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Abstract

Purpose To determine the tumor immune cell landscape

after transcatheter arterial bland embolization (TAE) in a

clinically relevant rat hepatocellular carcinoma (HCC)

model.

Materials and Methods Buffalo rats (n = 21) bearing

syngeneic McArdle RH-7777 rat hepatoma cells implanted

into the left hepatic lobe underwent TAE using 70–150 lm

beads (n = 9) or hepatic artery saline infusion (n = 12).

HCC nodules, peritumoral margin, adjacent non-cancerous

liver, and splenic parenchyma were collected and disag-

gregated to generate single-cell suspensions for immuno-

logical characterization 14 d after treatment. Changes in

tumor-infiltrating immune subsets including CD4 T cells

(Th17 and Treg), CD8 cytotoxic T cells (IFNc), and neu-

trophils were evaluated by multiparameter flow cytometry.

Migration and colony formation assays were performed to

examine the effect of IL-17, a signature cytokine of Th17

cells, on McArdle RH-7777 hepatoma cells under condi-

tions simulating post-embolization environment (i.e.,

hypoxia and nutrient privation). Statistical significance was

determined by the Student unpaired t test or one-way

ANOVA.

Results TAE induces increased infiltration of Th17 cells in

liver tumors when compared with controls 14 d after

treatment (0.29 ± 0.01 vs. 0.19 ± 0.02; p = 0.02). A

similar pattern was observed in the spleen (1.41 ± 0.13 vs.

0.57 ± 0.08; p\ 0.001), indicating both local and sys-

temic effect. No significant differences in the percentage of

FoxP3 ? Tregs, IFNc-producing CD4 T cells, and CD8 T

cells were observed between groups (p[ 0.05). In vitro

post-embolization assays demonstrated that IL-17 reduces

McA-RH7777 cell migration at 24–48 h (p = 0.003 and

p = 0.002, respectively).

Conclusion Transcatheter hepatic arterial bland

embolization induces local and systemic increasedElectronic supplementary material The online version of this
article (https://doi.org/10.1007/s00270-019-02343-1) contains sup-
plementary material, which is available to authorized users.
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infiltration of Th17 cells and expression of their signature

cytokine IL-17. In a simulated post-embolization environ-

ment, IL-17 significantly reduced McA-RH7777 cell

migration.

Keywords Th17 cells � IL-17 � Transcatheter hepatic

arterial bland embolization � Tumor-infiltrating

lymphocytes � HCC immune landscape

Introduction

Transcatheter hepatic arterial bland embolization (TAE),

conventional transarterial chemoembolization (cTACE),

and TACE with drug-eluting beads (DEB-TACE) remain

the mainstays of catheter-based locoregional treatment for

intermediate (stage B) and advanced-stage (stage C) hep-

atocellular carcinoma (HCC) patients, according to the

Barcelona Clinic Liver Cancer (BCLC) staging system

[1–3]. These approaches offer survival benefit for selected

patients, but recurrence rates remain high [4]. Critical to

the effectiveness of both TAE and cTACE/DEB-TACE is

tumor hypoxia and resulting tissue necrosis secondary to

acute vascular occlusion. This acute necrotic cell death is

widely recognized as a potent activator of adaptive

immunity [5]. Indeed, several investigators have reported

various alterations in circulating T cell profiles after

cTACE and TAE alone [6–8].

Because the interplay between a cancer cell and its

surroundings plays a central role in antitumor immune

responses, it is essential to determine, not only circulating

T cell profiles, but also the impact of these therapies on the

local tumor immune microenvironment. Cancer treatment

often leads to immunosuppressive environments and can

represent an obstacle for effective T cell responses [9–11].

In these suppressive environments, T cell activation is

downregulated through signaling exerted by different

members of the CD28 receptor family, such as cytotoxic

T-lymphocyte antigen 4 (CTLA-4), programmed death-1

(PD-1), B and T lymphocyte attenuator (BTLA), and T cell

immunoreceptor with Ig and tyrosine-based inhibition

domains (TIGIT) [12–15]. Additional co-inhibitory recep-

tors such as T cell immunoglobulin and mucin domain-

containing protein 3 (Tim-3), lymphocyte activation gene-3

(LAG-3), and Tregs also shift the balance of effective

antitumor T cell response to a more tolerogenic or

immunosuppressive tumor microenvironment [16–18].

