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ARTICLE INFO ABSTRACT
Keywords: Breast cancer (BC) is one of the major dangerous tumors threatening women’s lives. We here
ULBP2 aimed to sort out prognostic immune-related genes by univariate Cox regression analysis and
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Immunotherapy effect prediction

build a model of immune-related genes for forecasting the prognosis of BC patients. We identified
UL16 binding protein 2 (ULBP2) as a valuable gene for study in the model using related databases
and algorithms analysis. We found the stromal and immune cells scores were higher in ULBP2
high expression group and ULBP2 was related to kinds of immune cells, most importantly had
negative correlation with CD8" T cell. Notably, ULBP2 was positively correlated with tumor
mutational burden (TMB) and had relationship with many immune checkpoints. Correlation
analysis revealed that ULBP2 expression was closely linked to the clinicopathological characters
and negatively related to BC patient survival. Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis showed the functional enrichment of
differential genes related to ULBP2. Gene Set Enrichment Analysis (GSEA) indicated pathway
enrichment in ULBP2 high and low expression groups. In short, this study comprehensively
investigated the potential function of ULBP2 in BC, which might make ULBP2 to be an important
therapeutic target for BC.

1. Introduction

Among women, the mortality and morbidity of breast cancer (BC) have occupied the first place among malignant tumors for a long
time at a global scale, which is becoming an important factor affecting women’s health [1,2]. Although treatments of BC have achieved
stunning breakthrough. However, about 30 % of early stage BC patients have multidrug resistance and relapse, and lack effectively
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targeted treatment [3]. Therefore, a comprehensive bioinformatics investigation of the BC genes is urgently needed to identify more
potential genes as targets for therapy and to predict the prognosis of the disease.

The immune system is crucial for the development of cancers. The aim of modulation of immune system in cancer therapy is
boosting CD8™ T lymphocytes, natural killer (NK) cells or other immune cells, as well as suppression of immunosuppressive responses
by macrophages and regulatory T cells (Tregs) [4]. Now, immunotherapy of the cancer therapies can cure cancer, prevent recurrence
and metastasis, and ultimately eradicate cancer by restoring and enhancing the immune monitoring of cancer patients and the function
of poisoning cancer cells. This therapy is a promising treatment mode for BC, and the immune system can intervene the effect of
immunotherapy of BC patients [4-7]. Moreover, immune-related genes (IRGs) in tumor cells, which are either up-regulated or
down-regulated, may be related to patient outcomes. Thus, it is requisite to engage in bioinformatics research to comprehensively
explore IRG expression profile in BC.

Then we built an independent risk score model to predict BC patients’ prognosis and found a very valuable gene, UL16 binding
protein 2 (ULBP2). Compared to other genes in the model, there is relatively little research on ULBP2 in BC, and we find it can affects
immune response in BC patients by binding to the receptor of NK cells and subsets of T cells [8]. Lately, it is reported that ULBP2 has an
inhibitory effect on the development of BC after being knocked down [9]. Thus we performed significant amount of explore to reveal
that ULBP2 may be a crucial gene marker of BC with powerful functions.

2. Materials and methods
2.1. Data source

RNA-seq data of BC samples and their clinical data were downloaded from the TCGA database (http://portal.gdc.cancer.gov). Data
sets of IRGs and transcription factor (TF) were acquired from the Immport (https://www.immport.org) and Cistrome database
(https://cistrome.org) respectively [10].

2.2. Screening of differentially expressed transcriptome genes, IRGs and TFs

The ggplot2 and Pheatmap packages were applied to obtain differentially expressed transcriptome genes (DEGs), IRGs and TFs in
tumor tissues and normal tissues. p < 0.05 and |log2 FC (fold-change)| > 1 were screening criteria.

