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Abstract: Chronic hepatitis B virus (HBV) infection has considered a major risk factor for the development and 

progression of hepatocellular carcinoma (HCC), long-term lack of effective treatment worldwide. Hapten enhanced 

intratumoral chemotherap may provide a revival effect of immune system to against cancer cell of HCC and HBV. Methods. 

Single-cell RNA sequencing (scRNA-seq) was used to analyze the changes at the molecular level of tumor reflection from 

the untreated tumor after HEIC treated a few multi-focal HCC tumors. Results. After treatment with major tumors, both 

BMEM and Naive B cells, significantly increased MHC II signaling pathway-related genes, while plasma cells upregulated 

MHC I-related genes. Fibroblast, γδT/NK cells and Neutrophils, while NKT cells, Plasma cells, Endothelial cells, and B 

cells and M2 Macrophage showed values of AUC less than 0.6 which indicated minor affection or possible minor 

contribution to the therapeutic effect. It was observed significantly reduced scores of HBV-infection pathways, the 

percentages of CSTA+DCs and Kupffer cells were reduced, showing accordance with the attenuated HBV caused 

inflammation. Patient of HCC HBV DNA titter drop to zero and got control of the multifocal masses of HCC who still 

live. It is first discovered hapten is modifiing neo HBsAg (HBsAg) while it is modifying the TAAs’s epitope, which return 

to a neo HBsAg, neu TAAs and rejuvenate a revival effects of immune system against cancer and HBV, i.e., by activating 

efficacy of CD4 T-cell activation and CD8 T-cell responses, thus, prolonging the survival time of patients, and maintaining 

the quality of life. Conclusions. This study provides new biological knowledge of therapy, hapten based intratumoral 

chemoimmunotherapy is playing an important role to improve neu TAAs and neo HBsAg for a revival of immune effect 

to control cancer cell and HBV in HCC with HBV positive. 
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1 Introduction 

The burden of hepatocellular carcinoma (HCC) has pro-

gressively declined in the United States and increasing in 

China, and the distribution of tumors in China and the 

United States is converging. [1] Multi-focal HCC tumors 

that develop from primary intrahepatic metastasis (IM) or 

multi-center progression (MO) are a major feature of hepa-

tocellular carcinoma (HCC). [2] Chronic hepatitis B virus 

(HBV) infection has long been considered a major risk fac-

tor for the development and progression of hepatocellular 

carcinoma (HCC) through direct and indirect mechanisms, 
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http://dx.doi.org/10.57237/j.wjcm.2026.01.002


14 Baofa Yu et al.:  Hapten Immunetherapy for Liver Cancer HBV+ 40 Years and Restores Normal HBV-  
 

http://www.wjclinmed.com 

with HBV causing more than half of all HCC cases world-

widely. The transformation of HBV infected liver into HCC 

is mainly the result of long-term interactions between HBV 

and host hepatocytes through multiple mechanisms, includ-

ing HBV DNA integration, prolonged expression of viral 

HBV regulatory proteins and/or preS/S envelope proteins, 

and epigenetic dysregulation of tumor suppressor genes. [3] 

Surgery is the preferred treatment for early stage of HCC. 

Among HCC multifocal tumors, only a minority of HCC pa-

tients survive longer under the control of immune surveil-

lance, while other HCC patients have a poorer prognosis due 

to various mechanisms that evade the immune system. [2] 

Local therapy and new treatment options remains a neces-

sary for the treatment of primary multifocal HCC. [4] Immu-

notherapy has emerged as a new treatment opportunity for 

multifocal liver cancer like programmed death-1 (PD1) or 

programmed death-ligand 1 (PD-L1) blockers, it has also 

been successful in showing some promise. [5]. Hapten com-

bined chemotherapy has been successfully injected into liver 

cancer tumors, prolonging survival and maintaining patients' 

quality of life. [6] It works by killing the tumor, releasing the 

tumor-associated antigens (TAAs) with hapten modifying at 

same time to turn TAAs to neo TAAS and producing an ef-

fective DC through antigen presentation, thereby generating 

an immune response in the whole body and untreated tumor 

area. These antigens are modified by haptens and act as im-

munomodulators to alter tumor epitopes of tumor antigens. 

This immune response may be reflected in distal tumors in 

the form of proximal distal effects in many kind of lung and 

liver cancer patients. [6-8] New treatments for HBV-positive 

multifocal liver cancer have not been reported. 

