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Introduction
The incidence of liver cancer has been rising all over the 
world [1]. At present, it has been the second leading cause 
of cancer-related death after lung cancer [2]. In recent 
years, immunotherapy has become a hot spot in tumor 
treatment. Immune checkpoint inhibitors (ICIs) such as 
programmed cell death receptor 1 (PD-1), programmed 
cell death-ligand 1 (PD-L1), and Cytotoxic T lymphocyte 
associate protein-4 (CTLA-4) monoclonal antibodies 
have been shown an effective way to reduce tumor size, 
slow tumor progression, and prolonging overall survival 
of patients [3, 4]. However, the efficiency of immunother-
apy is only 20% [5], and the incidence of immune-related 
adverse events (irAEs) ranges from 54–76% [6]. Some 
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Abstract
Purpose There is mounting evidence that patients with liver cancer can benefit from Immune checkpoint inhibitors. 
However, due to the high cost and low efficacy, we aimed to explore new biomarkers for predicting the efficacy of 
immunotherapy.

Methods Specimens and medical records of liver cancer patients treated at Drum Tower Hospital of Nanjing 
University were collected, and the expression of Kita-Kyushu lung cancer antigen-1 (KK-LC-1) in tissues as well as the 
corresponding antibodies in serum were examined to find biomarkers related to the prognosis of immunotherapy 
and to explore its mechanism in the development of liver cancer.

Results KK-LC-1 expression was found to be 34.4% in histopathological specimens from 131 patients and was 
significantly correlated with Foxp3 expression (P = 0.0356). The expression of Foxp3 in the tissues of 24 patients 
who received immunotherapy was significantly correlated with overall survival (OS) (P = 0.0247), and there was also 
a tendency for prolonged OS in patients with high expression of KK-LC-1. In addition, the expression of KK-LC-1 
antibody in the serum of patients who received immunotherapy with a first efficacy evaluation of stable disease (SD) 
was significantly higher than those with partial response (PR) (P = 0.0413).

Conclusions Expression of KK-LC-1 in both tissues and serum has been shown to correlate with the prognosis of 
patients treated with immunotherapy, and KK-LC-1 is a potential therapeutic target for oncological immunotherapy.
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patients may also experience hyper-progressive disease 
during the process [7, 8]. Therefore, exploring biomarkers 
for accurately predicting the efficacy of immunotherapy 
is of great significance in individualized treatment of liver 
cancer.

PD-L1 [9], microsatellite instability-high (MSI-H) [10] 
and tumor mutation burden (TMB) [11] are commonly 
used biomarkers in clinical practice. In liver cancer, the 
expression of PD-L1 is low, less than 20% [12], and it has 
been verified that the baseline expression of PD-L1 is 
independent of prognosis [13]. The expression of patients 
with MSI-H is ranged from 0.2 to 3%, and the propor-
tion of patients with TMB higher than 10 mutation/Mb is 
ranged from 0.8–5% [14]. To date, there is still no predic-
tive biomarker for the immunotherapy of liver cancer.

Cancer-testis Antigen (CTA) is a class of tumor-asso-
ciated antigen (TAA), which is expressed in normal tes-
tis tissue and various tumor tissues [15]. Previous study 
reported that CTA is a potential target of tumor immu-
notherapy and is related to high TMB [5]. Some CTAs 
have oncogenic functions, including promoting tumor 
growth, evading apoptosis, and inducing invasion and 
metastasis [16], and thus is considered to be a specific 
marker of prognosis [17]. Kita-Kyushu lung cancer anti-
gen-1 (KK-LC-1) is a kind of CTA, which was firstly 
identified in lung cancer tissue by the team of Takashi 
Fukuyama [18]. It is also abnormally expressed in gas-
tric cancer [19], breast cancer [20], and liver cancer [21]. 
In animal models, it has been verified that KK-LC-1 can 
promote tumor development in vivo [21].

In this study, we analyzed the relationship between the 
expression of KK-LC-1 and the prognosis of liver can-
cer patients by detecting the expression of KK-LC-1 and 
its corresponding antibodies in serum, aiming to find 
biomarkers that can predict the prognosis of immuno-
therapy in liver cancer patients, and further explore its 
mechanism.

Materials and methods
Patients
A total of 131 paraffin-embedded tissue specimens that 
underwent surgical resection or pathological biopsy for 
liver cancer in Nanjing Drum Tower Hospital from April 
2018 to December 2020, were archived in the pathology 
department and clearly diagnosed as primary hepatocel-
lular carcinoma or intrahepatic cholangiocarcinoma were 
collected retrospectively. Among them, 23 patients had 
received single-agent immunotherapy, while 1 patient 
with ICC had undergone targeted combination immuno-
therapy. All patients provided full consent for this study. 
The Ethics Committee of Nanjing Drum Tower Hospital 
approved the collection of samples and medical records.

Immunohistochemistry
Paraffin-embedded tissues were cut into 3 microns, 
attached to slides, and then dewaxed and hydrated. 
Antigen repair was performed by boiling the slides with 
antigen repair solution. Mouse clonal antibody KK-LC-1 
(Thermo Fisher, USA, 1:400) or rabbit-derived mono-
clonal antibody Foxp3 (Jinqiao Biotechnology Co., 
Ltd., China, 1:100) were added as the primary antibody, 
respectively, and the coloration was developed with 
DAB solution.The staining site of KK-LC-1 was located 
in the cell membrane of the tumor cells, and the positive 
staining of Foxp3 molecules was localized in the nesting 
region TILs.

