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Abstract: Gold nanoparticles and near infrared-absorbing light are each innocuous to tissue 

but when combined can destroy malignant tissue while leaving healthy tissue unharmed. This 

study investigated the feasibility of photothermal ablation therapy for esophageal adenocarci-

noma using chitosan-coated gold/gold sulfide (CS-GGS) nanoparticles. A rat esophagoduodenal 

anastomosis model was used for the in vivo ablation study, and three human esophageal cell 

lines were used to study the response of cancer cells and benign cells to near infrared light after 

treatment with CS-GGS. The results indicate that both cancerous tissue and cancer cells took up 

more gold nanoparticles and were completely ablated after exposure to near infrared light. The 

benign tissue and noncancerous cells showed less uptake of these nanoparticles, and remained 

viable after exposure to near infrared light. CS-GGS nanoparticles could provide an optimal 

endoluminal therapeutic option for near infrared light ablation of esophageal cancer.

Keywords: carcinoma, gold nanoparticles, ablation, near infrared, chitosan, drug uptake, 

cancer

Background
Esophageal cancer is the seventh most common cause of cancer-related deaths 

 worldwide.1 Although squamous cell carcinoma is still the dominant histological 

type in Europe and Asia, the incidence of adenocarcinoma has been on the increase 

in the US and Europe, and today accounts for approximately 30% of all esophageal 

cancers.2–4 The reasons for the increasing incidence are not clear, but hypotheses 

include population trends in obesity that increase the risk of gastroesophageal reflux, 

as well as the continuing decline in Helicobacter pylori infection.5 Only a subpopula-

tion of patients appears to benefit from treatment, which is generally either surgery or 

a combination of radiation and chemotherapy for localized tumors. Survival rates are 

poor for patients with esophageal cancer; patients with advanced metastatic cancer 

who are treated with palliative chemotherapy have a median survival of less than one 

year, and the 5-year survival rate of all patients diagnosed is only 14%.6

Multimodality therapy remains the optimal treatment strategy for esophageal 

cancer, and includes surgery, radiotherapy, chemotherapy, and endoscopic therapy. 

 However, limitations of all therapies persist in regard to performance status, comor-

bidities, intolerance to therapy, and limited local and systemic antineoplastic activity. 

Neither radiotherapy nor chemotherapy has shown a significant survival advantage.7 

In addition, esophageal stenosis worsens during the course of radiation therapy, 

and patients may experience dysphagia and intake disorders,8 which can substan-

tially decrease quality of life. Thus, there is a need for novel strategies to improve 

Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
2153

O R I G I N A L  R E S E A R C h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org./10.2147/IJN.S37140

 
In

te
rn

at
io

na
l J

ou
rn

al
 o

f N
an

om
ed

ic
in

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

54
.7

0.
40

.1
1 

on
 1

0-
A

ug
-2

01
8

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

mailto:yan.li@louisville.edu
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org./10.2147/IJN.S37140


International Journal of Nanomedicine 2013:8

current therapy. The concept of using the combination of 

a light source and nanoparticles to ablate cancerous tissue 

without damaging healthy tissue could have a competitive 

advantage when compared with the current therapeutic strate-

gies for esophageal adenocarcinoma.9

Recently, strategies for cancer treatment using polymeric 

nanoparticles have been developed. Polymeric nanoparticles, 

which are solid colloidal particles smaller than 1000 nm, 

can be classified into two main subgroups, ie, nanospheres 

and nanocapsules.10,11 Because nanoparticles have unique 

characteristics, including a very small particle size, a high 

surface area, and the possibility of surface modification, they 

have been attracting much interest for drug delivery purposes 

during recent years. However, despite much initial promise, 

their success has so far been limited. Problems related to 

nanoparticle drug delivery include the limited quantity 

of nanoparticle preparations available and the toxicity of 

chemotherapeutic drugs. In addition, targeting specificity 

remains a key problem.12

Light-absorbing metallic nanoparticles designed to 

have maximal resonance at a particular wavelength can 

be used in conjunction with a near infrared light source 

to trigger a photothermal effect in the particles, whereby 

electronic oscillations at the particle surface are converted 

into heat.13 Several classes of near infrared-absorbing 

nanoparticle formulations have resulted in particles that are 

nontoxic to biological tissues and have demonstrated the 

potential to deliver heat to tumors with minimal damage to 

healthy surrounding tissues.14 These include nanorods,15–18 

nanocages,11,19 nanoshells,20–23 and gold/gold sulfide (GGS) 