Hapten enhanced intratumoral chemotherapy (HEIC), 

which uses small molecules as haptens with chemical drugs 

injected into tumor, it kill tumor cells and release tumor an-

tigens. [9-11] These antigens are modified by hapten and 

turn into neo antigens, which are then presented by dendritic 

cells to initiate and activate the action of tumor vaccines and 

stimulate the immune system. HEIC has shown promise in 

generating tumor-specific T cell immune responses like cy-

tokines such as IFN-γ, IL-4, which can be further enhanced 

when combined with other immunotherapies like PD1. [9, 

12-14] HEIC induced significant in vitro effects of B cell 

immune system associated with increases of autologous an-

tibodies of p53, P16, RalA, Survivin, Zeta, Cmyc, HCC1, 

NPM1, IMP1, [10, 13, 14] suggesting a strong immune re-

sponse. HEIC mediates and enhances the crosstalk between 

tumors and immunity, resulting in increased anti-TAAS an-

tibodies and immune cytokines that kill tumors. [11, 13, 14] 

HEIC was successful application to HCC treatment includ-

ing huge size and multifocal tumors of HCC [15, 16]. 

Single-cell RNA sequencing (scRNA-SEQ) is a new tech-

nology, thousands of cells can be evaluated simultaneously 

and complex cellular regulation, communication, and inter-

actions can be revealed before and after HEIC therapy. [17]  

The current scRNA-SEQ on HCC mostly focus on the tumor 

microenvironment (TME), [18] lacking in comparison of in 

vitro effects related to liver cancer immune responses at the sin-

gle-cell level of untreated tumors. There is no publication about 

comparison of hapten-enhanced local chem-immuotherapy be-

fore and after an primary HBV-positive HCC with multiple fo-

cal tumors and restore to abnormal HBV negative. 

Hapten was employed in the immunotherapy of HPV-as-

sociated lession due to hapten treating HPV16-E7 protein 

and turn into vaccine of HPV. [19-21] We can expect that 

HEIC kill liver cancer cells and hapten modify the product 

of HBV like protein HBx and/or altered versions of the 

preS/S envelope proteins on cellular chromatin and specific 

gene loci and turn into HBV vaccine. 

In this study, we applied scRNA-Seq to tumor tissues of 

multiple tumor primary sites before and after treatment of 

tumors, and analyzed untreated tumor samples to explore 

the relationship between the response of inducing immune 

to tumor therapy. 

In addition, we comprehensively characterized the ma-

lignant epithelial cells and various immune cells, and het-

erogeneity of cell subtypes, changes in HBV expression at 

cellular and molecular levels of HBV and blood HBV titers. 

This study provides new biological knowledge on the T and 

B cell at sing cell level of untreated tumors before and after 

intratumoral injection of haptens plus chemotherapy agents 

in primary focal tumors. 

2 Materials and Methods 

2.1 Sample Collection 

The liver cancer samples used in this study were collected 

from patient with multifocal tumors of HCC by pathological 

and PETCT confirmation and this experiment was approved 

by the Ethics Committee Board of Shandong Baofa Cancer 

Institute (TMBF 0010, 2015) for therapy and participation in 

the study prior to commencing. a small primary mall tumor 

biopsied from the primary major tumor was used as window 

for scRNA-SEQ analysis, this tumor was not treated at all, at 

time point of before and after primary major tumor treat for 

intratumoral injection of cytotoxic drugs plus hapten (Figure 
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1 Graphic abstract) in Taimei Baofa Cancer hospital. The pa-

tient with high abnormal HBV and Alpha-fetoproteins (AFP)-

negative (AFP≤20 ng/mL) was detected by blood test and di-

agnosed as hepatocellular carcinoma at a general hospital in 

Beijing. Then the blood was taken again to detect circulating 

tumor cells (CTC). [23] His HBV titter is very high for 

2.14×105 ng/ml. All experiments were conducted after ap-

proval by the Ethics Committee Board of Shandong Baofa 

Cancer Institute (ID: TMBF 0010, 2015), and the participating 

patient also signed informed consent forms. 

2.2 Single Cell RNA-seq: Cell 

Preparation, Library Construction 

and Sequencing 

After the fresh tumor samples and blood were obtained. 

