
LABORATORY INVESTIGATION INTERVENTIONAL ONCOLOGY

Transarterial Embolization Enhances Programmed Cell Death
Ligand 1 Expression and Influences CD8+T Lymphocytes
Cytotoxicity in an Orthotopic Hepatocellular Carcinoma Rat
Model

Shen Zhang1 • Lin Xu1 • Jia-Qing Li1 • Ming-Zhan Du2 • Yu Yin1 •

Bin-Yan Zhong1 • Han-Si Liang3 • Wan-Ci Li1 • Cai-Fang Ni1 • Xiao-Li Zhu1

Received: 19 November 2023 / Accepted: 10 July 2024

� Springer Science+Business Media, LLC, part of Springer Nature and the Cardiovascular and Interventional Radiological Society of Europe

(CIRSE) 2024

Abstract

Purpose To investigate the influence of transarterial

embolization (TAE) on programmed cell death-ligand

1(PD-L1) expression and CD8?T tumour infiltrative lym-

phocyte cytotoxicity in the Sprague–Dawley (SD) rat

model of hepatocellular carcinoma (HCC).

Materials and Methods An orthotopic HCC model was

established in twenty SD rats treated with TAE (lipiodol,

n = 10) or sham (normal saline, n = 10) using homologous

N1S1 hepatoma cells. Rats were euthanized 1 week after

embolization. Flow cytometry was used to assess the pro-

portion of CD4?T, CD8?T and programmed cell death-

1?(PD-1?) CD8?T lymphocytes in the spleens and

tumours. Distribution of CD8?T, granzyme-B?CD8?T

lymphocytes and PD-L1? cells was assessed by immuno-

histochemistry (IHC) or multiplex IHC. p value\ 0.05

was considered statistically significant.

Results The CD4/CD8 ratio and PD-1?CD8? T lympho-

cytes exhibited higher values in TAE-treated tumours

compared to sham-treated tumours (p = 0.021 and

p = 0.071, respectively). Conversely, the number of

CD8?T lymphocytes was decreased in TAE-treated

tumours (p = 0.043), especially in the central region

(p = 0.045). However, more CD8?T lymphocytes were

found infiltrating the marginal region than central region in

TAE-treated tumours (p = 0.046). The proportion of

granzyme-B?CD8?T lymphocytes and the PD-L1 positive

areas was elevated in tumours that treated with TAE

(p all\ 0.05). There was a negative correlation between

PD-L1 expression and the number of infiltration of CD8? T

lymphocytes (p = 0.036).

Conclusions Immune cells are distributed unevenly in the

tumours after TAE. The intrinsic induction state of the

tumour after embolization may be insufficient to elicit a

maximal response to PD-1/PD-L1 inhibitors.
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Introduction

The highly heterogeneous nature of hepatocellular carci-

noma (HCC) results in the long-term efficacy of transar-

terial chemoembolization (TACE) being less than optimal

[1, 2]. Fortunately, the advent of immune checkpoint

inhibitors (ICIs) rekindles optimism to the field of TACE

combination therapy based on the hypothesis that locore-

gional treatment could prompt immunogenic cell death

[3–7]. Nevertheless, the impact of TACE on the tumour

immune microenvironment (TIME), as well as the potential

for synergy between TACE and ICIs, remains to be

investigated.

The intricate interrelationships between tumour cells,

immune cells, cytokines and other elements constitute the

cancer-immunity cycle. Given that the immune landscape

of the peripheral and tumour microenvironment may differ,

the reconstruction of TIME following TACE, through the

monitoring of immune indexes in peripheral blood, may be

inaccurate, and indeed, conflicting [8–10]. The CD8?T

lymphocytes, a type of cytotoxic T lymphocytes (CTLs),

play a pivotal role in anti-tumour immunity. The infiltra-

tion of CD8?T lymphocytes and the expression of pro-

grammed cell death ligand-1(PD-L1) have been utilized as

biomarkers for characterizing tumour immunotypes and

predicting ICIs response [11]. It is noteworthy that existing

studies concerning TACE have not accorded sufficient

attention to these two indicators, and the varying intervals

between TACE and surgery have yielded conflicting results

[12–14]. Montasser et al. suggested that chemoemboliza-

tion-induced PD-L1 elevation may enhance the tumours

response to ICIs [13]. However, Craciun et al. disagreed as

TACE was incapable of enhancing CD8?T lymphocytes

infiltration in tumours[12]. Contradictorily, Pinato et al.

proposed that TACE reduced the number of CD8?T lym-

phocytes, yet did not affect PD-L1 expression [14]. While

experimental animal studies overcame the heterogeneity of

observation periods and revealed the potential synergy

between transarterial embolization (TAE) and ICIs, further

research is warranted to elucidate the characteristics of

CD8?T lymphocytes [15, 16]. The activated CD8?T

lymphocytes, which express granzyme-B or IFN-c, and the

exhausted subsets, which overexpress immune checkpoints

such as programmed cell death-1(PD-1), display distinct

immune properties.

