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A B S T R A C T

Purpose: A series of clinical studies have established the safety and efficacy of transcatheter arterial chemo-
embolization (TACE) with gelatin sponge microparticles (GSMs) in treating hepatocellular carcinoma (HCC). HCC
can lead to obvious necrosis inside tumors, especially larger ones, although it is unclear whether such necrotic
tumor tissue can induce favorable immune reactions against the tumor. Myeloid-derived suppressor cells (MDSCs)
have immunosuppressive functions and are currently considered a very important cell type affecting tumor im-
munity. This study observed changes in MDSC frequency in peripheral blood before and after GSM–TACE to
evaluate the effect on the immune function of HCC patients.
Methods: Eight patients diagnosed with HCC underwent GSM–TACE treatment in the Hepatobiliary Interventional
Department of Beijing Tsinghua Chang Gung Hospital, Beijing, China; we followed up with the patients over a
period of 30 days post-surgery. We used flow cytometry (FCM) to quantify the frequency of MDSCs in peripheral
blood before TACE, 10 days after surgery and 30 days after surgery.
Results: MDSC frequency after GSM–TACE had a significant downward trend. Pre-TACE, it was 30.73%� 11.93%,
decreasing to 18.60%� 11.37% at 10 days after operation. This decrease was not statistically significant
(P> 0.05). MDSC frequency was even lower 30 days after TACE (7.63%� 7.32%) than at 10 days after TACE
(P< 0.05), and there was a significant difference compared with pre-TACE (P< 0.001). We evaluated tumor
response at 30 days after GSM–TACE according to the Modified Response Evaluation Criteria in Solid Tumors
(mRECIST), and all eight patients showed partial response (PR).
Conclusion: Our results confirmed that GSM–TACE was beneficial for improving anti-tumor immunity in the
treatment of HCC.
1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most prevalent cancer
and the third most common cause of cancer-related deaths worldwide,1

especially in Asian countries.2 Moreover, patients most patients with
HCC are already in the advanced stage of the disease when they are
clinically diagnosed. Therefore, transcatheter arterial chemo-
embolization (TACE) has become an important method for the treatment
of hcc.3 Regulation of tumor-associated host immune responses following
cancer treatment has been reported in recent years. For example, studies
have found that treating HCC with radiofrequency ablation (RFA) or
TACE increases the frequency of tumor-associated antigen (TAA)–spe-
cific T cells, likely because tumor cell necrosis causes their antigens to be
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exposed.4,5 There are also reports of decreased MDSC frequency in the
peripheral blood of patients with HCC after hepatic arterial infusion
chemotherapy (HAIC) or RFA.6 However, the current impact of TACE on
MDSCs in the peripheral blood of patients with liver cancer has not been
reported.

As embolic agents, gelatin sponge microparticles (GSMs) are
absorptive, pose fewer complications, and cause lighter liver damage.7

Our previous study confirmed the beneficial effect of GSM–TACE on
overall survival (OS) rates and tumor response in HCC in Barcelona Clinic
Liver Cancer (BCLC) Stages B and C.8,9 In using GSM–TACE to treat HCC
in clinical practice, we have found some special clinical phenomena, such
as the disappearance of metastatic lymph nodes and pulmonary meta-
static nodules after tumor necrosis, suggesting that necrosis of primary
oduction and hosting by Elsevier B.V. on behalf of KeAi. This is an open access
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Table 1
Clinical characteristics of the eight patients.

Case
#

Age Sex
(M/
F)

BCLC
stage

Liver
function
(Child-pugh
A/B/C)

HBsAg
(positive/
negative)

Diameter of
main tumor
(mm)

1 66 F C B Positive 124
2 50 M C A Positive 32
3 55 F C A Positive 71
4 71 M B A Positive 97
5 47 M B A Positive 16
6 63 M C A Positive 45
7 44 M B A Positive 105
8 49 F C A Negative 106

ECOG PS: Eastern Cooperative Oncology Group Performance Score. BCLC: Bar-
celona Clinic Liver Cancer. Hepatitis B virus surface antigen.
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tumors may have induced anti-tumor immune response. Therefore, we
designed this study to observe changes in the frequency of MDSCs in
peripheral blood before and after GSM–TACE to test our hypothesis.

