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Abstract
Neoadjuvant chemotherapy (NAC) is widely used in patients with TNBC, but there are significant
differences in the efficacy of chemotherapy in different patients. Stromal tumor infiltrating lymphocytes
(sTILs) have been widely studied as biomarkers reflecting the therapeutic effect of NAC. As a tumor-
associated gene, UBR5 has been found to be associated with chemotherapy sensitivity and prognosis of
many cancers. This is the first time that we have combined UBR5 and sTILs to evaluate the
chemotherapy efficacy of patients with TNBC treated with NAC and to study the correlation between
sTILs and UBR5.

Methods

SPSS was used to analyze the correlation between UBR5 and sTILs and clinicopathological data. Then
doxorubicin and mitoxantrone treated mouse breast cancer cells to explore the relationship between
UBR5 expression and chemotherapeutic drug sensitivity. Finally, R language analyzes the relationship
between UBR5 and immune-related genes and immune score.

Results

In patients with TNBC treated with NAC, the expression level of UBR5 and the degree of infiltration of
sTILs are independent factors that affect whether the patient can achieve PCR and the expression
between the two is negatively correlated. UBR5 expression can cause mouse breast cancer cells to
develop resistance to doxorubicin and mitoxantrone. At the same time, UBR5 is also highly correlated
with a variety of immune-related genes and immune scores.

Conclusion

UBR5 and sTILs can jointly predict the efficacy of NAC in patients with TNBC. At the same time, the
expression of UBR5 is also an important reason for chemotherapy resistance in patients with TNBC.

Background
Triple negative breast cancer (TNBC) is a highly metastatic and invasive subtype of breast cancer with a
poor overall prognosis[1]. Because TNBC does not express human epidermal growth factor receptor 2,
estrogen receptor and progesterone receptor (HER2, ER and PR, respectively)[2], chemotherapy is still the
mainstay treatment method for most patients with TNBC [1]. In addition, neoadjuvant chemotherapy
(NAC) is widely used to treat these patients, one-third of which can be treated with standard NAC to
achieve pathological complete remission[3] (PCR). However, due to the high degree of malignancy of
TNBC, many patients who have undergone standard NAC treatment still have tumor progression during
treatment, and even lose the opportunity for surgery. Therefore, it is particularly important to be able to
evaluate the efficacy of NAC early and to screen out patients with poor chemotherapy sensitivity for
intensive treatment.
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Due to the genomic instability of TNBC and high tumor mutation burden, the degree of infiltration of
stromal tumor infiltrating lymphocytes (sTILs) in TNBC is higher than that of other breast cancer
subtypes[4, 5]. sTILs play an important role in the anti-tumor immune response and have been widely
studied as biomarkers for predicting the prognosis of patients with TNBC and the efficacy of
chemotherapy in patients receiving NAC[6].

The UBR5 gene is a member of the E3 ubiquitin ligase family and is also a tumor-related gene, which has
received extensive attention in recent years[7]. Data from the TCGA database shows that UBR5 is
abnormally expressed in many types of cancers and is closely involved in various cellular functions, such
as DNA damage repair, immune response, transcription regulation, and the cell cycle[8–11]. UBR5 is also
related to chemotherapy sensitivity and the prognosis of various cancers, such as prostate cancer and
ovarian cancer[12–14]. However, little is known about the expression levels of UBR5 in patients with TNBC.
Additionally, whether UBR5 expression in cancer tissues of patients with TNBC is associated with the
chemotherapy sensitivity and prognosis remains unclear. It is also unclear whether UBR5 expression and
the degree of infiltration of sTILs in puncture specimens can be used to evaluate the efficacy of NAC and
prognosis. To address this gap, we explored the correlation between the expression level of UBR5 and the
degree of sTILs infiltration in clinical patients with TNBC to evaluate the efficacy of NAC treatment and
the prognosis of patients. At the same time, in cell experiments, we also conducted experiments on the
influence of UBR5 expression level on the sensitivity of chemotherapy drugs. Finally, we used
bioinformatics analysis to find the genes related to UBR5 expression and immune cell infiltration and the
relationship between UBR5 expression and immune score.