nanoparticles.24,25 The resulting localized hyperthermia has 

been shown to induce damage to individual cells, creating a 

very elegant targeted and potent therapeutic agent. When the 

nanoparticles get comparatively hot, several effects are pro-

duced, including denaturing target cells, triggering bubble 

nucleation, and imparting a mechanical stress to target cells, 

the end result of which is cell death. In previous studies, we 

have demonstrated the photothermal ablation effect of gold 

nanoparticles targeted to particular cells,26,27 and the use of 

gold sulfide nanoparticles in in vitro and in vivo  applications. 

In the research presented in this paper, GGS nanoparticles 

were coated with a natural polymer (chitosan) to offer 

distinctive advantages for biocompatibility.9 We used 

chitosan-coated gold/gold sulfide (CS-GGS) nanoparticles 

to investigate the effect of photothermal ablation in both 

esophageal cell lines in vitro and a rat esophageal cancer 

model in vivo established in our laboratory using surgical 

esophagoduodenal anastomosis (EDA).

Materials and methods
Preparation of CS-GGS nanoparticles
GGS nanoparticles with controllable near-infrared absorp-

tion were prepared by mixing 1.71 mM HAuCl
4
 (Au 49.68%, 

Alfa Aesar, Ward Hill, MA, USA) with 3 mM Na
2
S

2
O

3
 5H

2
O 

(99.999%, Sigma-Aldrich, St Louis, MO, USA) solutions. A 

Na
2
S

2
O

3
 solution was added rapidly to the HAuCl

4
 solution at a 

volume ratio to give the desired final peak near infrared wave-

length. The size of the GGS nanoparticles observed by trans-

mission electron microscopy was in the range of 30–90 nm, 

with a hydrodynamic size of approximately 290 nm.

EDA model to induce esophageal cancer
We established an EDA model to induce stepwise carcino-

genetic transformation of esophageal cancer.28,29 We have 

demonstrated that the EDA model is consistent with the clini-

cally relevant pathological changes of esophageal cancer.30,31 

The EDA surgical procedure was performed as described 

previously. In brief, 8-week-old Sprague-Dawley rats were 

anesthetized with 60 mg/kg of sodium pentobarbital. The gas-

troesophageal junction was ligated flush with the stomach, and 

the distal esophagus was transected proximal to the ligature. An 

enterotomy was made 1 cm distal to the pylorus on the antimes-

enteric border. The distal esophagus was anastomosed to the 

duodenal enterotomy with mucosal-to-mucosal opposition.

Preparation of CS-GGS nanoparticles
GGS nanoparticles with controllable near infrared absorp-

tion were prepared by mixing 1.71 mM HAuCl
4
 and 3 mM 

Na
2
S

2
O

3
 ⋅ 5H

2
O solutions.

Murine endoscopy, GGS nanoparticle 
delivery, and near infrared light exposure
In this study, we used a murine endoscope32 to guide delivery 

of the gold nanoparticles into the esophageal mucosa, and 

used a 400 µm fiber optic probe for exposure to near infrared 

light in the EDA rat. Gold nanoparticles were delivered by 

a 22-gauge aspiration needle through a 2.8 mm protective 

sheath with the assistance of a microendoscope. A bare fiber 

optic probe was inserted into the esophageal lumen through 

the protective sheath. The light source used for exposure 

to near infrared light was a 30 W FAP-I system (Coherent, 

Santa Clara, CA, USA), with a wavelength of 818 nm. For 

treatment, a power density of 3 W/cm2 was used, based on 

previous studies.22 Two procedures were used for exposure to 

near infrared light, ie, external and internal exposure. The rats 

were anesthetized for both procedures. For external exposure, 

the rat was shaved on the abdominal area, with the EDA site 
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directly underneath, and 20% glycerol was applied to the 

skin to prevent direct injury by near infrared light. The near 

infrared light probe was placed vertically on the abdominal 

area directly over the EDA (10 cm). The near infrared light 

exposure area was 2 cm in diameter on the abdominal skin. 