Thus, measuring circulating cells and cytokines after

treatment is not sufficient to unravel the complexities

involved in the attraction and survival of T cells in tumor

stroma. Rather, a more detailed characterization of the

various subsets of tumor-infiltrating lymphocyte popula-

tions beyond general T cell population description and

CD4 ? /CD8 ? ratios is needed for successful develop-

ment of combined therapies.

In this study, we aimed to characterize tumor immune

cell landscape after transcatheter arterial bland emboliza-

tion, including key T cell subsets, in a clinically relevant

syngeneic immunocompetent rat hepatoma model and the

effect of their signature cytokine(s) upon tumor cells in the

context of post-embolization environment. We have chosen

TAE as a starting point to investigate the effects of tran-

scatheter arterial embolization on the tumor immune

microenvironment to better characterize the nature of

infiltrating immune cell populations secondary to acute

tumor ischemia without the confounding presence of con-

current chemotherapeutic agents.

Materials and Methods

Study Design and Animal Model

Experimental procedures were approved by our institu-

tional animal care and use committee and were performed

in accordance with institutional guidelines. Male Buffalo

rats (Charles River Laboratories, Wilmington, MA), with a

weight range of 0.27 to 0.35 kg, were used in these

experiments. Animals were allowed free access to rat chow

and water and housed under a standard light–dark schedule

(12-hour phase shift). After anesthesia (2–3% isoflurane/2

L/min oxygen), a midline mini-laparotomy was performed

to expose the liver. A total of 100 lL of 1 9 106 McA-

RH7777 (CRL-1601, ATCC, Manassas, VA, USA) rat

hepatocellular carcinoma cells in 2% normal rat serum-

saline solution was slowly injected into the subcapsular

portion of the left hepatic lobe, according to the Morris

HCC model in Buffalo rats, as previously published in the

literature [19]. Abdominal incision was closed with a two-

layer technique. Tumor nodules were allowed to grow for

3 weeks (Fig. 2A). Subsequently, rats were randomly

divided into two groups (bland embolization and sham-

saline injection) and evaluated 14 days after image-guided

procedure. This time point was selected based on previous

reports showing a T cells peak response in peripheral blood

14 d after locoregional therapies [8, 20].

This study was performed in two separate phases

(Fig. 1). In the first phase, we quantified relevant immune

cell populations and their signature cytokines in the tumor,

peritumoral region, non-cancerous surrounding liver, and

spleen using multiparameter flow cytometry to characterize

local and systemic patterns of tumor-infiltrating lympho-

cytes after bland embolization. Splenic tissue was analyzed

312 Hepatic Arterial Bland Embolization Increases Th17 Cell Infiltration in a Syngeneic Rat Model…

123



to determine whether local tumor embolization had any

effects upon extrahepatic populations of T cells. Next,

given the fact that the precise effects of signature

cytokine(s) on tumor cells vary widely from antitumor to

tumorigenic depending on the context of the tissue

microenvironment, we conducted a second phase where

McA-RH7777 cells were treated with relevant

cytokine(s) identified during the first phase in the specific

context of post-embolization conditions. The relevant

cytokine(s) were subsequently added to these cell cultures

and their effect on cell colony formation and migratory

potential was recorded to elucidate their pro- or anti-tu-

morigenic potential.

Fig. 1 Schematic diagram of

the workflow sequence for

in vivo experiments designed to

assess systemic and local

differences in immune cell

subsets after transarterial bland

embolization (upper panel).

Experimental design of the

in vitro studies aimed to mimic

environmental features of

embolization to evaluate cell

migration and colony formation

ability of McA-RH7777 cells in

response to the exogenous

addition of IL-17A (bottom

panel)
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Image-Guided Intra-Arterial Therapy

T2-weighted MR imaging was performed on anesthetized

animals the day before treatment using a 4.7 T MR scanner

(Biospec, Bruker Biospin MRI) to confirm the size and

location of the tumor nodules using imaging protocols

previously described [21]. Subsequently, anesthetized rats

with minimum tumor diameters of 0.5 cm, underwent

hepatic arterial catheterization using a common carotid

artery (CCA) approach as previously described [22].