First, the samples were washed with Hanks Balanced Salt 

Solution (HBSS). The single-cell suspensions were pre-

pared using enzymolysis, followed by preparing single-cell 

RNA-seq libraries using SeekOne® Digital Droplet 

(SeekOne® DD) Single Cell 3’ library preparation kit. The 

prepared libraries were cleanup with SPRI beads, quanti-

fied by quantitative PCR (KAPA Biosystems KK4824) and 

then sequenced on Illumina NovaSeq 6000 in NovaSeq in 

Novogene, Co. Ltd (Beijing, China). 

2.3 Bioinformatic Analysis 

The pipeline of processing the raw reads, cell filtering and 

annotation were manually performed referring to the refer-

ences. [22, 23] In brief, the clean reads filtered by fastp soft-

ware (version 0.23.2) [24] were used to generate transcript ex-

pression matrix with SeekSoul tools. Cell filtering and anno-

tation were carried out using the package Seurat. [25]. The 

poor-quality cells were flagged when they met one of the fol-

lowing thresholds: 1) number of features (nFeature_RNA) < 

400 or nFeature_RNA > 7,000; 2) the number of reads 

(nCount_RNA) < 500 or nCount_RNA > 80,000; and 3) total 

percentages of mitochondrial genes > 5% or ribosomal genes > 

40%. DoubletFinder package were employed to identify sin-

glet cells, [26] followed by cluster identification and annota-

tion based on classical cell markers. Gene set enrichment anal-

ysis (GSEA) based on the differentially expressed genes 

(DEGs), and GSVA were employed for functional enrich-

ments analysis. [27-29] A tool prioritizing the responsiveness 

of a population to experimental perturbations, was used with 

default parameters to calculate the perturbation prioritization 

of different cell types in response to treatment. The functional 

activities of T cells were estimated using GSAV and the gene 

sets of Naive (IL7R, CCR7, SELL, FOXO1, KLF2, KLF3, 

LEF1, TCF7, ACTN1, FOXP1), Activation effector function 

(FAS, FASLG, CD44, CD69, CD38, KLRF1, FOXP1, KLRG1, 

FCGR3A, CX3CR1), Exhaustion (PDCD1, LAYN, HAVCR2, 

LAG3, CTLA4, TOX, VSIR, BTLA, ENTPD1, CD160), TCR 

Signaling (CALM1, CALM2, CALM3, CAST, GNLY, PRF1, 

CD3D, CD3E, CD3G, CSK), Cytotoxicity (GZMA, GZMB, 

GZMH, GZMK, GZMH, NKG7, PRF1, KLRF1, KLRK1, 

FCGR3A), Cytokine receptor, (CSF1, IL10RA, IL16, IL17RA, 

IL18RAP, IL21R, IL2RB, IL2RG, IL32, IL9R), Chemokine re-

ceptor (CCR4, CCR5, CCR7, CXCR3, CXCR4, CXCR5, 

CXCR6, CXCL13, CXCL8, CCL3), Senescence (NT5E, 

IZUMO1R, LAG3, CBLB, DOK1, DOK2, SERPINB1, SER-

PINB6, SERPINB9, ADAM10), Anergy (NFKB1, NFKB2, 

NFKBIA, NFKBIB, NFKBIZ, CHUK, IKBKB, IKBKG, RELA, 

RELB), NFKB Signaling (HIKESHI, UBA52, RPA2, RPA3, 

MAP2K1, MAP2K2, MAP2K3, MAP3K4, MAP3K5, 

MAP3K8), Stress response (MAP2K1, MAP2K2, MAP2K3, 

MAP3K4, MAP3K5, MAP3K8, MAPK1, MAPK1, MAPK11, 

MAPK13), MAPK Signaling (ITGA1, ITGA4, ITGAE, ITGAL, 

ITGAM, ITGB1, ITGB2, ITGB7, SELL, SELPLG), Adhesion 

(IFIT1, IFIT2, IFIT3, IFIT5, STAT1, STAT2, IRF1, IRF4, 

IRF7, IRF8), IFN Response (ATP1B3, ATP2A3, ATP2B1, 

ATP2B4, ATP5A1, ATP5B, ATP5C1, ATP5D, ATP5E, 

ATP5EP2), Oxidative phosphorylation (SLC2A3, SLC2A8, 

SLC2A8, PFKFB3, ALDOA, PGAM1, PGK1, PKM, LDHA, 

LDHB), Glycolysis, (ACAA1, ACADM, ACADVL, ACSL5, 

ALDH16A1, ALDH9A1, ALDH9A1, BAK1, BAX, BID), Fatty 

acid metabolism (BCL2L11, BCL11B, BCL2L1, BIN1, BIN2, 

BIN1, BAG3, BAG4, BAK1, BAX), Pro apoptosis (BCL2L11, 

BCL11B, BCL2L1, BIN1, BIN2, BIN1, BAG3, BAG4, BAK1, 

BAX), Anti apoptosis (BCL2L1, BCL11B, BCL2L1, BIN1, 

BIN2, BIN1, BAG3, BAG4, BAK1, BAX) [30, 31]. Monocle2 

[32] and CytoTRACE [33] were employed to infer develop-

