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Abstract. The aim of the present study was to investigate
the association between UL16 binding protein 1 (ULBPI)
and the prognosis of patients with and immune cell infiltra-
tion in breast cancer (BRCA). The mRNA data of BRCA
and immune-related genes were extracted from The Cancer
Genome Atlas and were analyzed using bioinformatics tools.
Subsequently, the results obtained by bioinformatics were
validated through the collection of clinical patient data at the
Zibo Central hospital (Zibo, China). The difference in the
expression of the ULBP1 gene between BRCA tissues and
normal precancerous tissues was analyzed, followed by vali-
dation using immunohistochemistry. By combining clinical
data from patients with BRCA, the prognostic and diagnostic
significance of the ULBPI gene in patients with BRCA was
analyzed. Gene enrichment analysis was conducted to gain
insight into the molecular mechanisms underlying the regula-
tory role of ULBP1 in BRCA by analyzing its related functions
and signaling pathways. Furthermore, single sample gene set
enrichment analysis (ssGSEA) and Spearman's correlation
analysis were performed to explore the correlation between
ULBPI as a target gene related with tumor immune cell
infiltration. The data revealed that ULBPI is a target gene
associated with immunity and the prognosis of patients with
BRCA. Patients with BRCA with a high expression of ULBP1
had a poorer prognosis. ULBP1 expression correlated with
progesterone receptor expression, estrogen receptor expression
and histological type in patients with BRCA; thus, it may serve
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as an independent predictor for the overall survival rate of
patients. Functional enrichment analysis revealed a significant
co-expression between ULBP1 and ULBP2, ULBP3, retinoic
acid early transcript 1K, as well as a significant enrichment
of pathways associated with carcinogenesis and immune
suppression. ssGSEA and Spearman's correlation analysis
demonstrated significant correlations between ULBP1 expres-
sion and tumor immune cells, as well as immune checkpoints.
Overall, the present study demonstrated that ULBP1 was asso-
ciated with BRCA immunity and might serve as a prognostic
and diagnostic biomarker for patients with BRCA. In addition,
it might also be a potential target for the immunotherapy of
BRCA.

Introduction

The incidence and mortality rates of patients with breast cancer
(BRCA) have emerged as a significant public health concern
among women, posing a threat to human well-being (1,2).
According to the latest GLOBOCAN 2021 data, there is an
estimated global burden of ~2.3 million new cases of BRCA,
accompanied by a mortality rate of 6.9% (3). The lack of early
symptoms at diagnosis leads to late detection and even metas-
tasis, resulting in poor prognosis (4). With the advancement
of gene chips, novel biomarkers that unravel the heterogeneity
of BRCA have gradually emerged (5). In recent years, the
utilization of immunotherapy and targeted therapy have been
extensively employed in the treatment of BRCA, with prom-
ising outcomes (6). To enhance the early diagnosis of BRCA,
optimize the efficacy of immunotherapy and prolong survival
rates, it is imperative to identify more effective biomarkers (7).

The UL16 binding protein (ULBP)1 is a gene that belongs
to the major histocompatibility complex class I-related
family (8). The protein encoded by this gene acts as a ligand
for the natural killer group 2, member D (NKG2D), which is an
immune system-activating receptor found on natural killer cell
(NK) cells and T-cells (9). Additionally, in cells infected with
cytomegalovirus, this ligand interacts with the UL16 glycopro-
tein and is hindered from activating the immune system (10).
This gene has been found to have four transcript variants that
encode different isoforms, including ULBP1, ULBP2, ULBP3
and ULBP4 (11). The expression of ULBP1 is upregulated in
certain types of cancer, such as colon cancer (12), hepatocellular
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carcinoma (13) and cervical cancer (14); however, its expres-
sion in BRCA remains unreported, at least to the best of our
knowledge.

The present study evaluated the expression of the ULBP1
gene in BRCA and assessed its association with the prog-
nosis of patients with BRCA and immune cell infiltration.
Moreover, the sequencing results were further validated
through immunohistochemistry conducted on both BRCA
and adjacent non-cancerous tissues. The findings presented
in the current study established ULBPI as a potential
biomarker for fundamental and applied research on BRCA,
providing crucial molecular evidence for early diagnosis and
immunotherapy.

Materials and methods

Data collection. Data collection was conducted from The
Cancer Genome Atlas (TCGA; https://portal.gdc.cancer.gov/)
platform was utilized to acquire clinical and RNA-sequencing
data sets, including GSE73540 (15), GSE3143 (16),
GSE22820 (17), and GSE42568 (18) from a cohort of 1,226
BRCA patients. Additionally, this dataset encompassed
113 corresponding non-tumor samples. The data obtained
from the TCGA database was collected and analyzed by
Xiantao Academic Online (https://www.xiantaozi.com). The
Xiantao Academic tool streamlines various analysis and
visualization processes commonly used in the R language.
It presents these analyses and visualizations as online pages,
providing a comprehensive solution for common statistical
analysis and visualization tasks. A total of 1,098 clinical
records were collected among the 1,226 patients with BRCA.
Furthermore, for the immunohistochemical analysis, the data
were obtained from specimens collected at Zibo Central
Hospital (Zibo, China).