2.3. Construction of a prognostic-associated IRGs model

We conducted univariate Cox regression analysis for selecting the prognostic IRGs, p < 0.001 was the filtration criteria. The
regulatory network of interactions of TFs and prognosis-associated IRGs was displayed using Cytoscape software [11]. Through the
filter condition (p < 0.001), only five prognosis-associated IRGs were selected for constructing a prognostic model and the risk score of
BC patients was computed by > (ExpmRNA1 — nxcoefmRNA1 — n). In this formula, “Exp” and “coef” respectively represent gene
expression and gene correlation coefficient, “mRNA” and “n” respectively represent specific genes and the number of genes. We plotted
the survival curves of the high-risk and low-risk groups by survival and survminer packages of R software, and the ROC curve was used
to assess the model’s accuracy. We also performed a prognosis analysis with single and multi-factors.

2.4. The ESTIMATE and CIBERSORT algorithm

The ESTIMATE package computed stromal, immune and estimate scores. CIBERSORT algorithm was uesd to expose the content of
22 kinds of immune cells (p < 0.05). Spearman correlation analysis was conducted to analyze the relationship between ULBP2 and
each immune cell (p < 0.05).

2.5. Correlation analysis between ULBP2 and immune checkpoints and tumor mutational burden (TMB)

We explored the association between ULBP2 and immune checkpoint with pearson correlation analysis. Similarly, spearman
correlation analysis was utilized to show association of ULBP2 and TMB.

2.6. The nomogram

We first revealed the correlation between ULBP2 and the clinical features of BC patients with limma, ggpubr and ComplexHeatmap
package. We delineated the nomogram to predict the survival probability of BC patients by integrating clinical characters of BC pa-
tients and ULBP2 expression. Calibration curve estimated accuracy of the nomogram.
2.7. Analysis of genes related to ULBP2

Through pearson correlation analysis, we found genes with significant correlation with ULBP2 (p < 0.001). We used clusterProfiler

package to conduct Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of
ULBP2-related genes (pvalueFilter = 0.05, qvalueFilter = 0.05). We also performed Gene Set Enrichment Analysis (GSEA) in different
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Fig. 1. Screening of differential genes of BC patients. (a, b) the volcano map and heatmap showed total differential genes, the color bar means
logFC. (c, d) the volcano map and heatmap showed differential immune-related genes, the color bar means logFC. (e, f) the volcano map and
heatmap showed differential TFs. DEGs were detected by Wilcoxon rank sum test (|log2FC| > 1 & fdr <0.05), the color bar means logFC. (g) In the
interaction network, the red and green ellipsoidal nodes represent IRGs with high- and low-hazard ratios respectively. The red and green edges
indicate positive- and negative-regulatory relationships respectively. (h) Univariate Cox analysis of IRGs and prognostic information of BC patients.

Five prognosis-associated IRGs were screened out by drawing the forest map (p < 0.001).
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expression groups of ULBP2.
3. Results
3.1. Differentially expressed IRGs and TFs were screened out

Our study contained 1109 BCE samples and 113 normal samples. Then, we screened out 4575 DEGs in BC, among which, 2698 and
1877 genes were up-regulated and down-regulated, respectively (Fig. 1a and b). In addition, we obtained IRGs from the Immport
database and intersected them with the 4575 DEGs mentioned above to obtain 370 differentially expressed IRGs, containing 194 up-
regulated IRGs and 176 down-regulated IRGs in BC (Fig. 1c and d).

Similarly, after that TFs were obtained from the Cistrome database, we intersected them with 4575 DEGs and got 80 differentially
expressed TFs, containing 38 up-regulated TFs and 42 down-regulated TFs in BC (Fig. 1e and f). Through the filter condition (p <
0.001), five IRGs related to prognosis were obtained using univariate Cox regression analysis between differentially expressed IRGs
and the survival data, among which, the risk genes were ULBP2, IGHE, SCG2 and SSTR1, and the protective gene was PSME2. The
association between differentially expressed TFs and five prognostic IRGs was investigated and their interaction regulatory network
was shown in Fig. 1g.

One protection gene and four risk genes were employed to generate the forest map (Fig. 1h). Generally, Hazard ratio (HR) > 1 and
0 < HR < 1 suggest that genes are prognostic risk factors and prognostic protection factors, respectively.