The objective of this animal study is to further investi-

gate the influence of embolization on TIME, with the aim
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of assessing the potential value of arterial embolization in

combination with anti-PD-1/PD-L1. This will be achieved

by examining the alteration of CD8?T lymphocytes,

including their subtypes, as well as PD-1/PD-L1

expression.

Material and Methods

Experimental Design

N1S1 rat hepatocellular carcinoma cells were obtained

from ATCC (CRL-1601, ATCC, Manassas, USA). Adult

male Sprague–Dawley (SD) rats aged between 8 and

12 weeks were employed in this study. All animal exper-

iments followed the basic guidelines for animal experi-

ments and related activities and received approval from the

Institutional Animal Care and Use Committee. After

anesthetizing with 1% pentobarbital sodium liquid, a

mixture of approximately 50 ll of phosphate-buffered

saline (PBS) containing 3–3.5 9 106 N1S1 cells was

slowly injected into the subcapsular area of the left hepatic

lobe during a midline mini-laparotomy. T2-weighted

magnetic resonance imaging (MRI) was performed on

anesthetized animals using a 3.0-T MRI scanner (GE,

Connecticut, USA) 7 days after laparotomy to identify the

tumour node and verify its diameter exceeded 0.5 cm

(Fig. S1a). The rats were subsequently assigned to TAE

(lipiodol, n = 10) and sham groups (normal saline, n = 10)

with simple randomization. Strict standards were designed

to prevent potential bias from spontaneous tumour regres-

sion [17]. The resource equation approach governed the

minimum of six rats per group (detail information seeing in

Supplementary material).

Image-guided intra-arterial embolization

TAE was performed the next day of MRI scanning. Rat

caudal artery was exposed and then punctured with a

26-gauge needle, followed by insertion of a 1.7F SL-10

microcatheter (Stryker, Michigan, USA) accompanied by

a matched guidewire. The microcatheter was advanced to

the distal portion of the hepatic artery as far as possible

under fluoroscopic guidance (Fig. S1b). The rats in the

sham group received an injection of 0.2 ml of normal

saline, while those in the TAE group were administrated

with lipiodol until the blood flow was considerably slo-

wed down. Afterwards, a minute quantity of 100-300 lm
of gelatin sponge particles (Alicorn, Zhejiang, China)

was introduced until the blood flow reached stasis

(Fig. S1c).

Histopathologic Analysis

All animals were euthanized and their organs were har-

vested 7 days after embolization. One 4-lm-thick paraffin

section included whole tumour was stained with hema-

toxylin and eosin (Fig. S1d). Immunohistochemistry (IHC)

or multiplex IHC (mIHC) staining was conducted for

CD8?T, granzyme-B?CD8?T lymphocytes and PD-1?/

PD-L1? cells. The tyramide signal amplification technique

was employed for the mIHC procedure (detailed process

and antibody information were presented in Supplementary

Material).

Flow Cytometry

Fresh spleen and tumour samples were immediately

transferred to cold PBS-2% fetal bovine serum for flow

cytometric (FCM) analysis, including CD4?T, CD8? T and

PD-1?CD8?T lymphocyte count and determination of

theCD4/CD8 ratio. Cells were collected using a Beckman

flow cytometer (Beckman Coulter, Indiana, USA) and data

were further analysed using FlowJo v10 (Tree Star Inc).

Detailed protocol was presented in Supplementary

Material.

Cell counting and Image analysis

For (m)IHC sections, target cells were identified and

quantified via automatic recognition using inform 2.6.0

software (Akoya, MA, USA) following pre-training for cell

segmenting and phenotyping (Fig. S2a, S2b). Subse-

quently, two independent pathologists (MZ D and HS L)

re-validated the results to ascertain the reliability of the

automated process. Should both pathologists deemed that

the machine recognition error was substantial upon visual

examination, the image would be re-analysed or altered.

Positive cells situated in the three central regions (which

constitutes approximately half of the tumour volume) and

in three marginal regions (areas outside of the centre) were

enumerated and analysed separately, with necrotic areas

excluded to the greatest extent possible. The average

number of CD8?T lymphocytes, as well as those

expressing granzyme-B staining, was quantified as cells per

square millimetre. Besides, the average percentage of the

defined region that was positively stained for PD-1 and PD-

L1 was scored.