Briefly, left CCA was cannulated by a 20-gauge intra-

venous catheter (Angiocath—IV catheter; 20GX1.1600)
under a dissecting microscope. Endovascular instrumenta-

tion was conducted using 1.6-Fr microcatheter (Tokai

medical, Japan) and, a 0.014-inch guidewire (Transcend;

Boston Scientific). Manual injection of iodixanol

injectable contrast medium (Visipaque; GE Healthcare)

was delivered through the catheter, as needed, to visualize

the hepatic vasculature [22]. Embolic agent, 70–150 lm

beads (DC Bead, BTG, Surrey, UK) [23], was resuspended

in saline solution and mixed with contrast medium (1:1

ratio). A total volume of 1 mL from the mixture with or

without beads (sham controls) was delivered into the

proper hepatic artery under fluoroscopic guidance. The

endpoint of the embolization was the delivery of the

complete dose of 1 mL of the mixture or until near stasis of

blood flow (Fig. 2B, C). After the intervention, intra-arte-

rial catheter was removed, and left CCA ligated. The two-

layer technique was used to close the neck incision.

Tissue Collection and Isolation of Immune Cells

from Liver and Spleen

Two weeks after the procedure, isoflurane-anesthetized rats

were euthanized, and the spleen and liver tumors were

harvested from rats previously treated with TAE (n = 9) or

saline infusion only (n = 12). Freshly collected specimens

were promptly transferred to phosphate-buffered saline

(PBS) plus 2% heat-inactivated fetal bovine serum (FBS;

Sigma-Aldrich, St. Louis MO) for flow cytometric analy-

ses. Representative specimens from each group were pre-

served in 10% neutral-buffered formalin and stained with

hematoxylin and eosin stains (H&E). Liver sections in 2%

FBS-PBS were further divided into tumor, peritumoral

margin, and adjacent non-cancerous liver ([ 1 cm of dis-

tance from the tumor nodule) according to the standardized

guidelines for the assessment of tumor-infiltrating lym-

phocytes in solid tumors [24]. Tissue sections in 2% FBS-

PBS were weighed and processed into single-cell suspen-

sions by mechanical dissociation through a 70-lM nylon

mesh.

Fig. 2 Hepatoma nodule progression in the Buffalo rat orthotopic

model. A T2-weighted MR image of solitary liver tumor obtained in a

Bruker 4.7 T magnet. B–C Digital subtraction angiography (DSA)

images before and after embolization of left liver tumor with a fixed

dose of 4000 unloaded beads (70–150 lm; DC Bead, BTG, Surrey,

UK) suspended in a mixture of a contrast medium and saline solution

(1 mL). D–E H&E-stained tissue sections show viable tumor (T) and

adjacent unaffected liver (L) in control animal and exuberant tumor

tissue necrosis (N) after embolization in post-treatment animal. Scale

bar: 200 microns. Original magnification 10X
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Immune Phenotyping

Cells suspensions were centrifuged at 1500 rpm for 5 min

at 4 �C. Subsequently, cell pellets were resuspended in

40% Percoll-PBS solution (GE Healthcare, USA) followed

by centrifugation at 4500 rpm for 20 min at 4 �C. After

centrifugation, pellets of immune cells were collected and

washed twice with PBS at 1500 rpm for 5 min at 4 �C.

Mononuclear cells, normalized to tissue weight, were

stained for surface antigens at 4 �C for 20 min in the

presence of FcBlock to detect: CD4 T cells, CD8 T cells,

RP-1 positive cells (neutrophils), and CD11b/c positive

cells (include monocytes, macrophages, and dendritic

cells). Antibodies used for immunophenotyping are

described in Table 1. For the detection of intracellular

markers (IL-17A, IFN-c, and Foxp3), immune cells were

restimulated with PMA (20 ng/ml) plus Ionomycin (1 lg/

ml) in the presence of a protein transport inhibitor, Bre-

feldin A, for 5 h. After surface staining, cells were fixed

and permeabilized using eBioscience Foxp3/Transcription

Factor Staining Buffer Set or BD Cytofix/Cytoperm Fixa-

tion/Permeabilization Solution Kit for IL-17A, IFN-c.