Differentially expressed mRNA (DEmRNA) analysis.
The ggplot2 (version 3.3.6), stats (version 4.2.1) and car
(version 3.1-0) package were employed via Xiantao Academic
Online for conducting differential mRNA analysis to identify
mRNAs that exhibited a significant differential expression,
characterized by an absolute log2 fold change (llogFCl)>1.5
and a P.adj value <0.05. The Xiantao Academic Online was
utilized for the identification of co-expressed mRNAs with
target genes, while the ‘ggplot2’ package (version 3.3.6) in
Xiantao Academic Online was employed for visualizing
mRNA volcano plots.

Survival analysis. The patients with BRCA were strati-
fied into two groups, namely the ULBP1 high expression
group and ULBPI low expression group, based on the
median level of ULBP1 mRNA expression (cut-off level,
0.731). Survival analysis was performed using the survival
(version 3.3.1) package to investigate the association between
DEmRNA and the prognosis of patients with BRCA
(https://www.xiantaozi.com).

Identification of DEmRNAs associated with the prognosis
and immunity of patients with BRCA. In order to iden-
tify immune-related target genes, the ImmPort database
(https://www.immport.org/shared/home) was utilized to obtain

immunoregulatory genes. Subsequently, Venn overlap analysis
in Xiantao Academic Online was employed to demonstrate
the interaction between prognosis-associated DEmRNAs and
immune-related genes. Ultimately, ULBP1 was identified as
the specific target gene.

Functional enrichment analysis. The ‘cluster profiler’
package (version 4.4.4) in Xiantao Academic Online was
utilized to automate the process of Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) term
analysis. The patients with BRCA were stratified into the
low and high expression groups based on the median ULBP1
expression levels as aforementioned in survival analysis. The
protein-protein interaction analysis was performed utilizing
the STRING database (https://string-db.org).

Immune infiltration analysis. The single sample gene set
enrichment analysis (ssGSEA) algorithm in Xiantao Academic
Online, which is further normalized by the range of values
across all gene sets and samples, was employed to conduct
the immune infiltration analysis of ULBPI in BRCA tissue
samples, evaluating 24 distinct immune cell types. Spearman's
correlation analysis was employed to evaluate the correlation
between ULBPI1 expression and immune cells, as well as
immune checkpoint molecules, including programmed cell
death protein 1 (PDCD1), cytotoxic T lymphocyte-associated
protein 4 (CTLA4) and programmed cell death ligand 1
(CD274). The Wilcoxon rank-sum test was conducted to assess
the enrichment of immune infiltrating cells in patients with
BRCA with a high expression of ULBP1 compared with those
with a low expression of ULBPI.

Immunohistochemical analysis. The expression levels of
ULBPI in biopsy samples obtained from a total of 74 treat-
ment-naive patients diagnosed with primary BRCA at Zibo
Central Hospital between May 2020 and July 2023 were
assessed using immunohistochemical analysis. Patients with
a prior history of chemotherapy, radiotherapy or other malig-
nancies were also excluded from the current study. Written
consent was obtained from all patients. The sections (5 ym)
were dewaxed by heating at 55°C for 30 min and subjected
to two 15 min washes with xylene. Then, the sections were
rehydrated by a series of 5 min washes in ethanol. The sections
were placed into an enamel cylinder containing 10 mmol/l
sodium citrate (pH 6.0), heated by gas cooker at 95°C for
5 min for antigen unmasking, and then were treated with
3% hydrogen peroxide for 30 min to inactivate endogenous
peroxidase activity. After being incubated with fetal bovine
serum at 37°C for 30 min, the sections were then incubated
at 4°C overnight with specific rabbit polyclonal antibodies
targeting human ULBP1 (cat. no. ab238331; Abcam), ULBP2
(cat. no. ab275023, Abcam) and ULBP3 (cat. no. ab300102,
Abcam), diluted at 1:1000. The sections were then washed
with PBS and incubated for 30 min with biotinylated goat
anti-rabbit secondary antibody (cat. no. ab6721; Abcam) at
37°C. The substrate, 3'3-diaminobenzidin (DAB) tetrachloride,
dissolved in steamed water, was added to visualize the positive
expression. Negative control sections were immune-stained
as described above, but incubated with PBS instead of a
primary antibody. Negative control slides were treated with
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isotype-matched antibodies at the same dilution (1:1,000) as
the primary anti-human ULBP1, ULBP2 or ULBP3 antibodies.
The presence of ULBP1, ULBP2 or ULBP3 was determined
based on its positive localization in cellular membrane regions.
A fluorescence microscope used to capture the images, and the
protein expression levels were quantitatively analyzed using
Image-Pro Plus software (Media Cybernetics, Inc.). To clas-
sify and score protein expression levels, a semi-quantitative
approach combining the percentage of tumor cells stained
positively, staining intensity and previous descriptions of high
and low expression groups based on ULBP1 molecule levels
was employed (19).