Internal exposure was performed under microendoscopy, with 

the near infrared light probe located at the targeted esophageal 

epithelial tissue. Twenty-four hours after delivery of the CS-

GGS nanoparticles, exposure to near infrared light was per-

formed at the local targeted tissue, both at high exposure (one 

minute at 3 W/cm2) or low exposure (30 seconds at 1 W/cm2).

histopathology
The entire esophagus was removed and opened longitudinally 

to examine for evidence of gross morphological changes. 

Evidence of reflux esophagitis, Barrett’s esophagus, and 

esophageal adenocarcinoma was sought microscopically in 

the esophageal epithelium as reported elsewhere.33 Uptake of 

the nanoparticles was detected by silver enhancement.

TUNEL assay of ex vivo samples
In addition to the histology study, a TUNEL assay was used 

to evaluate cell death in esophageal epithelium closest to the 

area of near infrared light exposure. An ApopTag® in situ 

apoptosis detection kit (Intergen Company, Purchase, NY, 

USA) was used to detect apoptotic cells following a method 

reported previously.34,35

In vitro testing
Three esophageal cell lines were used to analyze further 

the response of the esophageal cells to the CS-GGS nano-

particles and near infrared light. The cells used were a 

human squamous esophageal epithelium cell line (Het-1A), 

a Barrett’s epithelium cell line (BAR-T), and an esophageal 

adenocarcinoma cell line (OE-19). The three cell types were 

seeded in 24-well plates at a density of 2 × 105 cells per well 

for treatment with CS-GGS nanoparticles. Two days after 

plating, the cells were treated with serum-free medium for 

12 hours, and then treated with CS-GGS nanoparticles at a 

concentration of 1 OD (diluted from a 25 OD stock solution of 

CS-GGS nanoparticles). The particle concentration at 1 OD is 

estimated to be 3 × 1011 particles per mL based on scattering 

theory and geometric/size analysis. Twenty-four hours after 

application of the nanoparticles, the cells were exposed to near 

infrared light using an FAP-I laser system at a wavelength of 

818 nm and a power density of high exposure (one minute at 

3 W/cm2) or low exposure (30 seconds at 1 W/cm2). Silver 

staining was used to detect nanoparticle loading in the cells.

Cell viability assay
To study cell viability after treatment with CS-GGS nano-

particles and near infrared light, we performed a 3-(4, 

5-dimethyl-thiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

(MTT, Sigma-Aldrich) reduction assay according to previ-

ous reports. One day after seeding, the cells were treated 

with either nanoparticles for 12 hours or exposed to near 

infrared light at either high or low exposure. MTT was added 

to the cultured cells at 10 µL/well (5 mg/mL in phosphate-

buffered solution) 4 hours before the end of treatment with 

the nanoparticles and near infrared light. Absorbance was 

determined spectrophotometrically using a plate reader at 

a wavelength of 570 nm. Mean optical density values from 

triplicate wells for each treatment were used as the index 

of cell viability.

Western blotting
To study the response of the cells to treatment with nano-

particles and near infrared light, we performed Western 

blotting to determine the presence of protective proteins 

(catalase, manganese superoxide dismutase, copper/zinc 

superoxide dismutase, and heat shock protein 60) along 

with the cell death effector (caspase-3) in esophageal 

epithelium.

Statistical analysis
The Student’s t-test was performed, assuming unequal 

variance. The results are expressed as the mean ± standard 

deviation. Comparisons were made between groups using 

analysis of variance. A P value , 0.05 was considered to be 

statistically significant.