mental trajectories of cells within same broad type. CellChat 

packages with default parameters was employed to predict 

cellular communications. [34] The built-in tests in the soft-

wares were employed acquiescently to calculate adjusted p 

values at a significance threshold of adj.p < 0.05. 

3 Results 

3.1 Clinical Benefit Characteristics 

The blood sample was collected for circulation tumor 
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cells count for hepatocellular carcinoma, CTC was de-

tected, and it showed CTC numbers decreased from 48/3ml 

(before treatment) to 3/3ml one week later, and CTC fur-

ther decreased to 1/3ml two weeks later (after treatment). 

It indicates that the tumor was controlled, and fewer live 

tumor cells were released into blood circulation after treat-

ment. CT and color ultrasonic imaging showed the tumor 

was stable and under control with the tumor. PETCT 

showed that there is no activity of F18-FDG in the scope of 

the tumor area at one years later. The abnormal HBV DNA 

level was observed as greatly decreased 2.14×105 ng/ml to 

8×102 ng/ml 30 days after the first treatment and less 40 

iu/ml at 180 days after first treatment, at 1 year time of 

treatment, he is living normal as normal person. 

3.2 Landscape of Sing-cell Atlas of HBV-infected Liver Before and After Treatment 

 

Figure 1 Landscape of sing-cell atlas. UMAP visualization illustrating the cell types (A), and heatmap illustrating marker genes of different 

cell types (B). (C) Dot plot comparing the levels of HBV reads in different cell types, and the HBV levels in Hepatocyte between the 

Before group and the After group. (D) Bar plot comparing the percentages of non-Hepatocytes between the Before group and the 

After group. (E) AUC values calculated by Augur for different celltypes 

As shown in Figure 1A, a total of eleven broad cell types 

were assigned, including Fibroblast cells, Plasma cells, B 

cells, Neutrophils, Cholangiocytes, NKT cells, Myeloid, 

Hepatocytes, Endothelial cells, T cells, and γδT/NK cells. 

Their cell markers were shown in Figure 1B. HBV reads 

were only detected in Hepatocytes. Moreover, the percent-

age of HBV-infected Hepatocytes were reduced from 5.05% 

in Before group to 0.1% in after group (Figure 1C), further 

demonstrated the effective therapeutic effect in this study. 

The percentages of different broad cell types in the two 

groups were shown in Figure 1D and Table 1. In comparison 

to the before group, we observed possible reduction in the 

infiltration of Plasma cells, Neutrophils and NKT cells, as 

well as possibly increased Myeloid and γδT/NK, in after 

group. The machine learning algorithm augur were em-

ployed to estimate the perturbation prioritization of different 

cell types in response to treatment (Figure 1E). The Hepato-

cytes was the most affected cells with AUC scores of 0.748 

far ahead others’, which was in accordance with the effective 

therapeutic effect in this study. The followed three affected 

cell types were Fibroblast (AUC = 0.637), γδT/NK cells 

(AUC = 0.617) and Neutrophils (AUC = 0.614), while NKT 

cells, Plasma cells, Endothelial cells, and B cells showed val-

ues of AUC less than 0.6 which indicated minor affection or 

possible minor contribution to the therapeutic effect. 
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3.3 GSVA Scores of KEGG Pathways in Hepatocytes and Neutrophils 

 

Figure 2 Comparison of the GSVA scores of KEGG pathways between the After group vs the Before group 