Statistical analysis. SPSS 26.0 software (IBM Corp.) was
utilized for data processing purposes. Initially, the expres-
sion of ULBP1 in both normal breast tissue and BRCA
tissue was examined using the Wilcoxon rank-sum test and
Wilcoxon signed-rank test, respectively. Receiver operating
characteristic (ROC) curve analysis was conducted to evaluate
the diagnostic efficacy of ULBP1 expression in BRCA. The
association between ULBP1 expression and the clinicopatho-
logical parameters of the patients was analyzed using the y*
test with counts (percentages). Univariate and multivariate
Cox regression analyses were performed to assess the impact
of ULBPI1 expression and clinicopathological parameters on
the patient survival rate. Spearman's rank correlation coef-
ficient analysis was employed for correlation analysis. The
Kaplan-Meier method was applied to plot overall survival
(OS) curves, with differences in survival being assessed using
log-rank tests. The data presented are derived from the mean +
SD of a minimum of three replicates. P<0.05 was considered
to indicate a statistically significant difference.

Results

Identification of DEmRNAs associated with the prognosis
and immunity of patients with BRCA. To identify DEmRNAs
associated with BRCA, a total of 4,356 genes were identified
as being significantly altered in BRCA compared with normal
breast tissue samples. The upregulated genes are represented
by red dots, while the downregulated genes are represented by
blue dots. Among these, ULBP1 exhibited a significant upregu-
lation, as depicted by the volcano plot illustrated in Fig. 1A.
By employing the ‘survival’ package for the batch fitting of
survival regression, a comprehensive analysis was conducted
to investigate the association between multiple genes and the
survival rate of patients with BRCA using the Cox regression
statistical method. As a result, 1,078 genes were successfully
identified that were significantly associated with the prognosis
of patients with BRCA. Furthermore, the genes associated with
the immune system were classified as ‘immune-related genes’
and the gene list was downloaded from the ImmPort database.
A Venn overlap analysis was conducted to identify shared target
genes among the prognosis-related genes, immune-related genes
and DEmRNAs in patients with BRCA. The analysis revealed
a set of common target DEmRNAs, namely TNF superfamily
member 4, ULBPI, syndecan 1, uromodulin-like 1, interleukin
(IL)27, inhibin subunit o, thymosin § 15A and IL36 receptor
antagonist (Fig. 1B). The aforementioned genes demonstrated
substantial associations with both the prognosis and immune
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infiltration of patients with BRCA. Through comprehensive
comparisons, ULBP1 was selected as the target gene. The
heatmap presented in Fig. 1C illustrates the co-expression of
ULBP1 and its associated mRNAs. The initial five genes exhibit
a positive correlation with ULBP1 expression, whereas the latter
five genes demonstrated a negative correlation.

High expression of ULBPI has a specific predictive and diag-
nostic value for patients with BRCA. The expression analysis
of ULBP1 in pan-cancer using the Xiantao database revealed
that ULBP1 was highly expressed in BRCA, bladder urothelial
carcinoma, cervical squamous cell carcinoma and endocervical
adenocarcinoma, cholangiocarcinoma, colon adenocarci-
noma, esophageal carcinoma, head and neck squamous cell
carcinoma, kidney chromophobe, kidney renal papillary cell
carcinoma, lung squamous cell carcinoma, prostate adeno-
carcinoma, rectal adenocarcinoma, THCA, stomach gastric
adeno-cancers and endometrial cancers compared with normal
tissues (Fig. 2A) and the corresponding adjacent normal tissue
samples (Fig. 2B). Because adjacent tissue may have different
gene expression patterns compared with normal tissue, this
causes a slight difference in the results of the two graphs
(Fig. 2A and B). By contrast, lung adenocarcinoma exhibited
low levels of ULBP1 expression in tumor tissues compared
with normal tissues (Fig. 2A). Furthermore, additional visu-
alization analysis of the expression pattern of ULBP1 was
performed by comparing both normal para-cancerous tissues
and the matched tumor-normal pairs obtained from TCGA
database, with a specific focus on patients with BRCA. The
expression of ULBP1 was significantly upregulated in BRCA
tissues compared with normal para-cancerous tissues (Fig. 2C)
and the matched tumor-normal paired tissue (Fig. 2D).
Subsequently, ROC curve analysis demonstrated that
ULBPI expression should be regarded as a discriminative
factor. The results revealed that compared with normal
breast tissue, BRCA tissue exhibited higher levels of ULBP1
expression, with an area under the curve (AUC) of 0.808 and
95% confidence interval of 0.775-0.840 (Fig. 2E). In addition,
the AUC for the low expression of ULBP1 was found to be
0.498 (data not shown). This further supports the notion that
ULBPI holds potential as a diagnostic biomarker for BRCA.
Furthermore, the prognostic significance of ULBP1 in BRCA
was evaluated by analyzing data from TCGA database.
Kaplan-Meier survival curves indicated significantly higher
overall survival rates in the low expression group compared
with the high expression group for ULBP1 (P=0.026), as
depicted in Fig. 2F. This information revealed that the low
expression of ULBPI predicted a higher overall survival rate.