Cells were stained for intracellular cytokines and FOXP3

transcription factor at 4 �C for 20 min. Finally, cells were

analyzed on a LSRII flow cytometer (Beckman Coulter),

and data were further analyzed using FlowJo (Tree Star

Inc). Our gating strategy is presented in Fig. S1.

In Vitro Studies

Given that tumor embolization typically leads to two major

defining environmental features, nutrient restriction and

hypoxia [25–27] and that our in vivo experiments identified

Th17 cells (recognized by IL-17 production) as important

immune cell subtype after TAE, the second phase of our

study aimed to evaluate differences in the migratory

potential and colony formation of McA-RH7777 cells

induced by the exogenous addition of IL-17A. Conse-

quently, McA-RH7777 cells were cultured under hypoxia

and glucose restriction to mimic the context of bland

embolization microenvironment in vitro (Fig. 1).

Cell Line and Reagents

McA-RH7777 rat hepatoma cell line, derived from the

Buffalo rat, was maintained in corning Dulbecco’s modi-

fied Eagle’s Medium (DMEM) with L-glutamine, 4.5 g/L

glucose, and sodium pyruvate (Corning), supplemented

with 10% FBS in a humidified atmosphere at 37 �C, 5%

CO2. Nutrient-deprived conditions were performed using

DMEM-Low glucose (1000 mg/L glucose) with L-gluta-

mate and sodium bicarbonate (Millipore Sigma, St. Louis,

MO). Rat recombinant Interleukin-17A (IL-17A) was

purchased from ProSpec-Tany TechnoGene, Rehovot,

Israel (#CYT-542).

Cell Migration Assay

Cell migration potential was observed by using the in vitro

scratch assay, in which a cell-free area is created by

mechanical scratching a confluent cell monolayer and,

subsequently, capturing the images of the scratch at regular

intervals and comparing scratch widths to quantify varia-

tions in the relative wound area due to cell migration [28].

To this end, McA-RH7777 cells (5 9 105 cells/well) were

plated in flat bottom 96-well plates and incubated at 90%

confluency. Following serum starvation (0.5% FBS-

DMEM) for 16 h to synchronize the cell cycle, the scratch

was made in the confluent monolayer using a pipette tip to

leave a scratch of approximately 0.4–0.5 mm in width.

After the scratch wound was made, cells were cultured in

DMEM-low glucose or normal glucose (4.5 g/L) with or

without 50 ng/mL of IL-17A. Cell media was supple-

mented with 2% FBS to inhibit cell proliferation during the

duration of the assay. Plates were incubated in a 37 �C
regular incubator (20% oxygen) or in a hypoxia incubator

chamber (5% oxygen, STEMCELL Technologies) to

investigate the effect of IL-17A under a normoxic or

hypoxic environment. Serial pictures, after the scratch

Table 1 List of antibodies used

in flow cytometry
Antibody Fluorochrome Clone Manufacturer Catalog number

Anti-Rat CD32 (FccII receptor) (FcBlock) D34-485 BD Bioscience #550270

Anti-Rat Granulocytes PE RP1 BD Bioscience #550002

Anti-Rat CD3 FITC 1F4 BD Bioscience #561801

Anti-Rat CD11b/c PerCP/Cy5.5 OX-42 Biolegend #201819

Anti-Rat CD4 APC/Cy7 W3/25 Biolegend #201517

Anti-Rat CD8a V450 OX-8 BD Bioscience #561614

Anti-Rat IFN-c Alexa Fluor 647 DB-1 BD Bioscience #562213

Anti-Mouse/Rat IL-17 PE eBio17B7 eBioscience #12-7177-81

Anti-Mouse/Rat Foxp3 APC FJK-16s eBioscience #77-5775-40
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wound was made, were taken at 0, 24, 48, and 72 h under a

microscope. Changes in the relative wound area were

measured in pixels using MRI Wound Healing Tool-Ima-

geJ [29]. To minimize sampling error, experiments were

performed in triplicate and repeated three times. Data

presented as the percentage by which the original scratch

width decreased for each consecutive time point.