The immunohistochemical results were observed by 
two experienced pathologists by double-blind method. 
Four high magnification fields were randomly selected, 
and KK-LC-1 immunohistochemical staining scores were 
calculated based on the percentage of positive cells and 
the intensity of positive cell staining: (1) 0 points for posi-
tive cells < 5%, 1 point for 5-24%, 2 points for 25-49%, 3 
points for 50-75%, and 4 points for > 75%; (2) 0 points for 
no staining, 1 point for light yellow, 2 point for brownish 
yellow, and 3 point for brownish brown. Then the value 
corresponding to the intensity of staining × percentage of 
positive cells was used as the score. We define 0–4 point 
as low expression of KK-LC-1 and 5–12 point as high 
expression. Foxp3 expression was scored as the number 
of positive cells found in the visual field after high magni-
fication (HPF400).

Cell lines and cell culture
The hepatocellular carcinoma cell lines sk-hep-1 were 
provided by the Laboratory of Cancer Center, Drum 
Tower Hospital, School of Medicine, Nanjing University. 
Cells were cultured in 1640 medium containing 10% fetal 
bovine serum (FBS), and incubated in a cell incubator 
at 37  °C with 5% CO2 and saturated humidity, passaged 
every 2–3 days.

Construction of cell lines with different expression of 
KK-LC-1
The sk-hep-1-KK-LC-1 and sk-hep-1-con cell lines were 
constructed by co-incubating sk-hep-1 with lentivirus 
expressing and not expressing KK-LC-1. The infection 
efficiency was verified by cellular immunochemical tech-
niques and flow analysis (Supplementary Fig. 1).

T-cell-mediated tumor cell killing assay
PBMCs (Peripheral blood mononuclear cells) from 
volunteers were extracted. After pulsing with the pre-
dicted and synthesized KK-LC-1 antigenic peptide, the 
expression of γ-IFN in the supernatant was detected 
by cytometric bead array (CBA). Followed by group-
ing the stimulated reactive T cells with CFSE-labeled 
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sk-hep-1-KK-LC-1 and sk-hep-1-con tumor cells accord-
ing to the predetermined efficacy target ratio. After 16 h, 
the tumor cells were collected and analyzed by flow 
cytometry after staining with PI.

Differentially expressed genes and enrichment analysis
RNAs in the samples was extracted. RNAs differential 
expression analysis was performed by DESeq2 software 
between two different groups. The genes with the param-
eter of false discovery rate (FDR) below 0.05 and absolute 
fold change ≥ 2 were considered differentially expressed 
genes. Gene ontology (GO) functional enrichment and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) 
pathway were performed using the “clusterProfiler” R 
package. P value < 0.05 was considered the criterion for 
statistical significance.

Statistical methods
Analysis was performed using Prism 7 software and the 
results were plotted. The relationship between KK-LC-1 
expression and Foxp3 expression was analyzed by the 
χ2 test, and antibody expression in serum was logarith-
mically analyzed by t-test. Kaplan-Meier survival curves 
were plotted according to the expression of KK-LC-1, 
and log-rank test was performed between groups, P < 0. 
05 was considered a statistical difference.

Result
Expression of KK-LC-1 and its potential prognostic role in 
liver cancer
We detected the expression of KK-LC-1 in the tumor tis-
sues of liver cancer patients by immunohistochemistry 
(IHC) and found that 34.4% (45/131) of them showed a 
high expression of KK-LC-1 (Fig.  1a, b). This showed 
great research value for predicting clinical efficacy in 
liver cancer.

Then, we collected 340 hepatocellular carcinoma 
(HCC) patients from the TCGA database and divided 
them into high expression group and low expression 
group according to the median expression of KK-LC-
1. Statistical analysis showed that patients with high 
KK-LC-1 expression had a shorter overall survival (OS) 
(P = 0.0040) than those with low KK-LC-1 expression 
(Fig. 1c).

In our cohort, we collected the information of OS 
and progression free survival (PFS) from 115 patients, 
and also divided them into high expression group and 
low expression group according to the expression of 
KK-LC-1. Statistical analysis showed that the expression 
of KK-LC-1 in tissues was not associated with OS and 
PFS of patients (P = 0.3145 and P = 0.9628, respectively) 
(Fig. 1d and Supplementary Fig. 2).