Results
EDA-induced metaplasia  
and adenocarcinoma in rat  
esophageal epithelium
In previous studies, we reported that the endoscopic 

appearance of EDA esophageal mucosa is characterized 

by wall thickening, polypoid fold formation, ulceration, 

and wall hypomotility. In contrast with EDA mucosa, the 

normal rat esophageal mucosa has a squamous epithelium 

that looks smooth and white, with blood vessels that are 

clearly visible beneath the surface.32 In this study, we 

performed murine endoscopy on the EDA rats 4 months 

after the surgical procedure. At endoscopy, we found 

morphological changes similar to our previous findings in 

EDA mucosa. In addition, we found suspicious red-colored 
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A

B

C

1 2 3

1 2 3

1 2 3

100 µm 100 µm 100 µm

Figure 1 Endoscopic view, gross anatomy, and histology. (A) Endoscopic view of the esophageal epithelium. (A1) Normal esophageal epithelium; (A2) suspicious glandular 
epithelium appearing red-colored in the mucosa of the esophagoduodenal anastomosis, which was subsequently demonstrated to be Barrett’s metaplasia by histology; and 
(A3) suspicious glandular epithelium, which was later demonstrated to be esophageal adenocarcinoma by histology. (B) Gross anatomy. (B1) Normal esophageal epithelium; 
(B2) polypoid folders caused by esophagoduodenal anastomosis, with red mucosal patch in the esophageal epithelium; and (B3) tumor growing in the esophagoduodenal 
anastomotic site. (C) histology of esophageal epithelium. (C1) Normal esophageal epithelium; (C2) Barrett’s metaplasia; and (C3) esophageal adenocarcinoma.

glandular epithelium in the EDA mucosa (Figure 1A). 

Before performing photothermal ablation therapy with 

nanoparticles and laser light, three EDA rats were sac-

rificed to verify the presence of Barrett’s metaplasia and 

esophageal adenocarcinoma. EDA specimens from three 

rats were harvested and opened longitudinally to examine 

for gross abnormalities. The tumor could be seen growing 

in the EDA site, while the red and texturized mucosa was 

patched in polypoid folders (Figure 1B). Both the tumor 

tissue and red mucosa were then isolated and prepared for 

histological study. Hematoxylin and eosin staining and 

microscopic imaging demonstrated that the red mucosa 

and tumor tissue was metaplasia and adenocarcinoma, 

respectively. On endoscopy, Barrett’s metaplasia and adeno-

carcinoma were found at the anastomotic site but separate 

from the duodenal epithelium. On microscopy, Barrett’s 

metaplastic epithelium and adenocarcinoma were seen as 

submucosal ducts with the appearance of goblet cells. The 

histological changes for Barrett’s metaplastic epithelium 

and adenocarcinoma were consistent with our endoscopic 

 findings. Representative histology of Barrett’s esophagus 

and esophageal  adenocarcinoma on staining with hema-

toxylin and eosin are shown in Figure 1C.

Killing of cells loaded with CS-GGS 
nanoparticles and exposed to near 
infrared light in vivo
After the pilot study for endoscopic determination of 

metaplasia and adenocarcinoma, we compared the effect of 

uptake of gold nanoparticles and exposure to near infrared 

light in EDA and normal esophageal mucosa. CS-GGS 

nanoparticles were delivered through the endoscope to the 

lower esophageal lumen, where the appearance of Barrett’s 

metaplasia and adenocarcinoma in the mucosa was highest. 

Twenty-four hours after delivery of the nanoparticles, the 

lower esophagus was exposed to near infrared light in the 

treatment group; the control group received neither nano-

particles nor exposure to near infrared light (Figure 2A). 

After exposure, the esophageal tissues were harvested to 

investigate uptake of CS-GGS nanoparticles and the cel-

lular response to subsequent exposure to near infrared light. 

Hematoxylin and eosin staining and the TUNEL assay were 
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Exposure to near infrared light destroyed 
cancer cells with high affinity to CS-GGS 
nanoparticles in vitro
We evaluated death in cells induced by loading CS-GGS 

nanoparticles and exposure to near infrared light in vitro. 