To further verify the therapeutic effect, GSVA against 

KEGG was then performed on the Hepatocytes and Neutro-

phils in before and after groups. As shown in Figure 2, we ob-

served significantly reduced scores of HBV-infection path-

ways (e.g., Pathogen HBV HBX To ERK Signaling Pathway, 

Pathogen HBV LHBS To PKC ERK Signaling Pathway) in 

Hepatocytes in after group compared to the before group. The 

pathway “Pathogen SARS COV 2S To Classical Pathway of 

Complement Cascade” was reduced in after group when com-

pared to the before group, suggesting same conclusion as well. 
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In Neutrophils, we observed reduced pathway “Pathogen 

HTLV 1 P12 To Antigen Processing and Presentation By 

MHC Class I Molecules” in after group when compared to the 

before group. C9ORF72 mediated autophagy has been 

demonstrated to play important roles in inflammation sup-

pression [35, 36], further demonstrating that the HBV-caused 

inflammation has been attenuated after treatment. 

3.4 The Variations in Myeloid and Fibroblast 

 

Figure 3 The Myeloid and Fibroblasts in Before and After groups. (A) UMAP visualization illustrating the subpopulations of Myeloid, and (B) 

heatmap illustrating the top 100 markers in different in different feature sets (S1 ~ S4) revealed by NMF. (C) The KEGG pathways 

enriched with the NMF feature sets. (D) The percentages of subpopulations in Myeloid. The DEGs of Fibroblasts between Before 

group and After group (E), and the NES values of KEGG pathways calculated with the DEGs (F) 

The NMF was employed to extract the signatures and 

cluster the subpopulations of Myeloid, which indicated that 

k=5 (Figure 3A). The Myeloid was clustered into M2 Mac-

rophage, CSTA+DCs, IDO1+DCs, and Kupffer cells (Figure 

3B). The four feature sets (S1 ~ S4) uncovered by NMF were 

then enriched against Hallmarker pathways. As shown in 

Figure 3C, the S1 highly expressed in M2 Macrophage were 

enriched into Complement and Coagulation, the S2 highly 
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expressed in IDO1+DCs were enriched into TNFA Signaling 

via NFKB, and Inflammatory Response, the S3 highly ex-

pressed in CSTA+DCs were enriched into MTORC1 Signal-

ing, and IFN-γ Response, the S4 highly expressed in Kupffer 

were enriched into TNFA Signaling via NFKB, and Inflam-

matory related pathways (Figure 3C). These observations in-

dicated that CSTA+DCs, IDO1+DCs, and Kupffer cells were 

pro-inflammatory, while M2 Macrophage was found to be 

potential complement producer. After treatment, the per-

centages of CSTA+DCs and Kupffer cells were reduced, 

showing accordance with the attenuated HBV-caused in-

flammation (Figure 3D). The DEGs of Fibroblasts between 

After group and Before group were shown in Figure 3E. The 

DEGs revealed upregulated pathways related to normal liver 

functions (NES > 1, q value < 0.05), while the pathways re-

lated to the immune response and inflammation were down-

regulated (NES < -1, q value < 0.05). 

3.5 T Cells’ Atlas Highlighted Effective Memory CD8+T Cells (CD8+Tem) 

 

Figure 4 The T/NK/NKT cells in Before and After groups. (A) UMAP visualization illustrating the subpopulations of T/NK/NKT cells, and 

(B) heatmap illustrating the top 10 markers in different in different feature sets revealed by NMF. (C) The percentages of subpopula-

tions in T/NK/NKT cells in the two groups. (D) The GSVA scores estimating the activities of the subpopulations in the T/NK/NKT 

cells. (E) Dot plot illustrating the expression levels of Trm related genes in the subpopulations in the T/NK/NKT cells. (F) Monolce2 

pseudo-trajectory of C0, C3, C4 and C7 in CD8+T cells. (G) Heatmap illustrating the genes expression along with pseudo-time 
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By employing NMF, the T/NK/NKT populations were 

clustered into nine clusters assigned into CD8+Tem, 

CD8+CTL, IRF8+NK, NK, NKT and γδT cells (Figure 4A 

and B). The percentages of clusters C0 and C3 in CD8+Tem, 

and the C1 in IRF8+NK were increased in after group com-

pared to the before group, while the percentages of C2 in 

NKT and C6 in NK, C5 in γδT were impaired (Figure 4C). 