Fig. 1 a: High expression of KK-LC-1. b: Low expression of KK-LC-1. c: Searching the TCGA database and plotting survival curves based on KK-LC-1 expres-
sion, patients with high KK-LC-1 expression had lower OS than those with low KK-LC-1 expression (P = 0.0040). d: Relationship between KK-LC-1 expression 
level and OS in patients
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Expression of KK-LC-1 is associated with OS in patients 
received immunotherapy
We also examined Foxp3 expression in tissues (Fig. 2a, b). 
When the expression of Foxp3 is less than 1/400 HPF, it 
is considered as high expression. Our results showed that 
there were 62 patients (47.3%) with low Foxp3 expres-
sion and 69 (52.7%) patients with high Foxp3 expres-
sion. There were 24 patients who both had complete case 
information and received immunotherapy. Our results 
showed that the expression of Foxp3 in their tissues was 
significantly associated with OS (P = 0.0247) (Fig.  2c). 
Although patients with low Foxp3 expression had a 
tendncy for longer PFS, there was no statistical differ-
ence (P = 0.1570) (Supplementary Fig. 3a). Further analy-
sis revealed that the percentage of Foxp3 high expression 
was significantly lower in tissue specimens with high 
KK-LC-1 expression than that in tissue specimens 
with low KK-LC-1 expression (P = 0.0356) (Fig.  2d). We 
observed a tendency for prolonged OS in patients with 
high KK-LC-1 expression (P = 0.3631) (Fig. 2e), and there 
was no correlation between PFS and KK-LC-1 expression 
(Supplementary Fig. 3b).

Seventeen of all 24 patients showed low expression 
of Foxp3 and high expression of KK-LC-1, and their OS 

tend to be prolonged compared to others (Supplemen-
tary Fig. 3c-f ).

The expression of KK-LC-1 antibody changed after patients 
received immunotherapy
The expression of serum KK-LC-1 was tested in 20 
patients receiving immunotherapy. Of the 20 patients, 
11 were evaluated as PR (partial response) and 9 were 
evaluated as SD (stable disease). Statistical analy-
sis showed that there was no significant association 
between immunotherapy efficacy and the expression of 
KK-LC-1 (Fig.  3a). However, at the first efficacy evalua-
tion, with patients in the SD group showing significantly 
higher expression than those in the PR group (P = 0.0413) 
(Fig.  3b). In the PR group, the expression of KK-LC-1 
tended to decrease after receiving immunotherapy. Based 
on the imaging data of HCC patients, we found that the 
tumor regression rate at the first review did not correlate 
with patient survival (Fig.  3d). However, we plotted the 
tumor regression rate of each patient at each review as 
a waterfall plot and found that the absolute value of the 
tumor regression rate gradually decreased as the treat-
ment continued (Fig. 3e).

Fig. 2 a: High expression of Foxp3. b: Low expression of Foxp3. c: Relationship between Foxp3 expression levels and the OS in patients. d: KK-LC-1 
showed a significant negative correlation with Foxp3 expression. e: Relationship between KK-LC-1 expression levels and the OS in patients
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KK-LC-1 antigenic peptide is immunogenic and reactive 
T cells can specifically kill tumor cells with high KK-LC-1 
expression
We stimulated and induced the secretion of γ-interferon 
(γ-IFN) of healthy human T cells with KK-LC-1 long pep-
tide, and found that the γ-IFN secreted from T cells in 

serum was significantly increased after antigenic peptide 
stimulation (Fig. 4a).

We obtained reactive T cells by stimulating T cells with 
KK-LC-1 long peptide in vitro, and incubated them with 
different KK-LC-1 expressed tumor cells to observe the 
difference of killing effect. It was found that with the 
increase if potent target ratio, the killing efficiency of T 

Fig. 4 a: Antigenic peptides stimulate PBMCs. b: Validation of the cytotoxicity of reactive T cells against tumor cells with differential expression of KK-LC-1 
in vitro

 

Fig. 3 a: The relationship between the expression of KK-LC-1 antibody with the efficacy of immunotherapy before this treatment. b: The relationship 
between the expression of KK-LC-1 antibody with the efficacy of immunotherapy after this treatment. c: (1) Changes in KK-LC-1 antibody expression 
before and after immunotherapy in patients with PR. (2) Changes in KK-LC-1 antibody expression before and after immunotherapy in patients with SD. d: 
Relationship between tumor regression rate and patient survival. e. The rate of tumor regression in patients tends to decrease in absolute value over time
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cells from both types of cells gradually increased, and 
the killing ability of sk-hep-1-KK-LC-1 was significantly 
higher than that of sk-hep-1-con (Fig. 4b).

Differential genes and related signaling pathways of HCC 
with different expression of KK-LC-1
By gene expression analysis, 118 genes with significantly 
differential expression between sk-hep-1-KK-LC-1 cells 
and sk-hep-1-con cells were screened. Compared with 
sk-hep-1-con HCC cells, 99 genes were dramatically 
decreased and 19 genes were increased in sk-hep-1-KK-
LC-1 cells (Fig. 5a). Including TGFA and PDGFB genes, 
both of which were significantly reduced in cells with 
high expression of KK-LC-1.

Gene Ontology (GO) enrichment analysis was per-
formed based on 118 genes associated with KK-LC-1 
expression (Fig.  5b). The results showed that the differ-
ential genes mainly enriched in the biological processes 
such as positive regulation of peptide-tyrosine phos-
phorylation, cellular responses to chemical stimuli, and 
regulation of phosphate metabolic processes, and in 
molecular functions such as binding, regulation of cel-
lular processes, and protein binding. Significant enrich-
ment differences were also found in MARP-related GO 
pathways such as MAPK activation, MAPK cascade 
regulation, MAPK cascade positive regulation, MARK 

cascade innate immune negative regulation, and hepatic 
immune regulation (Fig. 5c).

The Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analysis was also performed to 
identify the most significant signaling pathways involved 
in the differential genes. A total of 20 KEGG pathways 
with the largest differences were screened and the corre-
sponding scatter plots were created (Fig. 5d). The results 
showed that the differences between the two groups were 
mainly in tumor pathway, EGFR tyrosine kinase inhibitor 
resistance and other related pathways.

Discussion
In this study, we investigated expression rate of KK-LC-1 
in liver cancer and determined its clinical application 
value in liver cancer tissues. Meanwhile, we also identi-
fied the correlation between the expression of KK-LC-1 
and Foxp3. However, we did not detect the correlation 
between tissue KK-LC-1 expression and patient progno-
sis, which is inconsistent with previous findings [21]. The 
possible reasons may be the small number of cases and 
the inconsistent treatment of patients in this study.

Therefore, we individually analyzed 24 patients who 
received immunotherapy, and the results showed that 
the both expression of tissue KK-LC-1 and Foxp3 were 
correlated with OS. Patients with high KK-LC-1 expres-
sion were more likely to benefit from immunotherapy. In 

Fig. 5 a: Differential genes of sh-hep-1-KK-LC-1 and sk-hep-1-con cells. b: GO pathway enriched by differential genes of sh-hep-1-KK-LC-1 and sk-hep-
1-con cells. c: Differential genes enriched in MAPK signaling pathway. d: KEGG pathway enriched by differential genes of sh-hep-1-KK-LC-1 and sk-hep-
1-con cells
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addition, we also found that the expression of KK-LC-1 in 
serum was also associated with the prognosis of patients 
received immunotherapy. These results suggest that 
KK-LC-1 could be one of the biomarkers for predicting 
the prognosis of immunotherapy in patients with liver 
cancer. By analyzing the expression levels of KK-LC-1 
in patients’ tumors, we can more accurately assess the 
sensitivity to immunotherapy and prognosis. Therefore, 
KK-LC-1 as a biomarker holds the promise to serve as a 
critical basis for guiding the selection of immunotherapy 
strategies, thereby achieving the goal of personalized 
treatment.

In order to explore the mechanism of KK-LC-1 expres-
sion in immunotherapy of liver cancer, we analyzed the 
differential genes and differential signaling pathways 
enrichment between high-expressed and low-expressed 
cell lines. We found that the differentially expressed genes 
between the two cell lines include TGFA and PDGFB, 
which jointly involved in the MAPK signaling and EGFR 
tyrosine kinase inhibitor resistance pathway. Studies 
showed that MAPK signaling pathway is associated with 
immune escape of tumors [22]. Inhibition of MAPK path-
way can enhance the specific recognition of cytotoxic T 
lymphocytes (CTL) [23], enhance the ability of immune T 
cells to attack tumors, induces apoptosis markers, upreg-
ulate HLA molecules, reduce tumor immunosuppressive 
factors, and then initiate immunotherapy [24]. There-
fore, cells with high expression of KK-LC-1 may inhibit 
the MAPK signaling pathway by downregulating TGFA 
and PDGFB, thus showing enhanced anti-tumor immune 
response. The correlation between KK-LC-1 and PD-L1 is 
also worth noting. PD-L1 is an immune checkpoint mol-
ecule, whose overexpression inhibits immune responses, 
leading to immune evasion by tumors. The association 
between the expression of KK-LC-1 and PD-L1 may indi-
cate the response of tumors to immune therapy. Under-
standing the relationship between KK-LC-1 and PD-L1 
can better predict patients’ response to immune therapy 
and provide guidance for personalized treatment. EGFR 
is a receptor tyrosine kinase inhibitor, and its overactiva-
tion is associated with tumor progression and immune 
evasion. Currently, EGFR expression is significantly asso-
ciated with PD-L1 and has now been demonstrated to 
be an independent factor in regulating PD-L1 protein in 
lung cancer [25]. Also, EGFR signaling pathway can be 
a mediator of immune escape and promote the progres-
sion of neoplasms, also an influencing factor regarding 
the prognosis of immunotherapy [26]. As a cancer-tes-
tis antigen, KK-LC-1 is not expressed in normal tissues 
other than the testes, so we also speculated that KK-LC-1 
may be a tumor-associated antigen. After immunother-
apy, tumor cells with high expression of KK-LC-1 would 
then be more easily recognized and killed by the human 
immune system. Subsequently, the number of tumor cells 

(especially the cells with high expression of KK-LC-1) 
decreased, and the corresponding antibody in the serum 
also decrease. With the extension of treatment time, the 
tumor regression rate will gradually decrease. KK-LC-1 
is intricately linked to various immune-related signals in 
the development of tumors. In addition, previous studies 
have suggested that KK-LC-1 may interact with prese-
nilin-1, thereby promoting the Notch1/Hes1 pathway in 
HCC, accelerating its progression [21]. Further explora-
tion of the relationship between KK-LC-1 and these sig-
nals can aid in understanding the tumor’s response to 
immune therapy, thereby providing a theoretical basis for 
personalized treatment.