Clonogenic Assay

McA-RH7777 cells were seeded at 5 9 102 cells per well

in six-well plates. Cells were cultured during 12 d in nor-

mal- or low-glucose medium, with or without 50 ng/mL of

IL-17A. Plates were incubated under normoxia or within

the hypoxic chamber as described above. After 12 d, cells

were fixed (100% methanol) and stained with 0.5% Crystal

violet (in 25% methanol) [30]. Only colonies with[ 50

cells were manually counted [31]. Experiments were per-

formed in triplicate and repeated twice.

Statistical Evaluation

Statistical analysis was performed using GraphPad Prism

(version 7). Data represent the mean ± standard error of

the mean. Statistical significance was determined by the

Student unpaired t test or one-way ANOVA with Tukey’s

multiple comparisons test. p\ 0.05 was considered to

represent a significant difference. The resource equation

approach was used to calculate the minimum number of

animals required per group [32].

Results

Hepatic Arterial Bland Embolization Induces

Increased Infiltration of Th17 Cells in Liver

and HCC Tumor Nodules

In keeping with prior studies, approximately 60–70% of the

tumor and adjacent non-cancerous liver immune cells (20%

T cells and 40–50% of RP-1 cells) and 40% of total spleen

cell types (30% of T cells and 10% of RP-1 cells) were

successfully analyzed by immunophenotyping [33]. Of all

subtypes studied, quantitative multiparameter analysis

showed that only the percentage of IL-17 ? CD4 T cells

(Th17) cells in liver tumors was significantly higher in

animals treated with bland embolization compared with the

control group at 14 d (0.29 ± 0.01 vs. 0.19 ± 0.02;

p = 0.02), while Th17 cells in tumor margin area remained

similar between the two groups. Comparable results were

observed in adjacent non-cancerous liver (4.76 ± 0.49 vs.

1.95 ± 0.18; p\ 0.001) (Fig. 3A). Increase in Th17 cells

after bland embolization was of a systemic nature, since we

also observed a similar pattern in the spleen after 14 d of

TAE (1.41 ± 0.13 vs. 0.57 ± 0.08; p\ 0.001) (Fig. 3B).

Th17 cells made up of 60% of IL-17-producing cells in the

liver, while approximately 20% of IL-17 was produced by

CD8 T cells. IL-17-producing cells were also detected in

the CD4 T cell fraction of spleen, in a similar fashion

(Fig. 3C).

IL-17 Inhibits in Vitro McA-RH7777 Hepatoma

Cells Cell Migration in Low-Nutritional, Hypoxic

Environment, But Does Not Affect Cell Proliferation

McA-RH7777 cells treated with IL-17 and cultured in a

low-nutritional environment demonstrated decreased

migratory potential. Results showed a statistically signifi-

cant difference in the relative percentage of open scratch

area at 24 h (19.47 ± 0.98 vs. 23.69 ± 2.52; p = 0.003)

and 48 h (7.13 ± 3.28 vs. 15.34 ± 3.50: p = 0.002) from

initial scratch (Fig. 4A, B, S Table 1). Colony formation

assay showed higher proliferation potential of McA-

RH7777 cells in low-glucose media compared to regular-

glucose media under both normoxic (183.3 ± 36.58 vs.

142.7 ± 31.56; p = 0.004) and hypoxic conditions

(275.6 ± 33.91 vs. 217.3 ± 27.26, p = 0.02). However, no

significant difference found with and without IL-17 treat-

ment in both nutritional environments and different oxygen

concentrations (Fig. 5A, B, S Table 2).

Treg, cytotoxic CD8 T cell, and neutrophil

infiltration was not affected by hepatic arterial

embolization

Total number of infiltrating mononuclear cells in the

tumor, margin, and adjacent non-cancerous liver were

similar and did not change significantly upon embolization

(1.9 ± 1.0 9 106 cells/g of adjacent non-cancerous liver

tissue versus 2.3 ± 0.8 9 106 cells/g of tumor tissue).