Method
Patient Background

Our study included 185 pathologically confirmed patients with TNBC who received systematic treatment
in Xiangya Hospital of Central South University from April 2015 to April 2019. Exclusion criteria included
a past history of breast cancer, breast cancer during pregnancy, and breast cancer patients with distant
metastases at the first diagnosis. Patients with acute or chronic injuries (inflammation), blood diseases,
and metabolic diseases were also excluded. We collected patient clinical pathological data, including
tumor size, lymph node staging, histological grade, chemotherapy regimen, and proliferation index (KI-
67%). Among these patients, 81 patients with TNBC received 4 cycles of NAC therapy, mainly based on
anthracyclines. PCR was defined as patients with no invasive tumor or only residual ductal carcinoma in
situ (DCIS) of the breast. All patients received surgical treatment (modified radical mastectomy or radical
surgical resection of breast cancer plus sentinel lymph node biopsy). Disease free survival (DFS) is the
time between the disease progression or the last follow-up time and the day of surgery. The last follow-up
time was August 2020. Patient follow-up lasted for 3 to 64 months (median 33 months), wherein 46
patients experiences recurrence or distant metastasis. The average time for recurrence/metastasis was
11.9 months. The study was approved by the ethics committee of Xiangya Hospital.
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sTILs Score

 We selected the puncture specimen of the patient's first visit to determine the degree of sTILs infiltration.
sTILs are scored based on the percentage of lymphocytes in the stromal area, and the score does not
consider the area occupied by cancer cells. sTILs also do not include tumor infiltration, DCIS, and
lymphocytes at the border of normal lobules[5]. The scoring criteria for sTILs was as follows: (a) Low level
of sTILs infiltration (0-10% sTILs); (B) High level of sTILs infiltration (> 10% sTILs) (Figure 2).

Immunohistochemistry

Postoperative specimens were collected for the detection of UBR5 protein in cancer cells and CD8 protein
in T cells. Paraffin-embedded specimens from patients with TNBC were obtained from the Department of
Pathology, Xiangya Hospital, Central South University. Monoclonal antibodies against UBR5 (Abcam,
ab70311) and CD8 (Boster, BM4379) were used for immunohistochemical analysis. The tissue section (5
mm) was deparaffinized in xylene and rehydrated with distilled water. EDTA (ZSGB-BIO, pH 9.0) was used
for antigen retrieval, and 3% H2O2 was used to remove endogenous peroxidase. After incubating at 4°C
overnight, the antigen-antibody reaction was detected with a secondary antibody kit (ZSGB-BIO, PV9001),
and finally the tissue slide was counterstained with hematoxylin, dehydrated, and fixed. The section
without primary antibody was used as a negative control for staining. Two pathologists independently
performed immunohistochemical scoring. At 400X magnification, five areas of each slice were randomly
selected. One of the criteria for the positive expression of UBR5 is the appearance of transparent brown
particles in the cytoplasm or nucleus of cancer cells. One of the criteria for positive CD8 expression is that
transparent yellow particles can be seen on the mesenchymal T cell membrane. In order to semi-
quantitatively analyze the immunostaining results of UBR5 and CD8, the product of the staining intensity
score and the percentage of positive cells was selected as the final result. The staining intensity was
scored from 0 to 3 (0, none; 1, weak; 2, moderate; 3, strong), and the percentage of positive cells was
scored from 0 to 4 (0, none; 1, <10%; 2. From 10% to 50%; 3. From 51% to 80%; 4.> 80%). A final score of
0-1 is considered low expression; a score greater than 1 is considered high expression.

