X-ray film at -80°C for 16
to 25 h. The sequences of the probes used here were according to a previous study [14] wild-type NF-xB,
5-GGTTACAAGGGACTTTCCGCTG-3’, and mutant NF-«kB, 5-GGTTAACAACTCACTTTCCGCCTG-3". The dried
gels were visualized using Coollmager (IMGR002), and radioactive bands were quantified using Scion Image
software (Scion Corp., Frederick, MD).

Immunohistochemistry
Immunohistochemical analysis was performed using the Two-Step IHC Detection Reagent (PV-6001)
kit according to the manufacturer’s instructions. Paraffin-embedded tissue blocks containing xenograft
specimens were cut in a microtome (~4 um thick). In brief, tissue sections were deparaffinized in xylene
and rehydrated in a series of graded alcohol solutions according to standard procedures. The sections
were then immersed in 3% hydrogen peroxide for 10 min to quench endogenous peroxidase. Antigen
retrieval was performed for 3 min in a pressure cooker containing 10 mM citrate buffer (pH 6.0) to enhance
immunoreactivity. The slides were then incubated with primary antibody at 4°C overnight. After PBS
washes, rabbit secondary antibody was applied for 20 min at room temperature. Color was developed using
3,3’-diaminobenzidine tetrahydrochloride (Dako, Hamburg, Germany). The slides were then counterstained
with Meyer’s hematoxylin and dehydrated in ethanol. Finally, the slides were mounted and coverslipped
with Resina. The negative control slides were stained with rabbit serum instead of antibodies. All tissue
sections were analyzed by two independent pathologists experienced in immunohistochemical evaluation.

Statistical analysis

All results are expressed as the mean * standard deviation, except for the results from the western
blot assay. One-way ANOVA was used for statistical analysis. A P-value of less than 0.05 indicated statistical
significance.

Results
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Fig. 1. EMSA of NF-kB DNA-binding activity in nuclear extracts

no change in the HIF-1a-
silenced group exposed to
PDT. In accordance with
our previous studies, DHA
significantly abrogated the
ability of PDT to induce NF-
kB activation (P < 0.05, Fig.
1B).

KARGER

in vitro. (A) PDT clearly increased the activity of NF-kB. (B) DHA
significantly abrogated the inductive effect of PDT on NF-kB activation.
Densitometric quantification of the data presented in the top panel.
*P<0.05 compared with the control group. Note: control (C), 5-ALA
treatment (A), single phototherapy (P), PDT single treatment (PDT),
control for HIF-1a silencing (H-), HIF-1a-silenced (H+), stable IkBa
expression control (N-), stable IkBa expression (N+), DHA single
treatment (DHA), PDT and DHA combined treatment (DP).
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Fig. 2. RT-PCR for expression of HIF-1a and VEGFE. (A)
PDT increased the expression of HIF-1a and VEGF. (B)
Combined PDT and DHA treatment notably reduced
the expression of HIF-1a and VEGF. Note: control (C),
5-ALA treatment (A), single phototherapy (P), PDT
single treatment (PDT), control for HIF-1la silencing
(H-), HIF-1a-silenced (H+), stable IkBa expression
control (N-), stable IkBa expression (N+), DHA single
treatment (DHA), PDT and DHA combined treatment
(DP). *P<0.05, **P<0.01.
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Fig. 3. Western blotting for expression of p65,
HIF-1a, and VEGF protein in vitro. (A) PDT
increased the expression of p65, HIF-1a, and
VEGF. (B) Combined PDT and DHA treatment
notably reduced the expression of p65, HIF-1a,
and VEGF. Note: control (C), 5-ALA treatment (A),
single phototherapy (P), PDT single treatment
(PDT), control for HIF-1a silencing (H-), HIF-
la-silenced (H+), stable [kBa expression control
(N-), stable IkBa expression (N+), DHA single
treatment (DHA), PDT and DHA combined
treatment (DP).