Statistical Analysis

Statistical analyses were performed with GraphPad Prism

v8.0.2 software (San Diego, CA, USA). Data were
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presented as mean ± standard error of the mean. Statistical

comparisons of data were conducted using the Student’s t

test or the Mann–Whitney U test. The correlation test was

undertaken by Pearson correlation coefficient. All test

results were considered statistically significant when

p\ 0.05.

Results

TAE Increased CD4/CD8 Ratio and Decreased

CD81T Lymphocytes Infiltration in Tumour

There were no discernible differences in the proportion of

CD4?T or CD8?T in the spleen or tumour between TAE-

treated and sham-treated rats (Table S1, Fig. 1a, 1b).

Notably, the CD4/CD8 ratio was increased in the TAE-

treated tumours compared with the sham-treated tumours

Fig. 1 The frequency of

CD8?T and CD4?T

lymphocytes in spleen and

tumour tissues by flow

cytometry (FCM).

a Representative FCM contour

plots indicate no significant

differences in the proportion of

CD4?T and CD8?T

lymphocytes in tumour or

spleen tissues in TAE (n = 10)

or sham (n = 10) group.

b Quantitative analysis

illustrates an increased CD4/

CD8 ratio in TAE-treated

tumour tissue compared with

sham embolization. *p\ 0.05
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Fig. 2 The profile of CD8?T lymphocytes infiltrating in tumour

centre and tumour margin by immunohistochemistry (IHC). a CD8?T
lymphocytes (black arrows) infiltrate the tumour tissue extensively,

with a higher abundance of CD8?T at the tumour marginal regions.

b Quantitative analysis demonstrates a reduction in CD8?T

lymphocytes in TAE-treated tumour, with a particularly significant

differences in tumour central regions. The number of CD8?T

lymphocytes in TAE-treated group is higher at the margin of tumours

than in the centre. *p\ 0.05. White bold arrows, necrosis; black

triangle, tumour tissue; white triangle, normal liver tissue

Fig. 3 Characterization of the expressions and localizations of

CD8?T lymphocytes and granzyme-B? lymphocytes in tumour

tissues by multiple IHC. a An enlarged subsection of the composite

fluorescent image is highlighted to demonstrate granzyme?CD8?T

lymphocytes (two rightmost images, white arrows) and each individ-

ual markers, including the DAPI nuclear marker (nucleus, pseudo-

coloured blue), CD8?T (membrane, pseudo-coloured green),

granzyme-B? cell (cytoplasm, pseudo-coloured red) and the autoflu-

orescence signal (pseudo-coloured black) at 200 9 magnification.

b Quantitative analysis shows a higher number of granzyme-

B?CD8?T lymphocytes in TAE-treated tumour. The percentage of

the granzyme-B?CD8?T lymphocyte subset is higher in the TAE-

treated tumour, particularly in the tumour centre region. *p\ 0.05
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(0.89 ± 0.16 vs. 0.71 ± 0.15, [p = 0.021]), whereas no

significant difference was found in the spleen between the

two groups (embolization vs. sham, 1.26 ± 0.22 vs.

1.33 ± 0.23, [p = 0.511]) (Fig. 1b). The number of

CD8?T lymphocytes was comparable between groups in

the spleen (Table S1, Fig. S3a, S3b). However, a significant

decrease in the number of CD8?T lymphocytes was

detected in the TAE-treated tumours (113 ± 16 cells/mm2

vs. 128 ± 13 cells/mm2, [p = 0.043]). In detail, TAE

treatment significantly reduced the recruitment of CD8?T

lymphocytes in the central regions (105 ± 22 cells/mm2

vs. 126 ± 20 cells/mm2, [p = 0.045]), but not in the mar-

ginal regions (124 ± 17 cells/mm2 vs. 131 ± 7 cells/mm2,

[p = 0.266]) compared to sham-treated tumours (Fig. 2a,

2b). Furthermore, a greater number of CD8?T lymphocytes

were observed in the tumour marginal regions compared to

central regions in TAE-treated tumours, whereas no such

increase was observed in the sham-treated tumours

(Table S1).

TAE Increased granzyme-B1CD81 T Subtype

Lymphocytes Infiltration in Tumour

When compared to the sham-treated rats, there was a ten-

dency for greater proportion of PD-1?CD8?T lymphocytes

in the spleens and tumours of TAE-treated rats (Table E1,

Fig. S4a, S4b). The sham-treated tumours displayed a low

frequency of granzyme-B?CD8?T lymphocytes infiltration

at the tumour margin, tumour centre and the entire tumour.