Drug Sensitivity Test

The cell lines used in this study were obtained from the ATCC cell bank. Drug sensitivity experiments were
performed with the 4T1/GFP mouse breast cancer cell line and the existing 4T1/Ubr5-/- cell line with
stable UBR5 knockout. Briefly, 5×103 cells per well were seeded into 96-well tissue culture plates. After
overnight culture, different concentrations of the chemotherapeutic drugs, Doxorubicin or Mitoxantrone,
were added to the medium. Following incubation for 72 hours, the cell viability was measured by the
sulforhodamine B (SRB) assay as follows: the cells were fixed with 10% trichloroacetic acid at 4°C for 30
minutes, and then stained with 0.4% (w/v) SRB in 1% acetic acid solution for 30 minutes. Then, the SRB
was removed, and the tissue culture plate was washed with 1% acetic acid for 5 minutes. Finally, 10 mM
Tris buffer was used to dissolve the bound SRB, and the absorbance (OD) was measured at 510 nm on a
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microplate reader. The half of the maximum inhibitory concentration (IC50) was deteremined based on
the growth inhibition curve.

Bioinformatics Analysis

The original mRNA expression data of breast cancer was downloaded from the TCGA database
(https://portal.gdc.cancer.gov/). A total of 1222 specimens were analyzed, including 113 normal
specimens and 1109 cancer specimens. Using ssGSEA, the expression levels of all genes in the selected
TNBC samples were first sorted to obtain their rank among all genes. Then, we find and count the genes
present in the expression data of immune cell infiltration and immunoregulatory pathways from all genes
and sum the expression levels of these genes. Then, based on the above evaluation, the enrichment score
of each gene in the pathway was calculated. The gene order was disrupted in order to recalculate the
enrichment score and repeated a thousand times, ultimately yielding a p value according to the
distribution of the gene enrichment score and integrate the final enrichment score of the relevant gene
set. For the candidate genes that affect immune infiltration in the sample, we used the R language to
screen candidate genes related to UBR5. The condition of the correlation threshold filter is that the
absolute value of the correlation coefficient is greater than 0.3 and p <0.001. Finally, the immune score
and stromal score are calculated based on the ESTIMATE algorithm, and the correlation coefficient
between UBR5 expression and immune score is calculated and a scatter diagram is drawn.

Statistical Analysis

Pearson’s chi-squared test or Fisher's exact test were used to determine the relationship between UBR5
expression, sTILs, and other indicators and clinicopathological parameters of patients with TNBC. The
Kaplan-Meier curve was used to compare survival results, and the Cox regression model was used to
compare prognostic factors related to DFS. The correlation between the two variables was evaluated by
the Spearman rank correlation coefficient test. A p value <0.05 or <0.001 was considered statistically
significant. Statistical analysis was performed using SPSS version 23.0.

Results
Inclusion of Patient Information

We initially enrolled 199 patients with TNBC in our study, but excluded 3 patients with breast cancer
during pregnancy, 6 patients with distant metastasis at first diagnosis, and 5 patients with acute and
chronic inflammation. Finally, 185 patients with TNBC were included in our study. Among them, 81
patients received 4 cycles of NAC treatment, and 13 patients achieved PCR (Figure 1).

The relationship between UBR5 expression, sTILs and clinicopathological factors

From the 185 cases of TNBC, including 44 cases of low UBR5 expression and 141 cases of high UBR5
expression. The infiltration level of CD8+ T cells is an influencing factor affecting the expression of UBR5
in patients (p=0.009<0.05; Table 1). A total of 81 patients with TNBC were treated with NAC, the level of
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CD8+ T cells and sTILs infiltration are factors that affect whether the patients can achieve PCR (p=0.016;
p=0.010, respectively; Table 1).

UBR5 and sTILs are independent factors affecting PCR in patients with TNBC treated with NAC

In our study, 81 patients with TNBC received NAC treatment. There were 25 patients in the low UBR5
expression group with a PCR rate of 33.3%. There were 56 patients in the high UBR5 expression group
with a PCR rate of 9.8%. Patients with low UBR5 expression tended to have better PCR (p = 0.018; Table
2). There were 52 patients in the low sTILs infiltration group with a PCR rate of 7.7%. There were 29
patients with high sTILs infiltration with a PCR rate of 31.0%. Patients with high sTILs infiltration tended
to have better PCR (p = 0.010; Table 2). Multivariate analysis showed that in patients with TNBC treated
with NAC, the expression level of UBR5 and the degree of sTILs infiltration were independent factors
affecting PCR (p=0.039; p=0.037, respectively; Table 3).