Association between ULBPI expression and clinicopatholog-
ical features of patients with BRCA. The associations between
ULBPI1 expression and the clinicopathological features of
patients with BRCA were assessed using the %> test and logistic
regression models (Fig. 3). The expression of ULBP1 exhibited
significant associations with estrogen receptor (ER) expression
(P<0.001), progesterone receptor (PR) expression (P<0.001)
and the prediction analysis of microarray 50 (PAMS50)
(P<0.05). As presented in Table I, the ytest revealed signifi-
cant associations between ULBP1 expression and the age of
patients with BRCA (P=0.007), race (P=0.012), PR expression
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Figure 1. Identification of DEmRNAs that are associated with the prognosis and immunity of patients with BRCA. (A) A volcanic map depicting the differential
expression pattern of mRNA, and (B) a Venn diagram highlighting the overlap between target genes among prognosis-related genes, immune-related genes and
DEmRNAS in patients with BRCA. (C) Heatmap showcasing ULBP1 and its co-expressed mRNA. ““P<0.001. DEmRNAs, differentially expressed mRNAs;
BRCA, breast cancer; ULBP, UL16 binding protein; MTHFDIL, methylenetetrahydrofolate dehydrogenase (NADP* dependent) 1; CBX2, chromobox protein
homolog 2; CALU, calumenin; TTC36, tetratricopeptide repeat domain 36; MLPH, melanophilin; PHGR1, proline, histidine and glycine rich 1; KIF12, kinesin

family member 12.

(P<0.001), ER expression (P<0.001), PAMS50 (P<0.001) and
histological type (P<0.001). However, no significant associa-
tions were observed with other clinicopathological features,
such as pathological T stage (P=0.216), pathological N stage
(P=0.580), pathological M stage (P=0.771), pathological stage
(P=0.605), human epidermal growth factor receptor 2 (HER?2)
status (P=0.529) and menopause status (P=0.382).

OS rates of patients with BRCA with varying ULBPI
expression levels in the different subgroups. The OS rates of
patients with BRCA with a high or low expression of ULBPI in

the different subgroups are presented in Fig. 4A-F. The results
indicated that a poor OS rate was associated with an increased
ULBPI expression in the subgroups aged >60 years (P=0.045),
N1 subgroup (P=0.037), infiltrating ductal cancer subgroup
(P=0.014), ER-positive subgroup (P=0.041), subgroup of
stage II (P=0.016) and post-menopause subgroup (P=0.008).

ULBPI is an independent risk factor significantly affecting
survival. In order to assess the impact of ULBP1 expression
and clinicopathological parameters on survival, univariate and
multivariate Cox regression analyses were conducted. In the
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Figure 2. Expression level of ULBP1 exhibits good diagnostic predictive value for patients with BRCA. (A) Comparative analysis of ULBP1 mRNA expression
levels in tumor and adjacent normal tissues across various malignancies. (B) ULBP1 mRNA levels were quantified using RNA-sequencing data from tumor
samples and their matched normal tissues in The Cancer Genome Atlas database. (C) Analysis of sequencing data revealed the differential expression of
ULBP1 mRNA between normal and BRCA tissues. (D) Validation of ULBP1 mRNA expression through RNA-sequencing in paired BRCA and normal breast
tissue samples. (E) The diagnostic predictive value of ULBPI expression level was assessed using ROC curve analysis. (F) Kaplan-Meier curve illustrating the
comparison of overall survival between subgroups of patients with BRCA with a high/low ULBP1 mRNA expression. ‘P<0.05; “P<0.01; ““P<0.001. ULBP1,
UL16 binding protein 1; BRCA, breast cancer; BLCA, bladder urothelial carcinoma; CESC, cervical squamous cell carcinoma and endocervical adenocarci-
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Figure 4. ULBPI1 expression and survival of patients with breast cancer. The overall survival rates of patients with breast cancer with varying expression
levels of ULBPI1 in the different subgroups were examined. The findings revealed a significant association between increased ULBP1 expression and poor
overall survival in the following subgroups: (A) In patients aged >60 years of age, (B) those with N1 stage tumors, (C) those with infiltrating ductal cancer,
(D) ER-positive patients, (E) those with stage II disease and (F) those at post-menopause. ULBP1, UL16 binding protein 1; ER, estrogen receptor; HR, hazard

ratio.

univariate Cox regression model, T4 stage (P<0.001), N1 stage
(P<0.001), N2 stage (P<0.001), N3 stage (P<0.001), M1 stage
(P<0.001) and the ULBP1 expression level (P=0.026) were all
statistically significant variables. Subsequently, the multivar-
iate Cox regression analysis revealed that T4 stage (P=0.032),
M1 stage (P=0.034), N1 stage (P=0.020), N2 stage (P=0.006),

N3 stage (P=0.004) and the ULBP1 expression level (P=0.046)
were independent risk factors significantly affecting survival,
as presented in Table II.