Tumor patients exhibit significant individual differ-
ences in immune status, and the serum levels of tumor 
markers can be influenced by various factors. These fac-
tors may include the patient’s age, immune status, nutri-
tional status, inflammation, or infection, among others, 
and may not entirely reflect the specific immune response 
to the tumor [27]. Therefore, solely relying on serum anti-
body levels may not comprehensively assess patients’ 
response to immunotherapy. In subsequent studies, 
we will conduct larger-scale and longer-term clinical 
research, collect more patient data for in-depth analy-
sis, and combine other immune monitoring indicators 
to enhance the accurate evaluation of patients’ immune 
status. This will provide more precise guidance for per-
sonalized treatment. However, in vitro validation experi-
ments also have certain limitations. For example, in vitro 
experiments cannot fully simulate the complexity of the 
in vivo tumor microenvironment, including factors such 
as cell interactions, extracellular matrix, and immune cell 
infiltration. Therefore, in vitro results may not completely 
reflect the in vivo situation. In vitro experiments are typi-
cally static, while tumor growth, immune infiltration, and 
treatment effects may change over time, making it diffi-
cult to simulate the dynamic changes in the in vivo tumor 
microenvironment. We will continue to construct animal 
tumor models in subsequent studies to further verify the 
relationship between KK-LC-1 and tumor occurrence, 
development, and the prognosis of immunotherapy 
through in vivo experiments.

Although this study includes many liver cancer 
patients, the number of patients receiving immuno-
therapy is small. In some cases, different combination 
therapies such as chemotherapy or targeted therapy were 
applied clinically, which may have an impact on the prog-
nosis analysis. Subsequently, we will expand the sample 
size for further stratified analysis, and extend the follow-
up period to confirm that the expression of KK-LC-1 can 
be used as an effective biomarker for predicting efficacy 
and prognosis of the liver cancer patients with immuno-
therapy. Through comprehensive evaluation of patients’ 
clinical characteristics, treatment responses, and 
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prognosis, we further elucidate the mechanism of action 
of KK-LC-1 in immunotherapy for liver cancer [28]. 
Simultaneously, through in vitro and in vivo experiments, 
we will continue to investigate the role of KK-LC-1 in 
tumor immune evasion, T cell activation, and modulation 
of the tumor microenvironment, providing a theoretical 
basis for the development of new treatment strategies.

KK-LC-1 can not only be used as a biomarker for pre-
dicting tumor prognosis, but also as a cancer testis anti-
gen. Due to the presence of a natural barrier, it can be an 
ideal target for anti-tumor vaccine therapy [29]. In addi-
tion to CAR-T [30]/TCR-T [31], vaccine-based immu-
notherapies for CTAs are currently being developed, 
including peptide vaccines [32] and mRNA vaccines 
[33]. Tumor vaccines work by stimulating the patient’s 
own immune system to generate an immune response, 
thereby enhancing immune reactions and suppressing 
tumor growth [34]. ICIs have also been demonstrated 
to have significant anti-tumor effects in multiple types 
of cancer [35]. Through in vitro experiments, we have 
found that T cells stimulated by KK-LC-1 long peptides 
exhibit greater cytotoxicity against tumor cells, confirm-
ing the immunogenicity of KK-LC-1 long peptides pre-
dicted and synthesized by the research team earlier. We 
will further investigate the in vivo anti-tumor effects of 
tumor vaccines targeting KK-LC-1, while also validat-
ing their anti-tumor efficacy and synergistic effects with 
PD-1 and other ICIs. This will further confirm that the 
tumor vaccine targeting KK-LC-1, when combined with 
immune checkpoint inhibitors, can more effectively 
activate the anti-tumor immune system, enhance T cell-
mediated tumor killing effects, and improve treatment 
outcomes. This study confirmed the immunogenicity of 
KK-LC-1 long peptide predicted and synthesized by the 
team at an early stage. We will further validate its anti-
tumor efficacy and its synergistic effects with ICIs such 
as PD-1. In addition, mRNA vaccine is currently a safer 
and more effective immunotherapy than traditional vac-
cines, and we will follow up with a more in-depth study 
on it against KK-LC-1.

Conclusion
This study firstly reports the relationship between 
KK-LC-1 antigen and its corresponding antibodies in 
liver cancer and immunotherapy. We conclude that 
patients with high expressed KK-LC-1 can significantly 
benefit from immunotherapy. Furthermore, changes in 
serum KK-LC-1 antibody can dynamically respond to 
and predict the efficacy of patients receiving immuno-
therapy. This assay has the advantages of less damaging 
and high compliance of patients, and has a good pros-
pect for clinical application. Moreover, KK-LC-1 can be a 
potential target for anti-tumor immunotherapy.
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Supplementary Fig. 1. KK-LC-1 expression in sk-hep-1-KK-LC-1 and sh-hep-
1-con cells. a: Left: sk-hep-1-KK-LC-1 cell IHC staining (×20). Right: sk-hep-
1-con cell IHC staining (×20). b: Flow cytometric analysis of KK-LC-1 expres-
sion in untransfected sk-hep-1, sh-hep-1-con and sk-hep-1-KK-LC-1 cells.

Supplementary Fig. 2. Relationship between KK-LC-1 expression level and 
PFS in patients.