Prognostic analysis of patients with TNBC who received NAC treatment and did not reach PCR

Survival analysis showed that tumor size and lymph node staging were independent factors that
influenced the DFS rate of patients (p=0.020; p=0.010, respectively). However, the expression of UBR5 and
the degree of sTILs infiltration were not independent factors that affected DFS of patients receiving NAC
treatment but not achieving PCR.

Prognostic analysis of patients with TNBC

Our analysis revealed that the DFS rate of patients with high UBR5 expression was significantly lower
than that of patients with low UBR5 expression (59.5% vs. 91.7%). Compared to patients with low sTILs
infiltration, patients with high sTILs infiltration had a significantly higher DFS rate (82.8% vs. 62.6%). The
DFS rate of patients with different tumor sizes (P = 0.011) and the DFS rate of patients with different
lymph node stages (P = 0.020) were also significantly different. In the Cox analysis, UBR5 expression,
degree of sTILs infiltration, tumor sizes, and lymph node stages were independent factors that influenced
the DFS rate in patients with TNBC (P <0.05) (Table 5).

Correlation analysis between UBR5 and sTILs

In 185 patients with TNBC, Spearman correlation analysis showed that the expression of UBR5 was
negatively correlated with the degree of infiltration of sTILs. (R=-0.174, p=0.018<0.05) (Table 6).

Drug sensitivity test

We used two chemotherapy agents, doxorubicin and mitoxantrone, to conduct drug sensitivity
experiments on breast cancer cells. The 4T1/Ubr5-/- cells were 18 times more sensitive to doxorubicin
than the 4T1/GFP cells, with an IC50 of 480.24nM and 27.34Nm, respectively (Figure 3a). The two groups
of cells were treated with also treated with the chemotherapeutic drug, mitoxantrone. The 4T1/Ubr5-/-
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were 19 times more sensitive to mitoxantrone than the 4T1/GFP cells, with an IC50 of 0.001401uM and
0.027504uM, respectively (Figure 3b).

Bioinformatics Analysis

Bioinformatics analysis of the TNBC samples revealed enrichment of genes related to a variety of
immune cell infiltration and immunoregulatory pathways, such as T cell and B cell infiltration and
immune checkpoint regulation (Figure 4a). By analyzing the correlation between UBR5 and immune gene
expression in the TNBC samples, we found that UBR5 expression was positively correlated with
TMEM184C, SMAD2, TGFBRAP1, BMPR2, NFAT5, REL, and SSH1 gene expression (ⅠrⅠ>0.3, p<0.001). The
expression of UBR5 was negatively correlated with the expression of the genes TNFSF12 and VAMP5
(ⅠrⅠ>0.3 & p<0.001) (Figure 4b). The immune score and matrix score calculated based on the ESTIMATE
algorithm can promote the quantification of immune and matrix components in tumors. By analyzing the
correlation between UBR5 expression and immune scores, we found that the expression of UBR5 is
negatively correlated with the three immune scores, StromalScore, ImmuneScore, and ESTIMATEScore
(Figure 4c).