3.2. The prognostic model revealed BC patients with the increase of risk score had worse prognosis

The prognostic model was constructed by using the five screened IRGs related to prognosis (Table 1). We computed the risk scores
of BC patients. We divided the patients into high risk and low risk groups by the median of risk value. Then, we drew the KM survival
curve to demonstrate the relationship between the high or low risk group and the survival time (Fig. 2a). As the survival time
increased, the survival rate of high and low risk groups gradually decreased. However, the survival rate of high risk group was lower at
the same survival time. We also drew the ROC curve and the area under the curve was AUC = 0.687 (Fig. 2b), indicating that the
constructed model had significant accuracy in predicting prognosis.

We ranked the risk score of BC patients from low to high (Fig. 2¢) and took median value as the dividing point. The scatter plot was
used to display the survival status and time of two risk groups (Fig. 2d). It indicated that dead patients gradually increased and pa-
tients’ survival time gradually decreased with the increase of risk score. Therefore, the results showed that the risk score was an
adverse factor in predicting prognosis. Our results also further revealed the differential expression of the five prognosis-associated IRGs
in the two risk groups by drawing the heatmap (Fig. 2e).

Univariate independent prognostic analysis of BC patients was performed with gender, age, grade, stage, TNM stage and risk score
(Fig. 2f). We found that risk score, age, stage and TNM stage were independent factors for predicting patient prognosis. According to
HR > 1, we could know they were the prognostic risk factors. We also conducted multivariate independent prognostic analysis with all
indicators. It demonstrated that the risk score, age, M stage and N stage of BC patients could independently predict patient prognosis
(HR > 1) (Fig. 2g).

3.3. ULBP2 indicated the status of tumor microenvironment and was related to the effect of immunotherapy of BC patients

Through the follow correlative analysis, we found that ULBP2 played a critical role for BC patients. In our research, we performed
TIDE algorithm analysis and found high CTL levels indicated better prognosis of BC patients with low ULBP2 expression levels in tumor
tissues (Fig. 3a). But when the expression levels of ULBP2 was high, high CTL levels indicated the poor prognosis. These data indicated
that the high expressions of ULBP2 was closely related to T cell dysfunction, thus affecting the prognosis of BC patients. To clarify the
effect of ULBP2 as an immune gene in the tumor microenvironment of BC, we estimated stromal cells score and immune cells score and
detected the content of 22 types of immune cells of BC tumor microenvironment in ULBP2 high and low expression groups through the
ESTIMATE and the CIBERSORT algorithm. The violin plot depicted high ULBP2 expression caused raised stromal and immune cells
content in BC patients (Fig. 3b). Besides, Fig. 3c showed that the fractions of the naive B cells, CD8" T cells, resting memory CD4* T
cells, monocytes, resting dendritic cells and resting mast cells in ULBP2 high expression group was comparatively less than that in
ULBP2 low expression group, and activated memory CD4" T cells, resting NK cells, MO macrophages, activated dendritic cells and

Table 1

Prognosis-associated IRGs in the model.
id coef HR HR.95L HR.95H pvalue
PSME2 —0.015576898 0.984543795 0.975950248 0.99321301 0.000496781
ULBP2 0.120383218 1.127929011 1.053869404 1.207193082 0.000512447
IGHE 0.065430253 1.067618272 1.039917919 1.096056481 1.07E-06
SCG2 0.004153042 1.004161678 1.002013446 1.006314515 0.000144245
SSTR1 0.045535248 1.046587894 1.024223307 1.069440827 3.60E-05