PDT increases the gene expression of HIF-

la and VEGF in vitro

As shown in Fig. 2A, the expression levels
of both HIF-1a and VEGF were significantly
higher in the PDT group than in the control group (P < 0.05). However, their expression levels
were clearly reduced in the HIF-1a-silenced and stable IkBa expression groups exposed to
PDT (P < 0.05). Furthermore, combined PDT and DHA treatment reduced the expression of
HIF-1a and VEGF compared with PDT or DHA alone (P < 0.05, Fig. 2B).

PDT upregulates the expression of p65, HIF-1a, and VEGF in vitro

To further verify the effect of PDT on HIF-1a and VEGF, the expression of related
proteins was examined by western blotting. As shown in Fig. 34, cells treated with PDT had
markedly higher expression of p65, HIF-1a, and VEGF than the control group. In contrast,
the expression levels of HIF-1a and VEGF were clearly downregulated in HIF-1a-silenced
cells and stable IkBa expression cells with PDT. However, there was no change in p65 in
HIF-1a-silenced cells. Furthermore, combined PDT and DHA treatment notably reduced the
expression of p65, HIF-1a, and VEGF compared with PDT or DHA alone (Fig. 3B).

PDT inhibits tumor growth

PDT clearly inhibited tumor growth compared with the control group; this inhibition
was more significant in HIF-1a-silenced and stable IkBa expression groups (P<0.05, Fig. 4A).
Furthermore, combined PDT and DHA treatment inhibited tumor growth more than DHA or
PDT alone (P < 0.05, Fig. 4B).

PDT increases NF-kB activity in vivo

As shown in Fig. 5A, PDT increased the activity of NF-xB compared with the control
group (P < 0.05). Nevertheless, the activity of NF-kB was clearly reduced in the stable IxBa
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Fig. 4. Tumor growth curve. (A) PDT clearly inhibited tumor growth compared with the control group. (B)
Combined PDT and DHA treatment more greatly inhibited tumor growth than DHA or PDT alone. Note:
control (C), 5-ALA treatment (A), single phototherapy (P), PDT single treatment (PDT), control for HIF-1a
silencing (H-), HIF-1a-silenced (H+), stable IkBa expression control (N-), stable IkBa expression (N+), DHA
single treatment (DHA), PDT and DHA combined treatment (DP).
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Fig. 5. EMSA of NF-kB DNA-binding activity in nuclear extracts in vivo. (A) PDT clearly increased the activity
of NF-xB. (B) DHA significantly abrogated the inductive effect of PDT on NF-xB activation. Densitometric
quantification of the data presented in the top panel. *P<0.05 compared with the control group. Note:
control (C), 5-ALA treatment (A), single phototherapy (P), PDT single treatment (PDT), control for HIF-1a
silencing (H-), HIF-1a-silenced (H+), stable IkBa expression control (N-), stable IkBa expression (N+), DHA
single treatment (DHA), PDT and DHA combined treatment (DP).

expression group, whereas there was no clear change in HIF-1a-silenced cells. Similarly,
combined PDT and DHA treatment significantly inhibited the activity of NF-kB compared
with PDT or DHA alone (P < 0.05, Fig. 5B).

Combined PDT and DHA treatment decreases the gene expression of HIF-1a and VEGF in
Vivo
The expression levels of the HIF-1a and VEGF genes were assessed with RT-PCR. As shown in
Fig. 6, combined PDT and DHA treatment significantly inhibited the expression of the HIF-1a
and VEGF gene compared with PDT alone (P < 0.05, Fig. 6).
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Fig. 7. Western blotting for expression
of p65, HIF-1a, and VEGF protein in vivo.
Combined PDT and DHA treatment notably
reduced the expression of p65, HIF-1q,
and VEGFE. Note: control (C), PDT single
treatment (PDT), DHA single treatment
(DHA), PDT and DHA combined treatment
(DP).