Foxp3-positive cells among CD4 T cells (Tregs) and IFNc
CD8 T cells were similar between non-treated and

embolization treated groups. RP-1 (rat neutrophils marker)

positive cells remained similar after TAE (Fig. S2).

Discussion

Combination of locoregional liver treatments with active

immunotherapy is regarded as a promising strategy for

patients with unresectable liver cancer. Ischemic tumor

necrosis caused by transcatheter hepatic arterial bland

embolization (and one of the primary cytotoxic effects of

TACE) leads to enhanced exposure of tumor antigens to a

host of professional antigen-presenting cells, which can

activate T cell immunity directed at the tumor. Flow
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cytometry data provided a characterization of the tumor

adaptive immune microenvironment landscape after TAE,

and this deeper understanding is essential for the devel-

opment of novel combination strategies. Our study

demonstrates that only one specialized subset of T helper

lymphocytes, Th17 cells, and its signature cytokine IL-17,

are consistently increased in the tumor microenvironment

after TAE.

Liver cancer immune cell landscape after catheter-di-

rected therapy has not been characterized. Studies dealing

Fig. 3 Increased frequency of Th17 cells in lymphoid organs and

tumor-bearing liver after embolization. A Significant differences in

the frequency of IL-17 producing in response to bland embolization

(TAE) in non-cancerous surrounding liver and tumor

microenvironment. B Higher frequency of IL-17 producing in the

spleen after 14 d of TAE. Graph represents pooled data from three or

four biologically independent experiments. C Representative contour

plots of IL-17 expression in CD4 cells in spleen and liver tumor

Fig. 4 IL-17A inhibits migration of McA-RH7777 cells in glucose

restriction. A Representative images of McA-RH7777 cell migration

across linear scratch wounds at different time points. (b) Relative

percentage of scratch open area after 0, 24, 48, and 72 h of treatment

with and without IL-17A. Scratch open area was measured in the

control and IL-17A treated cells exposed to normal or glucose

restriction media under normoxia (* 20% oxygen) or hypoxia (5%

oxygen) cell culture conditions. Results of three independent

experiments are presented
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with the impact of hepatic arterial embolization on the

immune system have mostly focused on circulating

peripheral cells in HCC patients. Liao et al. [34] conducted

a thorough analysis of circulating immune cells subsets

including CD4 ? cells (Th1, Th17, and Treg cells),

CD8 ? T cells, NK cells, and NKT cells, as well as plasma

cytokines before and after TACE, where they only

observed a significant increase in the frequency of circu-

lating Th17 cells after TACE, when compared to baseline.

A separate study also quantifying circulating cytokines

after TACE showed significantly higher levels of IL-17

after treatment [35]. More recently, while reporting on

systemic immune response after microwave ablation, Zhou

et al. [36] observed that of all relevant circulating T cell

subsets, only the frequency of Th17 cells was significantly

increased after treatment with unchanged levels of

CD3 ? , CD4 ? , CD8 ? , and Tregs. Our findings in the

local immune microenvironment reflect these systemic

alterations.

Interleukin-17 (IL-17) expression is the hallmark of

Th17 cells. IL-17 is responsible for neutrophil recruitment

with well-established roles in autoimmunity disorders and

infections, but its effect in tumors remains controversial. It

has been hypothesized that IL-17 can play a dual role in

cancer with pro-tumor or antitumor effects [37, 38]. In a

seminal article by Benchetrit, IL-17 was shown to inhibit

tumor cell growth by T cell-dependent mechanism in

immunocompetent hosts [39]. IL-17 can also promote

tumor growth via IL-6-mediated activation of STAT3 in

cancer cells resulting in increased transcription of prolif-

eration and angiogenic genes [40, 41]. This pathway has

been also described as clinically relevant for image-guided

ablative techniques by several authors [42, 43]. Gu et al.

also demonstrated that IL-17 can augment secretion of

proinvasive factors and promote angiogenesis, neutrophil

recruitment and tumor growth [44]. Therefore, IL-17

appears to be a pleiotropic cytokine, and the direct effects

of IL-17 depend on the context of the tumor

microenvironment.