HR, hazard ratio.
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Fig. 2. The risk score of the model is an important indicator of the survival of BC patients. (a) Kaplan-Meier curve of OS of BC patients. The
differences between the two curves were evaluated by the two-side log-rank test. (b) The ROC curve analysis was used to evaluate the accuracy of
the model. (c) Risk score distribution of the BC patients. (d) Presenting of survival status of BC patients. (e) Expression profile of five IRGs, the color
bar means logFC. (f) Prognostic factors including age, stage, TNM stage and risk score were detected by univariate independent prognostic analysis
(Ap < 0.05). (g) Prognostic factors including age, NM stage and risk score were detected by multivariate independent prognostic analysis (p < 0.05).
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Fig. 3. ULBP2 was related to TME score, immune cell infiltration, checkpoints and TMB. (a) The association between the CTL level and OS of BC
patients with different ULBP2 levels. (b) stromal cell score and immune cell score in ULBP2 high and low expression group. (¢) The content of
different kinds of immune cells in the high and low expression group of ULBP2. Spearman correlation analysis was the statistical methods. (d) the
relationship of various kinds of immune cells and ULBP2. (e) ULBP2 had significant correlation with different checkpoint. Pearson analysis evaluates
the significance of correlation. (f) ULBP2 was positively related to TMB. P value are based on spearman analysis.

neutrophils were moderately greater in ULBP2 high expression group. Finally, we applied this Lollipop figure to express the rela-
tionship between ULBP2 and immune cells (Fig. 3d). We could see that the first six cells were positively correlated with ULBP2 and the
last six cells were negatively correlated with ULBP2. From the above, it could be seen that, ULBP2 was correlated with immuno-
suppressive tumor microenvironment.

Increasingly evidence illustrates that immunotherapy, as one of the cancer treatment methods, has developed rapidly and achieved
more and more considerable effect. Here, pearson analysis revealed the association among ULBP2 and immune checkpoint-related
genes (Fig. 3e). There were 26 immune checkpoint-related genes that had significant interrelatedness with ULBP2 (p < 0.001).
Moreover, detection of tumor mutation burden of malignant tumors can forecast the effect of patients on immunotherapy. Presently, it
has become a new biomarker with good prospects to predict the effect of cancer immunotherapy in clinical practice. Spearman cor-
relation analysis indicated the significant positive relationship between ULBP2 and TMB (Fig. 3f). In general, ULBP2 had potential
predictability in the immunotherapy effect of BC patients.

3.4. ULBP2 was negatively correlated with the prognosis and had significant intrinsic links with the clinicopathological characteristics of BC
patients

Our results further revealed that ULBP2 was related to poor prognosis of BC patients. Firstly, ULBP2 expression were sorted out
from the data of the above BC and normal samples. It could be clearly seen that expression of ULBP2 was obviously distinct between BC
patients and normal people, even the paired normal tissues by limma package, ggplot2 package and ggpubr package in R software
(Fig. 4a and b). We could also obtain a similar result that ULBP2 expressed higher in breast tumor tissues by the HPA dataset (https://
www.proteinatlas.org/) (Fig. 4c and d). Then we investigated the correlativity between ULBP2 expression and prognosis. This study
performed Kaplan-Meier survival analysis to study Overall Survival (P = 0.00049), Distant Metastasis-Free Survival (P = 0.0025),
Period Progression Survival (P = 0.0038), Recurrence Free Survival (P = 0.0025), Progression-Free-Survival (p = 0.050) of BC patients
and showed that high expression of ULBP2 was associated with poor prognosis (Fig. 4e-i).

Given the repercussions of ULBP2 expression on BC patients survival, we futher explored the relationship between ULBP2 and the
clinical features. In Fig. 4j and k, the expression of ULBP2 was higher in the groups of younger than 65 years old and female. In respect
of the T-staging figure, we could also discover that ULBP2 expressed higher in the high level stage (Fig. 41). After that, based on ULBP2
median expression, we allocated BC patients into ULBP2 high and low expression groups. The heatmap elucidated that patient’s gender
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Fig. 4. The expression of ULBP2 and association with survival of BC patients and clinicopathological characterastics. (a) Differential expression of
ULBP2 in BC and normal tissues. Statistical method was Wilcoxon-Mann-Whitney test. (b) ULBP2 expression levels in the paired BC tissues were
evaluated. P-value was detected by the Wilcoxon Test. (c—d) The IHC of ULBP2 expression in BC and normal tissue in the HPA dataset. (e-i) The
relationship of ULBP2 expression and OS, DMFS, RFS, PPS, PFS of BC patients by KM survival analysis. (j-1) The correlation of ULBP2 expression
with age, gender and T-stage of BC patients by Wilcoxon rank sum test. (m) Enrichment of clinical features in different expression groups of ULBP2.
(n) Nomogram model was used to predict the probability of 1-, 3-, and 5-year OS of BC patients. Points are assigned for clinical features. The total
points axis shows the sum of all these points. The total points on the bottom scales correspond to the forecast of 1-, 3-, and 5-year survival
probability. (o) Calibration curve of the nomogram at 1-, 3-, and 5-year. The X-axis is nomogram-predicted OS. The Y-axis is observed OS. (p—q)
i‘ndependent prognostic analysis of BC patients with ULBP2, age, gender, stage.