Combined PDT and DHA
treatment downregulates the
expression of p65, HIF-1a, and
VEGF in vivo
As above, western blotting was used
to test the expression of p65, HIF-1a,
and VEGE. The results revealed that
combined PDT and DHA treatment
clearly decreased the expression of
p65, HIF-1a, and VEGF compared
with PDT alone (Fig. 7).

Combined PDT and DHA
treatment inhibits the expression
of Ki-67, NF-xkB, HIF-la, and
VEGF protein in vivo

Fig. 8. Immunohistochemical expression of Ki67, NF-kB,
HIF-1a, and VEGF. Combined PDT and DHA treatment
downregulated the expression of Ki-67 (control, a;
combined treatment, b), NF-xB (control, c¢; combined
treatment, d), HIF-1a (control, e; combined treatment, f),
and VEGF (control, g; combined treatment, h).

Immunohistochemistry was used to detect the expression levels of proteins. Combined
PDT and DHA treatment downregulated the expression of Ki-67, NF-kB, HIF-1a, and VEGF
compared with the control group (Fig. 8).
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Discussion

In the present study and our previous studies, we found that 5- ALA-PDT induced cell
apoptosis and reduced cell viability in esophageal cancer cells in vitro and in vivo [14]. In
this study, we further investigated the effect of 5-ALA-PDT on the expression of NF-kB, HIF-
la, and VEGF in esophageal cancer cells as well as the possible molecular mechanisms.
Esophageal cancer has high morbidity and mortality, partly because patients tend to be
diagnosed at an advanced stage and with esophageal obstruction, which seriously affects
their quality of life. Thankfully, an effective medical treatment, PDT, has been found to relieve
the esophageal obstruction by inducing localized tumor destruction via the photochemical
generation of cytotoxic singlet oxygen [15-19].

NF-kB is a critical transcription factor that regulates various cell processes, including
embryonic development, immunity, apoptosis, angiogenesis, and proliferation [20]. Prior
to activation, NF-«kB protein is predominantly restricted to the cytosol by associating with
members of the IkB family. Phosphorylation of IkB by IkB kinases triggers the degradation of
IkB and allows the translocation of NF-kB to the nucleus. In the present study, as determined
using EMSA, PDT activated NF-xB in esophageal cancer cells in vitro and in vivo. However,
DHA significantly abrogated the inductive effects of PDT on NF-kB activation. The activation
of NF-xB induced by PDT was first found by Ryter et al. in their study on the Photofrin-
mediated PDT treatment of leukemia in 1993 [21]. Researchers have subsequently found
this phenomenon in PDT mediated by other photosensitizers, such as 5-ALA and zinc
phthalocyanine [22-24]. Activated NF-kB induced cell apoptosis through the J[NK pathway ina
study of Ca9-22 oral cancer cells treated with 5-ALA-PDT [22]. Broekgaarden et al. found that
siRNA knockdown of NF-kB increased survival signaling in murine breast carcinoma (EMT-
6) cells and exacerbated the inflammatory response in murine RAW 264.7 macrophages.
These results suggested a pro-death and immunosuppressive role of NF-kB in PDT-treated
cells [23]. However, some researchers have proposed that NF-kB plays a negative role in
PDT treatment of tumors. Coupienne et al. found that inhibition of NF-kB improved the
glioblastoma cell death in response to 5-ALA-PDT [9]. Our previous study also demonstrated
that PDT could enhance NF-kB activation in esophageal cancer cell lines and that inhibition
of NF-xB activation could increase the rates of cell growth inhibition and apoptosis [14].