Furthermore, a nomogram was developed to predict the
OS rates of patients with BRCA at 1, 3 and 5 years based on
the pathological tumor node metastasis (TNM) stage, age and
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Table I. Association between ULBP1 and clinicopathological features of patients with BRCA.

Characteristics Low expression of ULBP1 High expression of ULBP1 P-value

n 543 544

Pathological T stage, n (%) 0.216
T1+T2 447 (41.2%) 462 (42.6%)
T3 + T4 95 (8.8%) 80 (7.4%)

Pathological N stage, n (%) 0.580
NO 253 (23.7%) 263 (24.6%)
NI + N2 + N3 280 (26.2%) 272 (25.5%)

Pathological M stage, n (%) 0.771
MO 437 (47.2%) 468 (50.6%)
Ml 9 (1%) 11 (1.2%)

Pathological stage, n (%) 0.605
Stage I + stage 11 398 (37.4%) 403 (37.9%)
Stage III + stage IV 135 (12.7%) 127 (11.9%)

Race, n (%) 0.012
White 401 (40.2%) 354 (35.5%)
Asian + Black or African American 106 (10.6%) 136 (13.6%)

Age, n (%) 0.007
<60 279 (25.7%) 324 (29.8%)
>60 264 (24.3%) 220 (20.2%)

Histological type, n (%) <0.001
Infiltrating ductal cancer 345 (35.2%) 431 (43.9%)
Infiltrating lobular cancer 141 (14.4%) 64 (6.5%)

ER status, n (%) <0.001
Negative 43 (4.1%) 197 (19%)
Positive 472 (45.5%) 325 (31.3%)

PR status, n (%) <0.001
Negative 104 (10.1%) 238 (23%)
Positive 410 (39.7%) 282 (27.3%)

HER?2 status, n (%) 0.529
Negative 262 (36.5%) 298 (41.6%)
Positive 69 (9.6%) 88 (12.3%)

PAMS0, n (%) <0.001
LumA 373 (35.6%) 191 (18.2%)
LumB 99 (9.5%) 107 (10.2%)
HER2 27 (2.6%) 55 (5.3%)
Basal 23 (2.2%) 172 (16.4%)

Menopause status, n (%) 0.382
Pre 109 (11.6%) 121 (12.9%)
Post 358 (38.2%) 348 (37.2%)

OS event, n (%) 0.056
Alive 478 (44%) 457 (42%)
Dead 65 (6%) 87 (8%)

DSS event, n (%) 0.082
Yes 35 (3.3%) 50 (4.7%)
No 501 (47%) 481 (45.1%)

PFI event, n (%) 0.135
Yes 65 (6%) 82 (7.5%)
No 478 (44%) 462 (42.5%)

ULBP1, UL16 binding protein 1; BRCA, breast cancer; ER, estrogen receptor; PR, progesterone receptor; PAMS0, prediction analysis of
microarray 50; Lum, lumican; HER2, human epidermal growth factor receptor 2; OS, overall survival; DSS, disease-free survival; PFI,
progression-free interval.
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Table II. Prognostic value of ULBP1 in patients with BRCA determined through both univariate and multivariate Cox regression

analyses.
Univariate analysis Multivariate analysis
Characteristics Total (n) Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Pathologic T stage 1,083
Tl 277 Reference Reference
T2 631 1.336 (0.890-2.006) 0.162 1.115 (0.702-1.770) 0.646
T3 140 1.551 (0.921-2.612) 0.099 1.110 (0.599-2.054) 0.740
T4 35 3.759 (1.959-7.213) <0.001 2.336 (1.077-5.066) 0.032
Pathological N stage 1,067
NO 516 Reference Reference
N1 358 1.947 (1.322-2.865) <0.001 1.646 (1.080-2.508) 0.020
N2 116 2.522 (1.484-4.287) <0.001 2.223 (1.258-3.931) 0.006
N3 77 4.191 (2.318-7.580) <0.001 2.973 (1.413-6.255) 0.004
ULBPI1 1,086
Low 542 Reference Reference
High 544 1.443 (1.046-1.990) 0.026 1.431 (1.007-2.033) 0.046
Pathological M stage 925
MO 905 Reference Reference
M1 20 4.266 (2.474-7.354) <0.001 2.018 (1.053-3.870) 0.034
ULBP1, UL16 binding protein 1; BRCA, breast cancer; CI, confidence intervals.
A . 0 20 40 60 80 100 B
POIntS L 1 1 1 1 1 1 1 1 1 .0 ]
Pathological T stage r T'3. it E
™ T2 I N3 3
Pathological N stage r ! | 2 081
NO | N2 s
ULBP1 r—H-I’g f ©
Low M ; 0.6 1
Pathologic M stage M'O—I 2
> 60 S i
Age I J S 0.4
<60 3
Total points I RS R R R RS B R R ! %
0 100 200 300 400 g 0.2
Linear predictor ————— T @ 1-year
-1.5 -0.5 0.5 1.5 25 @ — g:yea:
1-year survival probability O 0.0 Idgg?line
0.95 0.9 085 T T T T T T
3-year survival probability . —— 60 02 04 06 08 10
09 08 07060504 Nomogram predicted survival probability
5-year survival probability ——
0.8 06 04 02