Furthermore, the distribution of granzyme-B?CD8?T

lymphocytes was distributed evenly in both group of

tumours (Fig. 3a, Fig. S5, Table S1). Notably, the per-

centage of granzyme-B?CD8?T lymphocytes in CD8?T

lymphocytes was significantly higher in the TAE-treated

tumours compared to the sham-treated tumours

(30.09% ± 7.70% vs. 22.20% ± 4.17%, [p = 0.015]), and

this pattern was also evident in central regions

(33.19% ± 8.17% vs. 24.11% ± 5.63%, [p = 0.013]) and

marginal regions (25.06% ± 4.33% vs. 20.03% ± 4.03%,

[p = 0.020]) (Fig. 3a, 3b). Furthermore, in tumours treated

with TAE, a higher percentage of granzyme-B?CD8?T

lymphocytes was observed in central regions, whereas this

pattern was not evidenced in sham-treated tumours

(Table S1, Fig. 3b).

TAE Increased Tumour PD-L1 Expression

The IHC results demonstrated no significant increase in the

proportion of PD-1 positive areas in TAE-treated tumours

in comparison with the sham-treated tumours (Table E1,

Fig. S6a, S6b). In contract, the proportion of PD-L1 posi-

tive areas was considerable higher in the TAE-treated

tumours when compared to the tumour margin(18.67% ±

5.43% vs. 13.59% ± 2.18%, [p = 0.018]), tumour centre

(25.61% ± 8.01% vs. 15.05% ± 3.05%, [p = 0.002]) and

entire tumour(22.53% ± 6.63% vs. 14.40% ± 1.43%,

[p = 0.002]) (Fig. 4a, 4b). Compared to the homogeneous

distribution of PD-L1 in the sham-treated tumours, the

proportion of PD-L1 positive areas in the central regions of

Fig. 4 The expression of PD-L1? cells in tumour tissues by IHC.

a Representative IHC sections reveal PD-L1? cell (black arrows) with

cell membrane staining (upper right magnified image). b Quantitative

analysis shows a significant increase in PD-L1? cell expression in

TAE-treated tumour tissue. The percentage of cell staining positive

for PD-L1? is greatest in the centre of the tumour in the TAE group.

*p\ 0.05, **p\ 0.01
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the TAE-treated tumours was significantly higher

(Table E1).

Relationship between CD81T infiltration and PD-L1

expression

Based on the results of IHC analysis that the number of

CD8?T lymphocytes infiltration and PD-L1 expression

appeared to be conflicting, the potential relationship

between the two variants was further explored in TAE-

treated tumours. Interestingly, there was a negative corre-

lation between the number of CD8?T lymphocytes infil-

trating and the percentage of PD-L1 positive areas in the

entire tumours, marginal regions and central regions in

TAE-treated tumours (r2 = 0.442, [p = 0.036]; r2 = 0.282,

[p = 0.114] and r2 = 0.259, [p = 0.133]; respectively)

(Fig. 5a, 5b, 5c).

Discussion

While the integration of ICIs and anti-angiogenesis doubles

tumour response rate compared to ICIs monotherapy; fre-

quent drug resistance, lack of predictive biomarkers and

severe adverse events result in approximately two-thirds of

patients failing to response [18]. In this instance, locore-

gional therapy, which is believed to convert immunosup-

pressed HCC from a ‘‘cold’’ to a ‘‘hot’’ form, combined

with ICIs is attracting considerable attention [19]. How-

ever, the stimulatory effect of TACE on immunoactivation

has to be re-examined in the absence of substantial

pathological evidence. While TACE-induced tumour

necrosis and antigen release contribute to immunoactiva-

tion, the simultaneous hypoxia, inflammatory storm and

accumulation of lactate ultimately lead to immunosup-

pression [20, 21].

The exacerbated PD-L1 in tumour tissues indicate that

the timely integration of anti-PD-1/PD-L1 poses reason-

able salvages to reverse immunosuppression after

embolization and blocking potential immune escape [22].

Interestingly, an uneven spatial distribution of PD-L1

expression is observed in the TAE-treated tumours, with

central regions exhibiting significantly higher PD-L1 levels

than margins. Previous studies have demonstrated that the

margins of HCC are less amenable to embolization than its

central regions [23, 24]. Therefore, it is conceivable that

hypoxia inducible factor-a may enhance PD-L1 expression

moderately in tumour margins in comparison with the

central areas. Furthermore, the infiltration of suppressive

immune cells induced by inflammation and caused by

necrosis may be more pronounced in tumour centre, and

may eventually promote the expression of PD-L1 [21].