Three types of epithelial cells (HET-1A, benign; BAR-T, 

metaplasia; OE-19, adenocarcinoma) were treated with CS-

GGS nanoparticles for 24 hours, and then exposed to near 

infrared light. We found that the OE-19 cells showed very 

high affinity for the nanoparticles, and most OE-19 cells 

loaded with nanoparticles were completely ablated upon 

exposure to near infrared light. Under the microscope, most 

Het-1A cells did not show uptake of CS-GGS nanoparticles, 

whereas a few BAR-T cells showed a small amount of 

uptake compared with OE-19 cells (Figure 3). The BAR-T 

cells did not show any uptake of nanoparticles, with most 

of the nanoparticles remaining clustered in the extracellular 

regions. Exposure to near infrared light destroyed most of 

the OE-19 cells, whereas the HET-1A and BAR-T cells 

remained viable (Figure 3).

Effects of CS-GGS nanoparticles  
and near infrared light on benign, 
metaplastic, and cancer cells
We demonstrated that near infrared light could destroy the 

cells loaded with gold nanoparticles but not the control 

cells. This observation potentially reflects a photothermal 

effect occurring when the gold nanoparticles are heated. 

We then evaluated the effects of the nanoparticles and near 

infrared light exposure on cell viability in vitro. To quantify 

cell viability in response to exposure to near infrared light 

and to the nanoparticles, we performed an MTT assay in 

which optical density was used as an index for cell growth. 

As shown in Figure 4A, neither treatment with CS-GGS 

nanoparticles nor exposure to near infrared light affected 

the viability of any of the three cell lines after 24 hours 

when compared with controls (P . 0.05). However, the cell 

death rate was increased significantly in OE-19 cells loaded 

with the nanoparticles after exposure to near infrared light 

(Figure 4A). In addition, we evaluated whether gold nano-

particles and exposure to near infrared light could affect 

expression of cell defense proteins (manganese superoxide 

dismutase, catalase, and copper/zinc superoxide dismutase) 

or the cell death effector (caspase-3). These parameters 

were chosen because a large body of work implicates 

mitochondrial impairment as being an important cause of 

cell death, particularly given that the mitochondria serve 

A

B
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view Gross anatomy

Histology
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Figure 2 Mucosal ablation in the esophageal lumen as a result of loading with gold 
nanoparticles and exposure to near infrared light. (A) Delivery of gold nanoparticles 
and exposure to near infrared light in the esophageal lumen. Gross anatomy and 
histology in the ablated area is shown. (B) Apoptosis associated with thermal 
ablation in the adjacent tissue after exposure to near infrared light.
Abbreviations: UT, untreated; GN +nIR, gold nanoparticles treated with infrared light.

used to assess esophageal epithelial cell death and apoptosis. 

In the slides stained with hematoxylin and eosin, we found 

that exposure to near infrared light without nanoparticle 

loading had no effect on the normal esophageal mucosa, 

metaplastic mucosa, or adenocarcinoma mucosa (data not 

shown). In contrast, exposure to near infrared light showed 

cell death when gold nanoparticle loading was evident. Gold 

nanoparticle loading was demonstrated by histology with 

silver staining (Figure 2A). As expected, the esophageal 

mucosa not containing gold nanoparticles remained viable 

after exposure to near infrared light. To evaluate the tis-

sue adjacent to the region exposed to near infrared light, 

we did a TUNEL assay on the paraffin-embedded slides, 

and numerous TUNEL-positive cells were found in the 

esophageal epithelium of the animals treated with nano-

particles and exposure to near infrared light. However, in 

control animals which received neither nanoparticles nor 

near infrared light, the number of TUNEL-positive cells in 

the esophageal epithelium was much lower. An apoptotic 

index was obtained by counting the percentage of TUNEL-

positive epithelial cells, and this was significantly increased 

in EDA tissue exposed to near infrared light compared with 

that in the esophageal epithelium of controls (P , 0.05). 