Figure 5. Overall survival. The construction of a nomogram curve was performed to predict the probability of OS rate of in patients at 1,3 and 5 years. (A) The
predictive factors encompassed T4 stage, N1 stage, N2 stage, N3 stage, M1 stage and ULBP1 expression. (B) Furthermore, the utilization of the nomogram
facilitated the prediction of the 1-year OS in patients with breast cancer, as well as the 3- and 5-year OS. OS, overall survival; ULBP1, UL16 binding protein 1.

ULBP1 expression (Fig. 5A). The combination of pathological
TNM stage and ULBP1 expression was utilized to forecast the
OS of patients with BRCA at different intervals. A bias-corrected
line was constructed to approximate the ideal curve that demon-
strated agreement between predicted outcomes and observed
results at all time points (Fig. 5B). These findings highlight the
significant clinical relevance of ULBP1 in the assessment of the
prognosis of individuals diagnosed with BRCA.

Role of ULBPI in BRCA investigated through gene enrichment
analysis. To delineate potential gene regulatory networks asso-
ciated with ULBPI, the RNA-sequencing data of corresponding
molecules were extracted from TCGA public database and
divided into high and low expression groups, based on ULBP1
molecule expression levels; gene enrichment analysis was
performed, and the ‘ggplot2’ package was utilized to visualize
the results of this analysis. Moreover, GO/KEGG analysis
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Figure 6. Role of ULBPI in BRCA. The role of ULBPI in BRCA was investigated using gene enrichment analysis. (A) The differentially expressed genes were
ranked based on the correlation factor, and subsequently, the gene list underwent Gene Ontology/Kyoto Encyclopedia of Genes and Genomes analysis for clus-
tering purposes. (B) The importance of each gene was calculated using network topology, followed by screening key genes from the gene list. (C) Protein-protein
interaction analysis was performed utilizing the STRING database (https://string-db.org). (D) Heatmaps were used to analyze the expression levels of ULBP2,
ULBP3 and RAETIK in patients with BRCA to demonstrate correlations. "P<0.05. BRCA, breast cancer; ULBP, UL16 binding protein; RAET1K, retinoic acid
early transcript 1K; NCAN, neuron proteoglycan; SOX8, SRY-box transcription factor 8; KRT81, keratin 81; RLBP1, retinaldehyde-binding protein 1; CLDNG6,
claudin-6; COL9AL, collagen type IX alpha 1 chain; RNF182, ring finger protein 182; NFE4, nuclear factor erythroid 4; CCKBR, cholecystokinin B receptor;
CAMKY, CaM kinase-like vesicle-associated protein; TRPMS, transient receptor potential cation channel subfamily M member 8; ART3, ADP-ribosyl

transferase C2 and C3 toxin-like 3.

was employed to classify the gene list. The gene set enrich-
ment analysis indicated the significant enrichment of several
gene functional clusters, including ‘intermediate filament
organization’ (P<0.001), ‘intermediate filament cytoskeleton
organization’ (P<0.001) and ‘intermediate filament-based
process’ (P<0.001) in patients with BRCA with a high expres-
sion of ULBP1 (Fig. 6A). In addition, genes were arranged in
a descending order according to their average resemblance to
other genes. The gene at the top of the list signified the greatest
level of similarity with other genes, suggesting its significant
correlation and potential pivotal function. The data analysis
suggested that ULBP3, neuron proteoglycan (‘NCAN’),
SRY-box transcription factor 8 (‘SOXS’), keratin 81 (‘KRTS8I’),