Fig. 5 The correlations between PD-L1 positive cells and CD8?T

lymphocytes infiltration on IHC in the TAE-treated tumours. a Cor-

relation in overall tumours. b Correlation in the margins. c Correlation
in the centres
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Although combination with anti-PD-1/PD-L1 following

embolization represents a reasonable approach, the findings

of this study do not yet support the hypothesis of a strong

synergy between the two treatments. The results of this

animal study offer insight into the outcomes of the

EMERALD-1 trial, which demonstrated that TACE com-

bined with durvalumab monotherapy is not clinically

meaningful, while the addition of anti-angiogenesis sig-

nificantly improved patient progression-free survival [25].

The decreased number of CD8?T lymphocytes and the

overexpression of PD-L1 following embolization define

tumour status as intrinsic induction, which is incapable of

optimizing ICIs response, even when exhausted CD8?T

lymphocytes are liberated by anti-PD-1/PD-L1 [11].

Additional interventions are required to facilitate the pre-

liminary recruitment of CD8?T lymphocytes and subse-

quent transfer of tumour status into the adaptive immune

resistance [26, 27]. Subsequently, anti-PD-1/PD-L1 is

expected with the objective of wakening CD8?T lympho-

cytes to maximize immune response. Particularly, the dis-

tribution of CD8?T lymphocytes in the tumour centre

versus the tumour margin depicts a landscape similar to

immune excluded, whereby CTLs are excluded from the

actual cancer cell nests [28]. Tan et al. suggested that post-

TACE accumulation of M2 macrophages within the TIME

hinder CD8?T recruitment [21]. High expression of PD-1/

PD-L1 promotes CD8?T lymphocytes apoptosis and vice

versa [29]. This may have contributed to the observed

negative association on CD8?T lymphocytes infiltration

and PD-L1 expression.

Embolization-induced hypoxia has long been considered

as stumbling blocks to immune stimulation, whereas recent

insights into metabolism find that hypoxia actually plays a

necessary role in CD8?T lymphocytes activity. Extracel-

lular adenosine triphosphate released by dying cells, in an

inflammatory context, is reported to enhance innate

immunocytes, which in turn stimulates CD8?T lympho-

cytes cytotoxicity theoretically [30–32]. This may explain

the increased ratio of granzyme-B?CD8?T lymphocytes

observed in TAE-treated tumours.

The evaluation of tumour immunity through simplified

indicators is a relatively straightforward process; however,

this approach is challenging to provide a comprehensive

understanding of the subject. Notably, cytokines play a

crucial role in the shaping of TIME within the tumour-

immunity cycle [33]. Interleukin-6(IL-6) is intimately

associated with the inflammatory TIME after embolization,

as it serves as the primary mediator of pro-inflammatory

signalling [34, 35]. The high expression of IL-6 not only

accelerates tumour proliferation, but also enhances angio-

genesis and enhances HCC stemness [36]. In particular, the

negative relationship between IL-6 expression and anti-PD-

L1 and anti-angiogenes is response highlights the necessity

for further investigation into the optimal timing for com-

bination therapy, with the objective of avoiding the

immunosuppression induced by inflammation following

embolization [37]. Furthermore, it has been proposed that

the cytokine TGF-b may be employed as an additional

indicator for tumour immunophenotyping [38]. In addition,

several questions pertaining to immunology remain unan-

swered, including whether alterations in immune cells and

immune checkpoints are associated with embolization

materials and the impact of anti-angiogenesis prior to or

following embolization on the TIME.

There are limitations in this study that require further

explanation. First, this study carries limitations as it

examines only a narrow range of phenotypes limited by the

availability of suitable commercial antibodies. Second, the

study solely explores the effects of embolization on

immunity, while the impact of chemotherapeutic agents on

CD8?T and PD-1/PD-L1 falls outside the realm of this

investigation. Finally, this study primarily concentrates on

the short-term immune response of embolization on HCC.

Future observations at multiple time points are needed to

reveal dynamic changes in tumour immune status.

In conclusion, the results of this animal study indicate

that the intrinsic induction status of the tumour in the short

period after embolization is insufficient to elicit a maximal

response to PD-1/PD-L1 inhibitors, based on the observa-

tion of a decreased number of CD8?T lymphocytes and

increased PD-L1 expression after TAE.
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