Supplementary Fig. 3. a: Relationship between Foxp3 expression levels and 
the PFS in patients. b: Relationship between KK-LC-1 expression levels and 
the PFS in patients. c: Relationship between KK-LC-1 expression level and 
the PFS in patients with HCC. d: Relationship between KK-LC-1 expression 
level and the OS in patients the PFS in patients with HCC. e: Relationship 
between Foxp3 expression level and the PFS in patients with HCC. f: Rela-
tionship between Foxp3 expression level and the OS in patients with HCC.

Acknowledgements
We thank the patients and their families, as well as the members who 
participated in the study, for making this research possible.

Author contributions
JS and BRL designed the clinical trial. SHZ, JS, and BRL drafted the manuscript 
and provided figures. SHZ, YCJ, MZZ, LL, XRS, XYS and JS acquired, analyzed, 
and interpreted the data. JS, and BL revised the manuscript critically for 
important intellectual content and agreed to be accountable for all aspects 
of the work in ensuring that questions related to the accuracy or integrity of 
any part of the work are appropriately investigated and resolved. All authors 
contributed to the article and approved the submitted version.

Funding
The study was supported by National Natural Science Foundation of Nanjing 
University of Chinese Medicine (No. XZR2023075); The National Health 
Commission Health Development Research Center (No. WKZX2023CX020001); 
and Medical Research project of Jiangsu Provincial Health Commission (No. 
H2023068).

Data availability
The raw data supporting the conclusions of this article will be made available 
by the authors, without undue reservation.

https://doi.org/10.1186/s12885-024-12586-y
https://doi.org/10.1186/s12885-024-12586-y


Page 9 of 10Zhu et al. BMC Cancer          (2024) 24:811 

Declarations

Ethics approval and consent to participate
All procedures performed in this study involving human participants were 
in accordance with the guidelines of the Ethics Committee of Nanjing Drum 
Tower Hospital.
The patients/participants provided written informed consent to participate in 
this study.
Written informed consent was obtained from the individual(s) for the 
publication of any potentially identifiable images or data included in this 
article.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 20 December 2023 / Accepted: 1 July 2024

References
1. Llovet JM, Kelley RK, Villanueva A, et al. Hepatocellular carcinoma. Nat Rev Dis 

Primers. 2021;7(1):6. https://doi.org/10.1038/s41572-020-00240-3. (In eng).
2. Ferlay J, Colombet M, Soerjomataram I, et al. Cancer statistics for the year 

2020: an overview. Int J Cancer. 2021. https://doi.org/10.1002/ijc.33588. (In 
eng).

3. Homet Moreno B, Ribas A. Anti-programmed cell death protein-1/ligand-1 
therapy in different cancers. Br J Cancer. 2015;112(9):1421–7. https://doi.
org/10.1038/bjc.2015.124. (In eng).

4. Hodi FS, O’Day SJ, McDermott DF, et al. Improved survival with ipilimumab 
in patients with metastatic melanoma. N Engl J Med. 2010;363(8):711–23. 
https://doi.org/10.1056/NEJMoa1003466. (In eng).

5. Wang X, Li M. Correlate tumor mutation burden with immune signatures in 
human cancers. BMC Immunol. 2019;20(1):4. https://doi.org/10.1186/s12865-
018-0285-5. (In eng).

6. Xu C, Chen YP, Du XJ, et al. Comparative safety of immune checkpoint 
inhibitors in cancer: systematic review and network meta-analysis. BMJ. 
2018;363:k4226. https://doi.org/10.1136/bmj.k4226. (In eng).

7. Ferrara R, Mezquita L, Texier M, et al. Hyperprogressive Disease in patients 
with Advanced Non-small Cell Lung Cancer treated with PD-1/PD-L1 inhibi-
tors or with single-Agent Chemotherapy. JAMA Oncol. 2018;4(11):1543–52. 
https://doi.org/10.1001/jamaoncol.2018.3676. (In eng).

8. Kim CG, Kim C, Yoon SE, et al. Hyperprogressive disease during PD-1 
blockade in patients with advanced hepatocellular carcinoma. J Hepatol. 
2021;74(2):350–9. https://doi.org/10.1016/j.jhep.2020.08.010. (In eng).

9. Akbay EA, Koyama S, Carretero J, et al. Activation of the PD-1 pathway 
contributes to immune escape in EGFR-driven lung tumors. Cancer Discov. 
2013;3(12):1355–63. https://doi.org/10.1158/2159-8290.Cd-13-0310. (In eng).

10. Deng L, Liang H, Burnette B, et al. Irradiation and anti-PD-L1 treat-
ment synergistically promote antitumor immunity in mice. J Clin Invest. 
2014;124(2):687–95. https://doi.org/10.1172/jci67313. (In eng).

11. Sheng J, Fang W, Yu J, et al. Expression of programmed death ligand-1 on 
tumor cells varies pre and post chemotherapy in non-small cell lung cancer. 
Sci Rep. 2016;6:20090. https://doi.org/10.1038/srep20090. (In eng).

12. Pinato DJ, Mauri FA, Spina P, et al. Clinical implications of heterogeneity 
in PD-L1 immunohistochemical detection in hepatocellular carcinoma: 
the Blueprint-HCC study. Br J Cancer. 2019;120(11):1033–6. https://doi.
org/10.1038/s41416-019-0466-x. (In eng).