Discussion
The results of the study showed that in patients with TNBC treated with NAC, the expression level of
UBR5 and the degree of infiltration of sTILs are independent factors that affect whether the patient can
achieve PCR. Drug sensitivity experiments have found that the expression of UBR5 can cause mouse
breast cancer cells to develop resistance to doxorubicin and mitoxantrone. In patients with TNBC who
received NAC treatment and did not reach PCR, the expression of UBR5 and the degree of sTILs
infiltration were not independent factors affecting DFS. In patients with TNBC, the independent factors
influencing DFS were UBR5 expression, degree of sTILs infiltration, lymph node stage, and tumor size (P
<0.05). Spearman correlation analysis showed that the expression of UBR5 in patients with TNBC was
negatively correlated with the degree of sTILs infiltration . Bioinformatic analysis revealed that UBR5 is
highly correlated with a variety of immune-related genes and immune scores. Numerous studies have
proven sTILs to be reliable, inexpensive, and easily available immune markers for anti-tumor immunity in
breast cancer[6]. Our study found that sTILs are a prognostic indicator in patients with TNBC and an
effective predictor of the efficacy of patients with TNBC receiving NAC. This is consistent with the results
of many studies. An analysis of 2148 patients with early TNBC confirmed that high sTILs infiltration has
better prognostic value[15], and the results of other studies also support this conclusion[16–19]. In patients
with TNBC treated with NAC, high sTILs infiltration is highly correlated with better PCR in patients[19–22].
There are similar findings in early HER2-positive breast cancer. sTILs can be used as a prognostic
biomarker to identify early HER2-positive breast cancer with a low risk of recurrence[23]. Baseline sTILs in
pre-NAC core needle biopsy specimens were significantly correlated with the PCR and prognosis of HER2-
positive breast cancer. Infiltration of more than 20% sTILs is a feasible diagnostic indicator for predicting
the PCR and prognosis of patients with HER2-positive breast cancer receiving NAC treatment[24].
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Additionally, it has been reported that trastuzumab treatment is more effective with high sTILs infiltration
in patients with metastatic HER2-positive breast cancer[23]. However, some studies have shown that the
increased sTILs infiltration after NAC is related to circulating tumor cell (CTC), which is found to be an
unfavorable prognostic factor[25].

UBR5 is also a nuclear phosphate protein with unclear function. UBR5 amplification and overexpression
occur in more than 20% of breast cancer cases and UBR5 overexpression significantly reduces the
survival time of patients with breast cancer[14]. Simultaneous targeting of UBR5 and PD-L1 in animal
models has shown powerful therapeutic benefits for tumor-bearing hosts[14]. In breast cancer, UBR5 is co-
amplified with MYC, thereby limiting MYC-dependent apoptosis of cancer cells[12]. In pancreatic cancer,
UBR5 downregulates FBP1 by downregulating the expression of C/EBPa, thereby promoting the growth of
cancer cells[13]. In gallbladder cancer, UBR5 can promote tumor growth by affecting the PTEN/PI3K/Akt
signaling pathway[26]. In laryngeal cancer, UBR5 regulates the proliferation and radiosensitivity of cancer
cells through the p38/MAPK signaling pathway[27]. UBR5 overexpression is also a poor prognostic
indicator of gastric cancer, colon cancer, and lung cancer[28–33]. Our research results show that UBR5
expression is an independent factor that influencs whether patients with TNBC undergoing NAC treatment
achieve PCR, and also influences DFS in patients with TNBC. UBR5 expression plays an important role in
the occurrence and development of different cancers, and its regulatory network is complex. In different
tumors, the high levels of UBR5 expression is often highly correlated with worse prognosis and
chemotherapy effect. Therefore, UBR5 is worthy of further research.

While investigating whether the expression of UBR5 affects the drug sensitivity of TNBC cells, we found
that the high UBR5 expression group had significant doxorubicin and mitoxantrone resistance. In breast
cancer, overexpression of UBR5 stabilizes β-catenin signaling, leading to poor prognosis and tamoxifen
resistance in ER-positive breast cancer[34]. In prostate cancer, UBR5 activates Wnt/β-Catenin signal
transduction, thereby causing docetaxel resistance[35]. In ovarian cancer, UBR5 downregulates the
expression of MOAP-1, leading to cisplatin resistance in ovarian cancer[36]. Therefore, reducing the level
of UBR5 may result in improved chemotherapy efficacy for patients with TNBC.

To our knowledge, this is the first time that UBR5 and sTILs have been reported to be independent factors
that affect whether patients with TNBC undergoing NAC treatment can achieve PCR, and that they are
negatively correlated. Combining these two indicators provides a more accurate basis to predict the
efficacy of NAC in patients with TNBC. This has important clinical value for the early detection of NAC
efficacy and the decision to shift to intensive treatments for patients with TNBC with poor response to
chemotherapy. However, the correlation between the two indicators is weak, which may be because there
may be an indirect regulatory relationship between the two indicators.