To thoroughly estimate the activities of these subpopula-

tions, single cell GSVA against 19 signature sets were car-

ried out (Figure A1). The increased C0 and C3 did not per-

form highest cytotoxicity but perform lower exhaustion. In 

addition, no significant difference in the 19 signature sets 

was observed between after group and before group in ei-

ther C0 nor C3 (Figure 4D). The clusters C0, C1 and C3 

were found to express high levels of tissue resident markers 

CD69, BHLHE40 and CXCR6 (Figure 4E). Therefore, the 

augmented differentiation to C0 and C1 were supposed to 

play crucial roles in control HBV. We then performed 

pseudo-trajectory analysis on the C0, C3, C4 and C7 (Fig-

ure 4F). It was found increasing expression of genes related 

to effector and memory of T cells along the pseudo-trajec-

tory (Figure 4G). 

Table 1 Cell subtypes and cell numbers of each sample by tissue dis-
association 

CellType liverCa_B liverCa_A 

B_cell 46 (1.77%) 106 (1.98%) 

Endothelial_cells 204 (7.84%) 396 (7.38%) 

Hepatocytes 442 (16.98%) 997 (18.58%) 

Macrophage 152 (5.84%) 650 (12.11%) 

Monocyte 93 (3.57%) 129 (2.4%) 

Neutrophils 156 (5.99%) 114 (2.12%) 

NK_cell 660 (25.36%) 1390 (25.9%) 

Smooth_muscle_cells 41 (1.58%) 58 (1.08%) 

T_cells 809 (31.08%) 1527 (28.45%) 

Total 2603 (100%) 5367 (100%) 

 

 

Figure 5 The cellular communications predicted using CellChat. Heatmap showing the differential interaction strength from non-T/NK/NKT 

immune cells to T/NK/NKT cells (A) and from T/NK/NKT cells to non-T/NK/NKT immune cells (B). (C) Chord diagram presenting 

the upregulated cellular communications 
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We then focused on the cellular communications be-

tween non-T/NK/NKT immune cells and C0, C2, C1, C3, 

C5, C6. No significant communication was found referring 

to C2, while we found high levels of cellular communica-

tions referring to C0 and C3, especially the upregulated 

communications between Macrophage/CSTA+DCs/ 

IDO1+DCs and C0/C3 (Figure 5A and B). In details, the 

communications between Macrophage/CSTA+DCs/ 

IDO1+DCs and C0/C3 were mainly enriched in pathways 

of activating T cells, such as those receptors were CD8A, 

CD8B, CD28, CD4 (Figure 5C, A2). 

4 Discussion 

Few drugs and treatment strategies are available for pro-

gressed or later stages of liver cancer with multifocal tu-

mors. Local and novel treatments, i.e. immunotherapies, 

are necessary to treat cancer at later stages. [14, 16] Tumor-

local treatment kills tumor-induced immune reactions, and 

this therapy has also achieved some success and shows a 

certain future for cancer treatment. [16] Hapten combined 

with chemotherapeutic drugs has been successfully in-

jected into the tumor to treat liver cancer, hapten is an im-

mune modulator and modifies the TAAs’s epitope, mean-

while hepatitis B surface antigen (HBsAg) is also modified, 

which became a neu TAAs, neo HBsAg, and rejuvenate a 

revival effects of immune system against cancer and HBV, 

i.e., prolonging the survival time of patients, and maintain-

ing the quality of life. [17] here, neo HBsAg like HBV Vac-

cines, however, the key determinants required to overcome 

HBV-specific immune tolerance, combination adjuvants 

and unravel factors that are essential for the antiviral effi-

cacy of TherVacB, CD4 T-cell activation during the prim-

ing phase of TherVacB as a key determinant of HBV-spe-

cific antibody and CD8 T-cell responses. [43-45]  

Clinical benefits of this study were obvious from the pa-

tient's daily quality of life and the patient's feeling s about 

everything better than before treatment over 12 months. It 

was found that after HEIC treatment, biopsies were taken 

again from multiple small masses in the scope of the big 

tumor area, and the tumor cells with the lowest activity 

were less than 3%, also loss quality of activity to do any 

single-cell sequencing. It showed CTC numbers decreased 

from 5/3ml at the time before treatment to 0/3ml one week 

later (after treatment). It indicated this therapy benefits the 

patient's quality of life without any side effects that hap-

pened until the last visit of clinical 11 months from the first 

treatment. It showed affected cell types were Fibroblast 

(AUC = 0.637), γδT/NK cells (AUC = 0.617) and Neutro-

phils (AUC = 0.614), while NKT cells, Plasma cells, En-

dothelial cells, and B cells and M2 Macrophage showed 

values of AUC less than 0.6 which indicated minor affec-

tion or possible minor contribution to the therapeutic effect. 