13. El-Khoueiry AB, Sangro B, Yau T, et al. Nivolumab in patients with advanced 
hepatocellular carcinoma (CheckMate 040): an open-label, non-comparative, 
phase 1/2 dose escalation and expansion trial. Lancet. 2017;389(10088):2492–
502. https://doi.org/10.1016/s0140-6736(17)31046-2. (In eng).

14. Ang C, Klempner SJ, Ali SM, et al. Prevalence of established and emerg-
ing biomarkers of immune checkpoint inhibitor response in advanced 
hepatocellular carcinoma. Oncotarget. 2019;10(40):4018–25. https://doi.
org/10.18632/oncotarget.26998. (In eng).

15. Fratta E, Coral S, Covre A, et al. The biology of cancer testis antigens: putative 
function, regulation and therapeutic potential. Mol Oncol. 2011;5(2):164–82. 
https://doi.org/10.1016/j.molonc.2011.02.001. (In eng).

16. Mahmoud AM. Cancer testis antigens as immunogenic and oncogenic 
targets in breast cancer. Immunotherapy. 2018;10(9):769–78. https://doi.
org/10.2217/imt-2017-0179. (In eng).

17. Cui Z, Chen Y, Hu M, et al. Diagnostic and prognostic value of the cancer-
testis antigen lactate dehydrogenase C4 in breast cancer. Clin Chim Acta. 
2020;503:203–9. https://doi.org/10.1016/j.cca.2019.11.032. (In eng).

18. Fukuyama T, Hanagiri T, Takenoyama M, et al. Identification of a new cancer/
germline gene, KK-LC-1, encoding an antigen recognized by autologous CTL 
induced on human lung adenocarcinoma. Cancer Res. 2006;66(9):4922–8. 
https://doi.org/10.1158/0008-5472.Can-05-3840. (In eng).

19. Fukuyama T, Futawatari N, Ichiki Y, et al. Correlation between expression of 
the Cancer/Testis Antigen KK-LC-1 and Helicobacter pylori infection in gastric 
Cancer. Vivo. 2017;31(3):403–7. https://doi.org/10.21873/invivo.11073. (In 
eng).

20. Kondo Y, Fukuyama T, Yamamura R, et al. Detection of KK-LC-1 protein, 
a Cancer/Testis Antigen, in patients with breast Cancer. Anticancer Res. 
2018;38(10):5923–8. https://doi.org/10.21873/anticanres.12937. (In eng).

21. Chen Z, Zuo X, Pu L, et al. Hypomethylation-mediated activation of cancer/
testis antigen KK-LC-1 facilitates hepatocellular carcinoma progression 
through activating the Notch1/Hes1 signalling. Cell Prolif. 2019;52(3):e12581. 
https://doi.org/10.1111/cpr.12581. (In eng).

22. Sumimoto H, Imabayashi F, Iwata T, Kawakami Y. The BRAF-MAPK signaling 
pathway is essential for cancer-immune evasion in human melanoma cells. 
J Exp Med. 2006;203(7):1651–6. https://doi.org/10.1084/jem.20051848. (In 
eng).

23. Boni A, Cogdill AP, Dang P, et al. Selective BRAFV600E inhibition enhances 
T-cell recognition of melanoma without affecting lymphocyte function. Can-
cer Res. 2010;70(13):5213–9. https://doi.org/10.1158/0008-5472.Can-10-0118. 
(In eng).

24. Liu L, Mayes PA, Eastman S, et al. The BRAF and MEK inhibitors Dabrafenib and 
Trametinib: effects on Immune function and in combination with immuno-
modulatory antibodies targeting PD-1, PD-L1, and CTLA-4. Clin Cancer Res. 
2015;21(7):1639–51. https://doi.org/10.1158/1078-0432.Ccr-14-2339. (In eng).

25. Azuma K, Ota K, Kawahara A, et al. Association of PD-L1 overexpression with 
activating EGFR mutations in surgically resected nonsmall-cell lung cancer. 
Annals Oncology: Official J Eur Soc Med Oncol. 2014;25(10):1935–40. https://
doi.org/10.1093/annonc/mdu242. (In eng).

26. Pilotto S, Molina-Vila MA, Karachaliou N, et al. Integrating the molecular 
background of targeted therapy and immunotherapy in lung cancer: a way 
to explore the impact of mutational landscape on tumor immunogenicity. 
Transl Lung Cancer Res. 2015;4(6):721–7. https://doi.org/10.3978/j.issn.2218-
6751.2015.10.11. (In eng).

27. Weber DG, Johnen G, Taeger D, et al. Assessment of confounding factors 
affecting the tumor markers SMRP, CA125, and CYFRA21-1 in serum. Biomark 
Insights. 2010;5:1–8. https://doi.org/10.4137/bmi.s3927. (In eng).

28. Kang Y, Gan Y, Jiang Y, et al. Cancer-testis antigen KK-LC-1 is a potential 
biomarker associated with immune cell infiltration in lung adenocarcinoma. 
BMC Cancer. 2022;22(1):834. https://doi.org/10.1186/s12885-022-09930-5. (In 
eng).