To assess IL-17 effects on McA-RH7777 cells in a post-

embolization environment, we designed assays subjecting

tumor cells to hypoxia and low nutrient conditions. IL-17

reduced tumor cell migration suggesting that, in the context

of TAE, Th17 cells and IL-17 may play an antitumor role.

These results are consistent with previously published

circulating Th17 data showing that increased frequency of

those cells in circulation after 30 days correlated with

improved patient survival [34]. In a separate study, intra-

tumoral IL-17 in non-embolized hepatocellular carcinoma

was associated with poorer patient survival and increased

recurrence [45]. These findings help illustrate the dual role

of IL-17 in the tumor immune microenvironment, based on

the nature of the peritumoral inflammatory milieu.

Fig. 5 Glucose restriction increases colony formation ability of

McA-RH7777 cells under different oxygen levels. A Representative

images of colonies formed from McA-RH7777 cells treated with

50 ng/mL of IL-17A under normal or glucose restriction in a

normoxic environment (* 20% oxygen). B Significant differences

between the number of colonies formed after 12 d of cell culture

under glucose restriction in normoxia and hypoxia. IL-17A treatment

exerted no significant effect over McA-RH7777 colony formation

ability in any of the cell growth conditions tested. Crystal violet

staining was performed to evaluate the number of colonies under a

stereomicroscope. Results of three independent experiments are

presented
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Our results demonstrated that the necrotic cell death

after bland embolization did not have a significant effect

upon migration of CD8 T cells or Tregs. These results are

consistent with a recent study by Yarchoan et al. [46] in

which it was determined that the mean density of CD8 T

cells was higher on the normal liver than in the actual

tumor. In another study, Duan et al. reported that CD8 T

cells surrounding residual tumors were markedly increased

in the radiofrequency ablation (RFA) only and RFA plus

TAE groups on day 7. However, the group undergoing

TAE alone showed a less pronounced effect on CD8 T cell

infiltration, in line with our results and other previous

characterizations of the HCC immune environment. These

findings suggest that the combination of modalities may

have a synergistic effect [8]. In addition, due to the

immunogenic nature of cell death caused by anthracycli-

nes, it is also conceivable that transcatheter hepatic arterial

chemoembolization with doxorubicin may result in stron-

ger CD8 T cell infiltration [47].

This study represents a first exploratory report address-

ing the complexity of cellular immune response in HCC

tumor microenvironment in a syngeneic tumor model in

immunocompetent animals after bland transarterial

embolization. However, it is important to acknowledge

relevant limitations. Although a much greater variety of

antibody reagents exists for mouse models, limited

reagents were available for rat immune cells. Nevertheless,

we by necessity used a rat model to better emulate human

endovascular interventions and the biological effects of

transcatheter embolization, due to diminutive murine vas-

culature and the inherent inability to routinely cannulate

and navigate mouse hepatic vessels. TAE is one of the

many therapeutic approaches for locoregional treatment of

HCC and chemoembolization remains the mainstay of

catheter-based therapies. While animals included in our

study did not exhibit clinical signs of distress throughout

the course of our experiments, and thereafter, dedicated

imaging assessment of potential post-procedural compli-

cations that could have compounded the immune response

to TAE was not performed. In our study, we only analyzed

the cellular changes after TAE and the added effect of

cytotoxic chemotherapy in TACE or radiation in

radioembolization remains unknown and could lead to a

substantially different immune response. Our group is

currently conducting experiments to further understand the

impact of adding a pharmacological agent to TAE.

In conclusion, our results illustrate that transcatheter

hepatic arterial bland embolization affects the tumor

microenvironment by increasing infiltration of Th17 cells

and expression of their signature cytokine IL-17. However,

it did not have a significant effect upon migration of CD8 T

cells or Tregs. In a simulated post-embolization

environment, exogenous addition of IL-17 significantly

reduced McA-RH7777 cell migration.
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