was different in the two groups (p < 0.05) (Fig. 4m). Furthermore, a prognostic nomogram was manufactured about BC patients to
forecast the survival probability by considering M, gender, T, N, the expression of ULBP2, stage, and age (Fig. 4n). Calibration of the
nomogram was also conducted (Fig. 40). This figure showed that the calibration curve (1-year, 3-year, 5-year) was close to the di-
agonal line, which represented that the nomograph had an acceptable accuracy. In order to discern whether ULBP2 could become an
independent prognostic factor after comparing with other clinical characteristics. Our study completed univariate and multivariate
independent prognostic analysis with ULBP2, age, gender and stage (Fig. 4p and q). We found that ULBP2 expression could inde-
pendently predict patient prognosis (The P value of both analysis <0.001).

3.5. The transcriptome of BC patients was impacted by ULBP2 extensively

After observing the considerable influence of ULBP2 on the prognosis and clinical features, we were interested in exploring the
effect of ULBP2 expression on other gene expression in patients’ transcriptome. We picked out the genes that had strong co-expression
relationship with ULBP2 in the transcriptome data (the filter criteria set were |cor| > 0.3 and the P < 0.001, respectively), and the
results showed the top 6 genes among the 56 genes merely (Fig. 5a). Next, we utilized the 5 genes with the smallest correlation co-
efficient and the 5 genes with the largest correlation coefficient to draw a circle graph (Fig. 5b). Moreover, we drawn the heatmap for
evincing the top 50 genes with the significant up-regulated and down-regulated respectively in the ULBP2 high expression group
(Fig. 5¢). GO analysis was used to show the functions enriched by DEGs (Fig. 5d). According to the p value of enrichment significance,
we selected the top 6 from Biological Process, Molecular Function and Cellular Component to draw the circle graph of GO (Fig. 5e). The
barplot principally manifested the enrichment pathway of Neuroactive ligand—receptor interaction, Cytokine—cytokine receptor
interaction and cAMP signaling pathway by KEGG pathway analysis (Fig. 5f). Moreover, we performed GSEA to investigate the gene
sets enriched in ULBP2 subgroups. The genes in the low expression group of ULBP2 were markedly enriched in metabolic pathways,
while those genes in the high expression group were chiefly enriched in focal adhesion, leukocyte transendothelial migration and
endocytosis. In general, these results intimated that ULBP2 affected the transcriptome of BC patients tremendously.

4. Discussion

As the most common malignancy, BC intensively threatens women’s lives. In recent years, there have been major advance in the
study and treatment of BC, but there is still no effective therapeutic target. A growing number of research have suggested that cancer
immunotherapy, especially the treatment of immune checkpoint inhibitors, has played a key role in some cancers treatments and had
sustained therapeutic effects and affected the prognosis of patients [12]. Previous study showed that IRGs can affect the activation and
spread of tumor immune cells to a great extent, and may further affect the immunotherapy and prognosis of patients [13-17]. In
addition, each cancer has specific IRGs, it is necessary to study the IRGs of patients with BC for exploring effective immunotherapy
strategies and predicting prognosis.

Our study identified and built five IRGs risk score model by a large amount of bioinformatics analysis, which include PSME2,
ULBP2, IGHE, SCG2 and SSTR1. The risk score was an independent prognostic factor of BC patients. More importantly, among the
above five IRGs, we found that ULBP2 was closely correlated with patients’ prognosis and had numerous significant functions in BC.