retinaldehyde-binding protein 1 (‘FRLBP1’), claudin-6
(‘CLDNG®’), collagen type IX alpha 1 Chain ("COL9AT’),
ring finger protein 182 (‘RNF182’), nuclear factor erythroid 4
(‘NFE4’), cholecystokinin B receptor (‘CCKBR’), CaM
kinase-like vesicle-associated protein (CAMKYV’), transient
receptor potential cation channel subfamily M member 8
(‘TRPMS’) and ADP-ribosyl transferase C2 and C3 toxin-like
3 (‘ART3’) may play a crucial role in the functioning of ULBP1
(Fig. 6B). The protein-protein interaction analysis revealed that
ULBPI1 exhibits interactions with both ULBP2 and ULBP3,
while ULBP2 interacts with retinoic acid early transcript 1K
(RAETIK) (Fig. 6C). The expression levels of ULBP2, ULBP3
and RAETIK in patients with BRCA were analyzed using
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Figure 7. Correlations between immune cells and ULBP1. (A) The correlation between infiltrating immune cells and the expression levels of ULBP1 was
investigated in clinical samples from patients with breast cancer, revealing significant associations with various subsets of immune cells. The immune cells
included (B) CD8* T cells, (C) NK cells, (D) DC cells, (E) T cells, (F) macrophages, (G) Th2 cells, (H) Tregs, and (I) Th1 cells. "P<0.05; “P<0.01; "“P<0.001.
ULBP1, UL16 binding protein 1; DC, dendritic cells; Th2, type 2 T helper cell; Treg, regulatory T cell; Thl, type 1 T helper cell; NK, natural killer.

heatmaps to demonstrate associations. The data revealed
significant associations among the expression levels of ULBPI,
ULBP2, ULBP3 and RAETIK in BRCA (Fig. 6D).

expression and tumor immunity is demonstrated in Fig. 7,
where the ssGSEA algorithm was utilized to evaluate the asso-
ciation between the relative abundance of 24 immune cell types
and ULBPI1 expression in BRCA (Fig. 7A). As illustrated in
Fig. 7B-1, various subsets of immune cells exhibited significant
associations with ULBP1 expression, including CD8* T-cells

Correlation between ULBPI expression and tumor
immune-infiltration in BRCA. The correlation between ULBP1
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Figure 9. Correlation analysis. The expression of ULBP1 exhibited a positive correlation with the expression of (A) PDCDI, (B) CD274 and (C) CTLAA4, indi-
cating a potential correlation between ULBP1 and immune checkpoint molecules. ULBP1, UL16 binding protein 1; PDCDI, programmed cell death protein 1;
CD274, programmed cell death ligand; CTLA4, cytotoxic T-lymphocyte-associated protein 4; TPM, transcripts per million.

(P<0.001; R=-0.119), NK cells (P<0.001; R=-0.200), dendritic = demonstrated significantly elevated levels of DC cells, T-cells,
cells (DC) cells (P<0.001; R=0.135), T-cells (P=0.004; Thl cells, Th2 cells and macrophages (Fig. 8C-G).
R=0.086), macrophages (P<0.001; R=0.316), type 2 T helper
(Th2) cells (P<0001 ; R=0.282), regulatory T (Treg) cells  Correlation between tumor immune checkpoints and ULBPI
(P<0.001; R=0.238) and type 1 T helper (Thl) cells (P<0.001;  expression in BRCA. The correlation between tumor immune
R=0.341). checkpoints and ULBP1 expression in BRCA was also examined. A
positive correlation was observed between the expression of ULBP1
Enrichment of immune cells in the ULBPI high and low and PDCDI1 (P=0.001; R=0.096), CD274 (P<0.001; R=0.163), as
expression groups. The Wilcoxon rank-sum test was employed ~ well as CTLA4 expression (P<0.001; R=0.227) (Fig. 9).
to assess the enrichment of immune cells in the ULBP1 high and
low expression groups. The findings revealed that, compared  Assessment of ULBPI expression in BRCA using immu-
with the low expression group, the high ULBP1 expression  nohistochemistry. The expression of ULBP1 in BRCA and
group exhibited significantly reduced levels of CD8* T-cells its corresponding para-cancerous tissue was confirmed
(Fig. 8A) and NK cells (Fig. 8B). Conversely, when compared  using immunohistochemistry. The predominant localiza-
to the low expression group, the ULBP1 high expression group  tion of ULBP protein expression was observed on the cell
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Table III. Association between ULBP1 and clinical features of patients with BRCA.

Characteristics Low expression of ULBP1 High expression of ULBP1 P-value

n 37 37

Pathological T stage 0.355
T1+T2 27 29
T3 +T4 10 8

Pathological N stage 0.831
NO 21 20
NI + N2 + N3 16 17

Pathological M stage 0.792
MO 34 33
Ml 3 4

Pathological stage 0916
Stage I + stage 11 28 27
Stage III + stage IV 9 10

ULBP2 <0.001
+ 24 14
- 13 23

ULBP3 <0.001
+ 22 17
- 15 20

ER status <0.001
Negative 5 17
Positive 32 20

HER?2 status 0.239
Negative 26 29
Positive 11 8

PR status <0.001
Negative 7 19
Positive 30 18

ULBP, UL16 binding protein; BRCA, breast cancer; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2.