2. Materials and methods

2.1. Standardized GSM–TACE

Eight subjects with clinically diagnosed HCC were examined in the
present study (Table 1). HCC was diagnosed based on underlying chronic
liver disease, radiological findings, and elevations in tumor markers.
Regarding tumor stage, the following patients were included: (1) severe
vascular invasion (i.e., vascular invasion in the main trunk to the sec-
ondary branches of the portal vein; or invasion in the right, middle, or left
hepatic vein) and (2) multiple intrahepatic lesions (i.e.,�3 nodules in the
Fig. 1. (c) Pre-operative enhanced-CT image. (a–b) Intra-operative
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left and/or right lobes as confirmed by radiology). After diagnosis, all
patients were treated with GSM–TACE in the Hepatobiliary Interven-
tional Department of Beijing Tsinghua Chang Gung Hospital, Beijing,
China. All patients in this study were first-line patients. In the TACE
procedure, the patient's right femoral artery was punctured. Angiography
of the celiac and hepatic arteries was routinely performed with a 5F-RH
hepatic duct. Angiography was performed on the inferior phrenic, su-
perior mesenteric, left gastric, intrathoracic, and intercostal arteries ac-
cording to tumor site, size, and staining integrity in order to ensure
complete tumor staining. We treated patients with the chemotherapeutic
drug lobaplatin (Hainan Chang'an International Pharmaceutical Co., Ltd.,
Haikou, China) at a dosage range of 10–30mg based on tumor size
(tumor diameter <5 cm, 10mg; 5–10 cm, 20mg; �10 cm, 30mg),10,11

and we diluted the drug with water for injection (WFI) to 30mL, and
mixed it with GSMs 350–560 μm in diameter (Hangzhou Ailikang Phar-
maceutical Technology Co., Ltd., Hangzhou, China; specification:
100mg; product batch number: 080722). Under digital-subtraction
angiography (DSA), we slowly injected the mixture of GSMs and drugs
into the tumor-supplying artery. Embolization stop criteria were that
tumor staining disappeared completely and blood flow in the regional
artery was stagnant. Before TACE, 10 days after TACE, and 30 days after
TACE, we took 4mL peripheral venous blood to analyze changes in
MDSC by flow cytometry (FCM). Response rate after GSM–TACE was
determined by performing enhanced computed tomography (CT) or
enhanced magnetic resonance imaging (MRI) 30 days after TACE ac-
cording to the Modified Response Evaluation Criteria in Solid Tumors
(mRECIST). Subjects were classified as showing complete response (CR),
partial response (PR), stable disease (SD), or progressive disease (PD).12

All patients in this study provided written informed consent to
participate in the study.
DSA image. (d) Enhanced-CT image 30 days after GSM–TACE.



Fig. 2. (a) A statistically significant distribution. (b) Decrease in MDSC frequency at different time periods. *P< 0.05. **P< 0.01. ***P< 0.001. ns: No signifi-
cant difference.
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2.2. MDSC detection and analysis

2.2.1. Cell isolation and FCM analysis
We collected 4 mL of fasting peripheral venous blood from all HCC

patients before GSM–TACE, 10 days after surgery, and 30 days after
surgery using heparin anticoagulation tubes. We then added 100 μL
whole blood to a dry blank tube, lysed it with 500 μL OptiLyse C
Lysing Solution (Beckman Coulter Diagnostics, Brea, California, US),
vortexed the solution, and incubated the lysed blood at room tem-
perature for 15 min to assure lysis was complete. Then we added 2mL
phosphate-buffered saline (PBS), and we vortexed and centrifuged the
mixture at 300 g for 5 min. After centrifugation, we aspirated the
supernatant, resuspended the cell pellet in 500 μL PBS, added 5 μL
each of CD14, CD11b, and HLA-DR antibodies, and mixed the solution
low speed for 5 s. Finally, we analyzed the samples on a flow
cytometer.

2.2.2 Antibodies and laboratory equipment: To determine MDSC
frequency, we performed multicolor fluorescence-activated cell sorting
analysis using Beckman Coulter CytExpert software version 1.1. We also
used a DxFLEX Flow Cytometer (Beckman Coulter), a Labofuge 400R
Centrifuge (Thermo Fisher Scientific, Waltham, Massachusetts, US), a LP
Vortex Mixer(Thermo Fisher Waltham, Massachusetts, US), and the
following anti-human monoclonal antibodies: CD11b-APC-Alexa Fluor
750, CD14-PC7, anti–HLA-DR-ECD, OptiLyse C solution, and PBS (all
Beckman Coulter).