ULBP2 is a ligand of natural killer group 2 member D and mainly expresses in intestinal mucosal epithelial cells and epithelial
tumor cells under stress condition. Likewise, a study using immunohistochemistry technique had shown that ULBP2 had heteroge-
neous expression in different metastatic tumors, and soluble ULBP2 might mean the prognosis of patient was poor [18]. In another
research, soluble ULBP2 was important in the immunoregulation of pancreatic cancer, the vitro study showed that soluble ULBP2 in
pancreatic cancer cells inhibited the expression of natural killer group 2 member D and reduced the cytotoxicity of NK cells, which
might influence the outcome [19]. In addition, ULBP2 also analogously plays an anti-tumor role in BC. As we know, TME affects the
occurrence and development of cancer, which contains tumor cells, stromal cells and immune cells [20,21]. Likewise, concerning the
significance of immune cell infiltration in tumors [22-24], ESTIMATE and CIBERSORT assessed the content of immune cells and
stromal cells and the abundance ratio of 22 kinds of immune cells. In ULBP2 low expression group, the naive B cells, CD8" T cells,
resting memory CD4™" T cells, monocytes, resting dendritic cells and resting mast cells had higher proportions. While in ULBP2 high
expression group, the content of activated memory CD4" T cells, resting NK cells, MO macrophages, activated dendritic cells and
neutrophils was higher, meaning that the expression of ULBP2 inhibits the differentiation and activation of some immune cells in BC.
With further analysis, we found that ULBP2 was correlated with some immune checkpoints and positively related to TMB. As we all
know, great progress has been made in the development of immune checkpoint inhibitors for treating BC, but they still face enormous
challenges [25]. TMB has been well known to foresee the effect to immune checkpoint inhibitors [26]. Therefore, ULBP2 might become
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Fig. 5. Analysis of co-expressed genes of ULBP2. (a) the correlation of ENO1, SPEF2, SFXN2, TTC39A, PCP2 and P2RX4 with ULBP2. Statistical
methods is pearson correlation analysis. (b) circle graph showed 5 genes with the smallest correlation coefficient and the 5 genes with the largest
correlation coefficient. (¢) 100 genes differentially expressed in different expression groups of ULBP2. (d-f) GO and KEGG enrichment analyses of
co-expressed genes of ULBP2. (g) Gene sets enriched in ULBP2 high and low expression group. NOM p < 0.05, and [NES| > 1 are the signifi-
cance threshold.

a novel predictor of immune checkpoint inhibitors. Then, analysis of transcriptome and clinical data of BC patients revealed that
ULBP2 expression was significantly associated with the clinical characters (age, gender and T stage) and poor prognosis of BC patients.
GO and KEGG analysis were used in co-expressed genes of ULBP2, which demonstrated they were enriched in functions of epidermis
development, humoral immune response and skin development predominantly and pathways of Neuroactive ligand—receptor inter-
action, Cytokine—cytokine receptor interaction and cAMP signaling. It has been confirmed by research that Tumor-infiltrating B-cells
make ongoing humoral immune responses to exert valid anti-tumor immunity in BC [27]. In another study, inhibiting cAMP signaling
can promote the migration of breast cancer cell [28]. The co-expressed genes of ULBP2 are related to them, indicating that ULBP2 may
affect the progress of BC through humoral immune responses and cAMP signaling. GSEA analysis showed that ULBP2 high expression
group was associated with focal adhesion, leukocyte transendothelial migration and endocytosis. In ULBP2 low expression group, the
gene sets enriched in metabolic pathways, such as primary bile acid biosynthesis, fatty acid metabolism and glycine serine and
threonine metabolism. Increasing evidences also show that BC is closely related to the biological function of fatty acid metabolism
[29-32].

In summary, our study reveals that the IRGs model can effectively predict BC patients’ prognosis. In addition, ULBP2 can also be a
potential therapeutic target. Due to the lack of vivo and vitro experiments, further experimental studies are necessary to verify and
improve the results of this study, we also need more data to improve the accuracy and performance of the model and further analysis
about ULBP2 to expose more potential effects in BC.
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