HIF-1q, as a master regulator of the transcriptional response to oxygen deprivation in
cancer cells,was alsoinduced by PDT in our study. This factor upregulates a series of genes that
support the tumor cell to compensate for the hypoxic microenvironment [25]. Koukourakis
et al. examined the expression of HIF-1a and HIF-2a in 37 early-stage esophageal cancers
treated with PDT; they found that high expression of HIF-1a was negatively correlated with
the effects of PDT [26]. Moreover, study of the effect of 5-ALA-mediated PDT on esophageal
cancer cells suggested that hypoxia-induced HIF-la overexpression attenuated PDT
efficacy through both angiogenesis and possibly cellular resistance to death [27]. VEGF a
downstream target gene of HIF-1q, is one of the most important angiogenic proteins. Its
binding to specific receptors induces proliferation and migration of vein endothelial cells,
improved vascular permeability, and eventually angiogenesis [28]. Similarly, in our study, its
transcriptional activity and protein expression was also higher in the PDT group than in the
control group. Using a transplantable BA mouse mammary carcinoma, Ferrario et al. found
that Photofrin-mediated PDT induced expression of the HIF-1a subunit of the heterodimeric
HIF-1 transcription factor and also increased VEGF protein levels [29]. Jiang et al. used
monoclonal antibodies against VEGF on intracranial glioblastoma xenografts in nude mice
and found that the antibody could significantly strengthen the effect of PDT [30]. All of these
studies showed that the expression of HIF-1a and VEGF could induce angiogenesis and
attenuate PDT efficacy.

NF-kB expression in tumor tissues is significantly correlated with HIF-1a expression,
VEGF expression, and the presence of vascular invasion [31]. Inhibitors of NF-kB, such as
BAY11-7028, can suppress HIF-1a and VEGF [32]. In addition, a study of the antiangiogenic
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effects of a novel synthetic curcumin analog in pancreatic cancer demonstrated that the
curcumin analogues EF31 and UBS109, which can inhibit NF-kB transcription, induced the
downregulation of HIF-1a and VEGF in vivo [33]. Consistent with these studies, our findings
confirmed that 5-ALA-PDT induced NF-xB activation during treatment of esophageal cancer
cells, which increased the expression of the downstream proteins HIF-1a and VEGE. HIF-1«
and VEGF were clearly downregulated in HIF-1a-silenced cells and stable IkBa expression
cells. However, there was no change in p65 in HIF-1a-silenced cells. Combined PDT and DHA
treatment notably reduced the expression of p65, HIF-1a, and VEGF compared with the PDT
or the DHA. Therefore, we proposed the hypothesis that vascularization might be induced by
PDT through the NF-xB/HIF-1a/VEGF pathway. In our opinion, PDT induces the activation
of NF-kB, which activates HIF-1a/VEGF and thereby causes vascularization. These effects
support blood vessels for tumor growth and eventually impair the effect of PDT. In our study,
we proved the hypothesis at the molecular, cellular, and animal levels.

Based on these results, we expect that an anti-tumor drug will be found to enhance
sensitivity to PDT by suppressing tumor vascularization through the NF-xB/HIF-1a/VEGF
pathway. DHA, which is the most potent artemisinin derivative, has exhibited anticancer
activity in various cancers, including osteosarcoma and fibrosarcoma [12]. We previously
showed that DHA might be a novel therapeutic agent for esophageal cancer [34]. In addition,
some studies suggested that DHA had anti-angiogenic effects. In a study of the effect of DHA
on gliomas, DHA suppressed the expression of HIF-1a and VEGF due to hypoxia [35]. In our
previous and present studies, we showed that DHA augments PDT-induced growth inhibition
via inactivation of NF-kB in esophageal cancer cells in vitro and in vivo. In our view, DHA has
the capacity to inhibit the activation of NF-kB by PDT, which downregulates the expression
of the angiogenic proteins HIF-1a and VEGF and thereby inhibits vascularization.

Conclusion

PDT can activate the NF-xB/HIF-1a/VEGF pathway and DHA can sensitize esophageal
cancer cells to PDT by inhibiting this pathway. Further in-depth studies are required to
explore the basic theory, perform drug screening and preclinical pharmacological research,
and develop a clinical application. Next, we intend to investigate the mechanism of tumor
vascularization of PDT.
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