29. Meinhardt A, Hedger MP. Immunological, paracrine and endocrine aspects 
of testicular immune privilege. Mol Cell Endocrinol. 2011;335(1):60–8. https://
doi.org/10.1016/j.mce.2010.03.022. (In eng).

30. Lulla PD, Tzannou I, Vasileiou S, et al. The safety and clinical effects of admin-
istering a multiantigen-targeted T cell therapy to patients with multiple 
myeloma. Sci Transl Med. 2020;12(554). https://doi.org/10.1126/scitranslmed.
aaz3339. (In eng).

31. Morgan RA, Chinnasamy N, Abate-Daga D, et al. Cancer regression and neu-
rological toxicity following anti-MAGE-A3 TCR gene therapy. J Immunother. 
2013;36(2):133–51. https://doi.org/10.1097/CJI.0b013e3182829903. (In eng).

32. Parvizpour S, Razmara J, Pourseif MM, Omidi Y. In silico design of a triple-neg-
ative breast cancer vaccine by targeting cancer testis antigens. Bioimpacts. 
2019;9(1):45–56. https://doi.org/10.15171/bi.2019.06. (In eng).

33. Sebastian M, Schröder A, Scheel B, et al. A phase I/IIa study of the mRNA-
based cancer immunotherapy CV9201 in patients with stage IIIB/IV non-small 
cell lung cancer. Cancer Immunol Immunother. 2019;68(5):799–812. https://
doi.org/10.1007/s00262-019-02315-x. (In eng).

34. Kaczmarek M, Poznańska J, Fechner F, Literature, et al. Rev Cells. 2023;12(17). 
https://doi.org/10.3390/cells12172159. (In eng).

https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1002/ijc.33588
https://doi.org/10.1038/bjc.2015.124
https://doi.org/10.1038/bjc.2015.124
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1186/s12865-018-0285-5
https://doi.org/10.1186/s12865-018-0285-5
https://doi.org/10.1136/bmj.k4226
https://doi.org/10.1001/jamaoncol.2018.3676
https://doi.org/10.1016/j.jhep.2020.08.010
https://doi.org/10.1158/2159-8290.Cd-13-0310
https://doi.org/10.1172/jci67313
https://doi.org/10.1038/srep20090
https://doi.org/10.1038/s41416-019-0466-x
https://doi.org/10.1038/s41416-019-0466-x
https://doi.org/10.1016/s0140-6736(17)31046-2
https://doi.org/10.18632/oncotarget.26998
https://doi.org/10.18632/oncotarget.26998
https://doi.org/10.1016/j.molonc.2011.02.001
https://doi.org/10.2217/imt-2017-0179
https://doi.org/10.2217/imt-2017-0179
https://doi.org/10.1016/j.cca.2019.11.032
https://doi.org/10.1158/0008-5472.Can-05-3840
https://doi.org/10.21873/invivo.11073
https://doi.org/10.21873/anticanres.12937
https://doi.org/10.1111/cpr.12581
https://doi.org/10.1084/jem.20051848
https://doi.org/10.1158/0008-5472.Can-10-0118
https://doi.org/10.1158/1078-0432.Ccr-14-2339
https://doi.org/10.1093/annonc/mdu242
https://doi.org/10.1093/annonc/mdu242
https://doi.org/10.3978/j.issn.2218-6751.2015.10.11
https://doi.org/10.3978/j.issn.2218-6751.2015.10.11
https://doi.org/10.4137/bmi.s3927
https://doi.org/10.1186/s12885-022-09930-5
https://doi.org/10.1016/j.mce.2010.03.022
https://doi.org/10.1016/j.mce.2010.03.022
https://doi.org/10.1126/scitranslmed.aaz3339
https://doi.org/10.1126/scitranslmed.aaz3339
https://doi.org/10.1097/CJI.0b013e3182829903
https://doi.org/10.15171/bi.2019.06
https://doi.org/10.1007/s00262-019-02315-x
https://doi.org/10.1007/s00262-019-02315-x
https://doi.org/10.3390/cells12172159


Page 10 of 10Zhu et al. BMC Cancer          (2024) 24:811 

35. Naimi A, Mohammed RN, Raji A, et al. Tumor immunotherapies by immune 
checkpoint inhibitors (ICIs); the pros and cons. Cell Commun Signal. 
2022;20(1):44. https://doi.org/10.1186/s12964-022-00854-y. (In eng).

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1186/s12964-022-00854-y

	KK-LC-1, a biomarker for prognosis of immunotherapy for primary liver cancer
	Abstract
	Introduction
	Materials and methods
	Patients
	Immunohistochemistry
	Cell lines and cell culture
	Construction of cell lines with different expression of KK-LC-1
	T-cell-mediated tumor cell killing assay
	Differentially expressed genes and enrichment analysis
	Statistical methods

	Result
	Expression of KK-LC-1 and its potential prognostic role in liver cancer
	Expression of KK-LC-1 is associated with OS in patients received immunotherapy
	The expression of KK-LC-1 antibody changed after patients received immunotherapy
	KK-LC-1 antigenic peptide is immunogenic and reactive T cells can specifically kill tumor cells with high KK-LC-1 expression
	Differential genes and related signaling pathways of HCC with different expression of KK-LC-1

	Discussion
	Conclusion
	References