Representative apoptosis using the apoptotic index is shown 

in Figure 2B.
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UT GN loading GN + nlR

HET-1A

BAR-T
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100 µm 20 µm100 µm 100 µm20 µm

100 µm 20 µm100 µm 100 µm20 µm

100 µm 20 µm100 µm 100 µm20 µm

Figure 3 Cytotoxic effect of loading with gold nanoparticles in three esophageal cell lines (first column is lower magnification and second column is higher magnification).
Notes: Arrow: gold nanoparticle loading in cells. Red arrow head: cells were removed after near infrared light exposure.
Abbreviations: UT, untreated; GN, gold nanoparticles; GN + nIR, gold nanoparticles treated with infrared light.
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Figure 4 Effects of gold nanoparticle loading and exposure to near infrared light 
in three esophageal cell lines. (A) Effect of gold nanoparticles and near infrared 
light on cell viability in all three cell lines. There is no difference in cell viability 
after treatment with gold nanoparticles alone or exposure to near infrared light 
alone. (B) The effect of gold nanoparticles and nIR light on MnSOD, Cu/ZnSOD 
and catalase in three cell lines. There is no difference for the key protective 
proteins (catalase, MnSOD, Cu/ZnSOD, and GAPDh) in three cell lines. (C) 
The effect of gold nanoparticles and near infrared light on caspase-3 in all three 
cell lines.
Notes: Caspase-3 expression is in an inactive form in all three cell lines and no 
active forms, such as p20 or p17, were cleaved in the three cell lines after treatment 
with gold nanoparticles or exposure to near infrared light.

as gatekeepers for the “life-or-death” decision.36 Therefore, 

we studied mitochondrial manganese superoxide dismutase, 

which is a major cell defense protein against cell death. 

The other two major proteins, catalase and copper/zinc 

superoxide dismutase, are also important in cell defense 

against insults from oxidative stress. Caspase-3 is an impor-

tant cell death effector in the extrinsic and mitochondrial 

pathways. We evaluated the responses of all these proteins 

to treatment with CS-GGS nanoparticles and exposure to 

near infrared light in the three esophageal cell lines. The 

Western blot results show that neither the nanoparticles 

nor exposure to near infrared light affected these proteins 

(Figure 4B and C).

Discussion
Current multidisciplinary treatments for esophageal 

adenocarcinoma include radiotherapy, chemotherapy, 

and surgical resection. However, there is still a need to 

optimize local therapy using novel alternatives which 

overcome toxicity and intolerance and improve the present 

modest response rates. In this study, we investigated the 

possibility of treating esophageal cancer by introducing 

near infrared-absorbing CS-GGS nanoparticles and laser 

exposure through an endoscope in our established rat 

EDA model. The CS-GGS nanoparticles were taken up 

readily by tumor cells, with relatively low cytotoxicity 

to healthy cells. This novel material has many attrac-

tive features, including biocompatibility, no heavy metal 
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toxicity, and strong optical absorption in the near infrared 

region, allowing development for photothermal therapeutic 

application.

This study demonstrates three advantages of a potential 

photoablative therapy to combat esophageal cancer:

•	 endoscopic delivery, whereby gold nanoparticles can be 

delivered with the assistance of a microendoscope via a 

needle and protective sheath; near infrared light expo-

sure is successfully performed using a microfiber probe 

integrated with a laser system in the esophageal lumen; 

and endoscopic delivery may conceivably provide the 

opportunity to ablate esophageal cancer in patients who 

are not candidates for surgery

•	 two techniques which are each innocuous until combined, 

with near infrared light exposure not affecting normal 

esophageal tissue unless it was loaded with CS-GGS 

nanoparticles, suggesting that gold nanoparticles coupled 

with near infrared light exposure could enable thermal-

based ablation targeted specifically at cancerous tissue, 

which is consistent with other reports14

•	 an ability to target cancer cells selectively, as indicated 

in vitro by the high affinity of malignant OE-19 cells for 

CS-GGS nanoparticles, whereas the two benign cell lines, 

ie, BAR-T and HET-1A cells, showed less affinity; the 

differential uptake of CS-GGS between cancerous and 

benign tissue could enable targeted destruction of only 

cancerous tissue.