2.2.2. Detection of MDSCs
HumanMDSCs are generally defined as inhibitory cells with CD11bþ/

CD33þ/HLA-DR low/�. CD14, like CD11b and CD33, is a common MDSC
surface marker.13,14 However, recent studies have found that while there
is no clear definition of total MDSCs,15 they can be classified as
CD11bþ/CD14�/CD15þ or CD66þ (polymorphonuclear MDSCs
[PNM-MDSCs), CD11bþ/CD14þ/HLA-DR low/� (monocytic MDSCs
[M-MDSCs]), or Lin�(CD3/14/15/19/56)/HLA-DR�/CD33þ (early--
stage MDSCs [e-MDSCs]).16–18 In the present study, MDSCs identified in
the blood of patients with HCC were mainly of the
CD11bþ/CD14þ/HLA-DR low/� M-MDSC phenotype.
2.3. Statistical analysis

We performed statistical analysis with Statistical Product and Service
Solutions software version 11.0 (SPSS, Inc., Chicago, Illinois, US). Results
are expressed as the mean� standard deviation (SD). We used the t-test
to compare changes in MDSC frequency. Count data is expressed as
percentages (%). P< 0.05 was considered to indicate statistical signifi-
cance in all analyses.
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3. Results

3.1. Patient profiles

In all cases, HCC was diagnosed based on potential chronic liver
disease, typical radiological findings, and elevated tumor markers. In
terms of tumor diameter, there were 3 patients with tumor diameter
�10 cm, and 5 patients with tumor diameter <10 cm. In terms of BCLC
staging, 3 patients were classified as stage B, and the remaining patients
were all C stage, at the same time, all patients are multiple intrahepatic.
Seven patients were classified as Child–Pugh Class A, and the remaining
patient was classified as Class B. All patients showed PR by 30 days after
GSM–TACE, and one patient underwent tumor resection 30 days after
GSM–TACE. An enhanced-CT revealed that the patient had a large lesion
in the liver (Fig. 1c), and intra-operative angiography showed abundant
tumor blood supply (Fig. 1a). During the TACE process, tumor-feeding
arteries were blocked by the GSM–lobaplatin mixture (Fig. 1b). Thirty
days later, a follow-up enhanced-CT scan showed a large amount of
tumor necrosis with no significant enhancement (Fig. 1d).
3.2. Changes in MDSC

MDSC frequency after GSM–TACE had a significant downward trend
(Fig. 2). Pre-TACE, the frequency was 30.73%� 11.93%, and it
decreased to 18.60%� 11.37% 10 days post-surgery. This decrease was
not statistically significant (P> 0.05). MDSC frequency 30 days after
TACE (7.63%� 7.32%) was lower than at 10 days after TACE (P< 0.05),
and there was a significant difference compared with pre-TACE.
(P< 0.001). Fig. 3 is a FCM diagram of a patient before TACE, 10 days
after TACE, and 30 days after TACE. Fig. 3 illustrates that MDSC fre-
quency in this patient before TACE was 39.85% (Fig. 3a), decreasing to
23.89% 10 days after GSM–TACE (Fig. 3b). In the month after surgery,
the frequency continued to drop to 17.34% (Fig. 3b). In all patients,
serum AFP and protein-II induced by a vitamin K absence (PIVKA-II)
levels were decreased after TACE. The changes in tumor markers were
almost similar to changes in MDSC frequency (Table 2).

4. Discussion

TACE has become one of the main treatment approaches for advanced
liver cancer. The consensus guidelines developed by experts in the United
States, Asia-Pacific, and Europe recommend that TACE be used as the
first-line treatment for patients with advanced liver cancer who have (a)
large or multiple tumors that cannot be surgically removed, and (b)
vascular infiltration or (c) extrahepatic dissemination. These guidelines
have significantly improved the survival rate of liver cancer patients.19–21



Fig. 3. MDSC changes in one patient. (a) Pre-surgery, MDSC frequency was 39.85%. (b) MDSC frequency decreased to 23.89% by 10 days after TACE. (c) MDSC
frequency continued to decrease to 17.34% by 30 days after TACE.

Table 2
Changes in tumor markers and MDSC frequencies in patients before and after TACE.

AFP (ng/ml) PIVKA-II (mAU/m) MDSC (%)

Case # Pre-op. 10 days after 30 days after Pre-op. 10 days after 30 days after Pre-op. 10 days after 30 days after

1 298.99 221.37 304.26 1305.27 14.06 20.82 44.90% 40.08% 3.01%
2 20.2 12.09 5.95 10,556.75 3616.3 848.52 15.36% 13.13% 2.41%
3 47.86 15.72 10.63 610.23 114.56 14.49 27.48% 17.15% 1.58%
4 7.11 4.21 2.11 1260.48 298.01 78.53 23.63% 4.82% 4.02%
5 986.61 185.82 168.5 >30,000.00 7185.8 4278.23 12.29% 8.22% 3.75%
6 436.67 394.38 333.58 14,841.44 14,048.34 11,358.09 39.85% 23.89% 17.34%
7 1822.74 857.71 255.3 799.94 191.89 107.22 41.16% 14.56% 8.35%
8 1094.84 979.7 791.06 35.22 11.56 5.78 41.15% 26.91% 20.57%
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Table 3
Comparison of MDSCs between healthy donors and HCC patients.