Figure 10. Expression of ULBP1 in BRCA tissues and normal tissues. The protein expression level of ULBP1 was evaluated in both (A) adjacent tissues and
(B) BRCA tumor samples. Scale bar, 30 zm. ULBP1, UL16 binding protein 1; BRCA, breast cancer.

membrane of BRCA tissues. The findings demonstrated of BRCA, as well as in 13 out of 74 paired para-cancer
an increase in ULBP1 expression in 37 out of 74 cases normal tissue (Fig. 10). Additionally, the results indicated
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an association between ULBPI1 expression and clinical
indicators among patients with BRCA, including ER status
(P<0.001) and PR status (P<0.001); however, no association
was observed with pathological T stage (P=0.355), patho-
logical N stage (P=0.831), pathological M stage (P=0.792),
pathological stage (P=0.916) or HER2 status (P=0.239).
Furthermore, there was a significant association between
ULBPI1 expression, and both ULBP2 expression (P<0.001)
and ULBP3 expression (P<0.001) in patients with BRCA
(Table III).

Discussion

In both experimental animals and patients with cancer, the
presence of tumor NKG2D ligands has been positively asso-
ciated with tumor eradication and improved patient survival
rates (20,21). These ligands are recognized by NKG2D
receptors at levels typically higher on tumor cells compared
with surrounding normal tissues, and can be further induced
through gastric cancer therapies (22). Therefore, effective
cancer treatment may directly induce damage to tumor cells in
order to stimulate the expression of NKG2D ligands followed
by subsequent attack from cytotoxic lymphocytes (23).

ULBPI is a ligand that activates the NKG2D receptor,
playing a crucial role in immune regulation. NK cells express
NKG2D as an activating receptor (24). Associated with
major histocompatibility complex class I genes, ULBP1 can
be independently expressed in human cell lines and primary
tumors (25,26). The previous years have witnessed the emer-
gence of molecular targeted therapy and immunotherapy as
significant treatment modalities for BRCA (27). Notably, the
clinical efficacy of immune checkpoint inhibitors has been
demonstrated (28); however, their utilization is limited due to
associated adverse events (29). Consequently, there is a need
for the further investigation of immune-related genes in order
to enhance the prognosis of patients with BRCA (30).

In the present study, based on TCGA database, it was
found that the expression level of ULBP1 was higher in
BRCA tissues compared with normal breast tissue samples.
The upregulation of ULBPI1 expression in BRCA was associ-
ated with advanced clinical pathological parameters such as
age, race, PR expression, ER expression, molecular subtypes
and histological types. Patients with a positive ER/PR status
exhibit a higher cure rate and lower recurrence rate compared
with those with a negative status (31). Subsequently, the results
obtained using bioinformatics were validated through the
collection of clinical patient data at the Zibo Central hospital.
The evidence obtained from immunohistochemical staining
also indicated an association between ULBPI1 expression and
clinical indicators among patients with BRCA. These findings
suggest that ULBP1 plays a pivotal role in the management of
BRCA and can serve as a molecular marker for assessing the
efficacy of endocrine therapy.

Additionally, ULBP1 exhibited a high diagnostic rate and
was identified as an independent prognostic factor through
multivariate regression analysis in BRCA. Furthermore,
through GO and KEGG pathway enrichment analysis, it was
discovered that both ULBP1 and its co-expressed mRNAs were
enriched in certain signaling pathways within tumors, such as
‘intermediate filament organization’, ‘intermediate filament
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cytoskeleton organization’ and ‘intermediate filament-based
process’. Moreover, the data revealed significant associations
among the expression levels of ULBP1, ULBP2 and ULBP3 in
BRCA. Moreover, the evidence obtained from immunohisto-
chemical staining also confirmed that there was a significant
association between ULBP1 expression, and both ULBP2
expression and ULBP3 expression in patients with BRCA.
The presented evidence suggests that ULBPs, namely ULBPI,
ULBP2 and ULBP3, exhibit co-expression in BRCA, and
possess the ability to interact synergistically with each other.

Immunotherapy utilizing immune checkpoint inhibitors
has demonstrated notable efficacy in tumor treatment and has
enhanced the prognosis of patients with cancer, particularly
with CD274/PD-1 inhibitors (32). In the present study, correla-
tion analysis revealed significant associations between ULBP1
and CD274,CTLA4,PD-1 (PDCD]1), as well as various subsets
of immune cells including DC cells, T-cells, macrophages, Th2
cells, Treg cells and Thl cells. However, a negative association
was observed with CD8* T-cells and NK cells. These findings
suggest a correlation between ULBP1 and immune infiltration,
as well as immunosuppression within the microenvironment
of BRCA tumors.

In conclusion, the present study suggests an association
between ULBP1 and tumor immune response, highlighting
its potential as an attractive candidate for immunotherapeutic
interventions in BRCA. This biomarker holds promise in the
prediction and diagnosis of BRCA. However, future research
endeavors are required to validate the cellular functionality of
ULBPI1.
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