There are questions that remain to be answered, as well 

as technical obstacles to be overcome in future studies. First, 

loading with CS-GGS nanoparticles could be a dynamic 

process, in which accumulation of the nanoparticles in 

esophageal adenocarcinoma could reach a peak at a certain 

time point in vivo. Peak loading could involve an “optimal 

therapeutic window” for near infrared light exposure, and 

this will need to be explored in future research. Second, it 

needs to be confirmed that normal esophageal epithelial 

or submucosal cells do not take up CS-GGS nanoparticles 

in vivo, to ensure that near infrared light only destroys 

cancer cells loaded with nanoparticles and not normal 

healthy cells. In our study, we found that some regions on 

the esophageal mucosa were “burned” on exposure to near 

infrared light, and these regions were later demonstrated to 

include both cancerous and adjacent healthy tissue. In the in 

vitro study, we have found that HET-1A, a benign esopha-

geal cell line, had very low affinity for gold nanoparticles, 

so the observed photothermal ablation effect on adjacent 

benign tissue could indicate infiltration by inflammatory 

cells, such as phagocytes, but this needs to be confirmed. 

Therefore, uptake of these nanoparticles in both cancerous 

and benign tissue needs to be evaluated further in vivo. 

A dynamic uptake study may help us to understand better 

the nature of nanoparticle loading in cancerous tissue and 

to what extent, if any, this occurs in benign esophageal 

mucosa. A dynamic study of this sort would allow us to 

determine if nanoparticle loading differs between benign 

and cancerous tissue, and if there is a time point when the 

nanoparticles become highly concentrated in cancerous tis-

sue but not in healthy tissue. Third, it is generally accepted 

that these nanoparticles are not associated with heavy metal 

toxicity. We did not observe any toxic effects of CS-GSS 

nanoparticles on the benign HET-1A and BAR-T cell lines. 

However, the potential for metabolism of CS-GSS nano-

particles in the body needs to be evaluated further in vivo, 

particularly with regard to any toxic effects on the brain, 

kidney, and heart.

Regarding the technical obstacles, there are some impor-

tant issues which require attention in a future study. In our 

study, the CS-GSS nanoparticles were sprayed onto the sur-

face of suspicious mucosa at a high concentration (50 OD) 

to ensure absorption. One needs to take great care with direct 

injection of nanoparticles so as to minimize the risk of them 

becoming trapped in the interstitium of benign tissue. Our 

in vitro study showed that although the benign Het-1A cells 

did not become loaded with nanoparticles, we did find a large 

amount of gold nanoparticles attached on the bottom of the 

culture plate, which was probably the result of precoating 

the plate with a mixture of fibronectin, collagen type I, and 

bovine serum albumin, which are necessary for the growth 

of Het-1A cells. These extracellular matrices are very rich 

in interstitium, so loading of esophageal tissue with CS-GSS 

nanoparticles needs to be well controlled.

Another important issue is the use of a laser probe in the 

esophageal lumen. We used a murine endoscope to guide 

cannulation of a microfiber probe to the target esophageal 

epithelium. Although exposure to near infrared light is safe 

in esophageal epithelium not loaded with nanoparticles, the 

microfiber optic probe could cause injury to this tissue if it is 

too close to is directly touching the surface of the esophageal 

epithelium. During an attempt at external near infrared illu-

mination, in which we placed the laser directly on top of the 

body, no ablation of the esophageal mucosa was observed, 

even though the mucosa was loaded with nanoparticles. 

Part of the reason for this could have been the depth of 

penetration of near infrared light into the body. A modified 

radiofrequency might need to be used to improve penetration 

of near infrared light into deeper sites of interest.
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In this study, we investigated the ability of near infrared-

absorbing CS-GGS nanoparticles to destroy esophageal 

cancer cells using an endoscopic procedure. Taken together, 

our study shows that introducing near infrared-absorbing 

CS-GGS nanoparticles into the esophageal mucosa to 

ablate cancer tissue under endoscopy is technically feasible. 

This technology holds exciting potential for use in patients 

with esophageal cancer who are not candidates for surgery, 

although considerable research on this strategy remains to 

be done in the future.
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