Donor M-MDSC Frequency Comparable HCC Patient

1 5.93% 44.90%
2 0.96% 15.36%
3 5.13% 27.48%
4 1.68% 23.63%
5 2.34% 12.29%
6 4.8% 39.85%
7 1.94% 41.16%
8 3.4% 41.15%
9 3.12%
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BCLC Stage B patients are recommended for TACE treatment.22 Previous
studies by our team indicate that the clinical application of GSM–TACE
can improve patients' immune status' by destroying tumors, exposing
tumor antigens, and ultimately improving the long-term efficacy of
TACE. It can also reduce the frequency of regulatory T cells (Tregs) in
peripheral blood, confirming that the method can positively regulate the
body's anti-tumor immune response.23,24

MDSCs are a type of immature cells in the bonemarrow shown to play
a pivotal role in immune responses, such as pro-angiogenesis, inflam-
mation, tumor progression, and tumor cell immune escape; MDSCs are
closely related to the prognosis of cancer.25 MDSCs expand under path-
ological conditions, such as malignant tumors, infections, or wounds,
losing the ability to differentiate into mature macrophages, dendritic
cells, or granulocytes.26 This expansion strongly inhibits the anti-tumor
activity of T and natural-killer (NK) cells, and activates Treg amplifica-
tion, which ultimately leads to tumor progression.27 As a monocyte
subpopulation of MDSCs, CD14�/HLA-DR low/� M-MDSCs have been
reported to increase significantly in malignant tumors, including mela-
noma, multiple myeloma, prostate cancer, and bladder cancer.28 Also, in
a recent study, Hoechst et al.29 reported a significant increase in
CD14�/HLA�DR low/� M-MDSCs in HCC patients and that these
M-MDSCs inhibited T cell function. In this study, we also analyzed pe-
ripheral blood from nine healthy donors and compared the results with
pre-operative data from HCC patients (Table 3). We found that the fre-
quency of healthy donors’ MDSCs was very low (Fig. 4a),
Fig. 4. (a) The frequency of M-MDSCs in peripheral blood from a healthy person is
donors. ****P< 0.0001.
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3.26%� 1.71%, while that of pre-operative HCC patients was
30.73%� 11.93%. The two sets of data showed significant differences
(P< 0.0001) after analysis (Fig. 4b). Therefore, we believe MDSCs
increased significantly in our HCC patients. However, due to an insuffi-
cient number of patients and related conditions such as lack of relevant
experimental protocols and reagents, we did not conduct multivariate
analysis; thus, it was not clear whether MDSCs affected the number and
function of T cells in these patients.

In addition, studies have found that the use of certain chemothera-
peutic drugs can reduce MDSC frequency and produce significant anti-
tumor effects.27,30 Examples include the use of oxaliplatin in the treat-
ment of colon cancer and the use of gemcitabine for perfusion therapy in
patients with pancreatic cancer. Mizukoshi E et al.6 treated HCC patients
with a HAIC regimen of 5-fluorouracil combined with cisplatin and found
that the frequency of MDSCs and Tregs in the patients' peripheral blood
decreased after surgery. In this study, we examined changes in MDSC
frequency in peripheral blood from HCC patients before and after
GSM–TACE treatment and found that frequency decreased as time after
surgery increased. This indicated that GSM–TACE treatment could
improve the tumor immune microenvironment by reducing MDSC fre-
quency. However, this phenomenonmay be due to tumor necrosis caused
by embolization, tumor burden reduction or apoptosis, or chemothera-
peutic drugs, resulting in decreased MDSC levels in the tumor microen-
vironment. It is possible that the effect is due to synergy, but we don't
know the specific cause or mechanism.

In conclusion, this study showed a significant reduction in MDSC
frequency after GSM–TACE, indicating that this method had a positive
regulatory effect on the body's anti-tumor immune function. These results
provide preliminary evidence that GSM–TACE combined with other
methods, especially immunotherapy, may be helpful for improving the
efficacy of HCC treatment.
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1.68%. (b) For HCC patients, the figure is significantly higher than for healthy
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