The percentages of clusters C0 and C3 in CD8+Tem, and 

the C1 in IRF8+NK were increased in after group com-

pared to the before group, while the percentages of C2 in 

NKT and C6 in NK, C5 in γδT were impaired. 

The abnormal HBV DNA level was observed for less 40 

iu/ml at 180 days after first treatment, it indicated that 

HEIC has additional function for control HBV by induce 

HBV immune response. We observed significantly reduced 

scores of HBV-infection pathways, C9ORF72 mediated 

autophagy has been demonstrated to play important roles 

in inflammation suppression [35, 36], further demonstrat-

ing that the HBV-caused inflammation has been attenuated 

after treatment. After treatment, the percentages of 

CSTA+DCs and Kupffer cells were reduced, showing ac-

cordance with the attenuated HBV-caused inflammation 

(Figure 3D). The percentages of M2 Macrophage were in-

creased, suggesting probably increasing complement levels 

to play important roles in control HBV-infection. [37] 

Moreover, HBV has been found to inhibit the expression of 

complement in vitro and in vivo, [38] the increased M2 

Macrophage with high capability of producing comple-

ment might be benefit function recovery of liver. 

It is acknowledgedly recognized that exhausted CTL 

greatly contributed to chronic HBV infection in liver, be-

cause of their dull immune response to HBV. [39]. The re-

covered CD8+Tem (C0 and C3) with lower exhaustion 

might promise the HBV seroconversion (Table 1 and Fig-

ure 1). The increased C1 and impaired C6 did not show sig-

nificant difference across the 19 signature sets. However, 

the increased C1 of IRF8+NK were supposed to play im-

portant roles in HBV seroconversion, since IRF8 has been 

reported to orchestrates the adaptive NK cell response to 

severe viral infection in humans. [40] HBV-specific tissue 

resident memory T cells (Trm) play key roles in suppress-

ing HBV (Figure 4E). [41]Therefore, the augmented differ-

entiation to C0 and C1 were supposed to play crucial roles 

in control HBV. We then performed pseudo-trajectory anal-

ysis on the C0, C3, C4 and C7 (Figure 4F). We found in-

creasing expression of genes related to effector and 

memory of T cells along the pseudo-trajectory (Figure 4G). 
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[42] The communications between Macro-

phage/CSTA+DCs/ IDO1+DCs and C0/C3 were mainly 

enriched in pathways of activating T cells, such as those 

receptors of CD8A, CD8B, CD28, CD4. 

In short, the abscopal effect is a complex immunity re-

action and it can be induced by hapten with chemotherapy 

drugs intratumoral injection, that is not only involves B cell 

activity but also involves T cell activity with multiple genes 

participating at the molecular level, and it can be used to 

treat multilocal tumor in live of HCC; which plays an im-

portant role to improve neu TAAs and neo HBsAg and in-

duce a revival of immune effect to control cancer cell and 

HBV virus, haptem modified neo HBsAg may overcome 

the HBV-specific immune tolerance and short efficacy of 

monotherapy with HBsAg-based immune therapy and less 

control of HBV replication and/or liver damages, which ap-

proved by activating immune cell like CD8 and CD4. This 

discovery has matched our clinical finding of HBV DNA 

titter drop to zero and many cases of HCC with hepatitis B 

virus (HBV) & cirrhosis had been improvement for their 

cirrhosis condition in past time. Finally, further detailed 

studies with more multifocal tumor of HCC patients thor-

ough HEIC treatment are required to develop a comprehen-

sive understanding of the full mechanism of therapeutic po-

tential for HCC with and without chronic HBV and 

Chronic hepatitis B cirrhosis and sclerosing nodules. 

Appendix 

 

Figure A1 The GSVA scores estimating the activities of the all subpopulations in the T/NK/NKT ells 
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Figure A2 Chord diagram presenting the downregulated cellular communications 
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