The tumor microenvironment is composed of tumor cells, immune cells, stromal cells, and other cellular
components and their secreted cytokines. It is regulated by the signaling pathways of tumor oncogene
activation and/or tumor suppressor gene inactivation, and is related to tumor, Invasion, metastasis and
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treatment tolerance are closely related. Previous work of our research group showed that knocking out
UBR5 from the 4T1 TNBC cell line inhibits the expression of E-cadherin, changes the inherent epithelial
characteristics of tumor cells, inhibits mesenchymal epithelial transformation, and inhibits distant
metastasis of breast cancer. Additionally, by reconstructing the tumor microenvironment, knocking out
UBR5 can reduce Treg infiltration, increase DC and CD8+ T cell infiltration, activate anti-tumor immunity,
inhibit tumor growth or completely eliminate tumors. These results suggest that UBR5 regulates the
tumor microenvironment in TNBC and promotes the invasion and metastasis of TNBC and could become
a new therapeutic target for TNBC. However, the mechanism by which UBR5 modulates the TNBC tumor
microenvironment is not clear and requires further investigation[37].

Bioinformatics analysis revealed that the expression of UBR5 was highly correlated with the expression
of genes such as TMEM184C, SMAD2, TGFBRAP1, BMPR2, NFAT5, REL, SSH1, TNFSF12, and VAMP5.
These genes are highly related to immune cell infiltration and immune regulatory pathways. However,
there is still no reliable evidence to prove the correlation between these genes and the degree of sTILs
infiltration. We also found that the expression of UBR5 was negatively correlated with immune scores.
Based on the above evidence, we can know that UBR5 plays an important role in the regulation of the
immune system and the infiltration of immune cells. However, whether UBR5 can indirectly affect the
infiltration level of sTILs by influencing the expression of immune-related genes and regulating the
immune microenvironment is worthy of further investigation. This adds more information to our
continued in-depth study of the regulation mechanism of UBR5 and the tumor microenvironment.

This study has certain defects. Firstly, as a retrospective clinical study, some confounding factors may
affect the results of experimental. Second, due to the availability of clinical patient samples, this study is
a small sample study, Therefore, in order to achieve a wide range of clinical applications, we need a larger
sample size to verify the above conclusions.

Conclusion
The status of UBR5 expression and sTILs infiltration can be used to predict the efficacy of NAC in
patients with TNBC. This is of great significance for early evaluation of the efficacy of NAC and the
adoption of reasonable clinical measures. However, whether UBR5 can affect sTILs infiltration by
regulating immune-related genes requires further investigation. UBR5 overexpression is also associated
with chemotherapy resistance in patients with TNBC. Therefore, chemotherapy may be more effective to
patients with TNBC following UBR5 knockdown or inhibition. Finally, UBR5 and sTILs are also
independent factors for DFS in patients with TNBC, confirming their importance for predicting the
prognosis of clinical patients.

Abbreviations
NAC: neoadjuvant chemotherapy; TNBC: triple-negative breast cancer; sTILs: stromal tumor infiltrating
lymphocytes; PCR: pathological complete response; NAC: neoadjuvant chemotherapy; DFS: disease-free
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survival; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor
2; DCIS: ductal carcinoma in situ; HR: hazard ratio; CI: confidence interval; CTC: circulating tumor cell
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Clinical Practice Points

Neoadjuvant chemotherapy (NAC) has been widely used in patients with TNBC and has important clinical
value for predicting the efficacy of early NAC treatment to screen out patients with poor response to
chemotherapy. In the tumor tissues of TNBC patients, the expression level of UBR5 and the degree of
infiltration of stromal tumor infiltrating lymphocytes (sTILs) can predict the efficacy of chemotherapy,
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and there was a negative correlation between them. Therefore, the combination of these two indicators
will improve the ability to predict the efficacy of NAC in patients. Bioinformatics analysis shows that the
expression of UBR5 is closely related to immune cells, genes regulated by immune pathways, and
immune scores. Thus, exploration of the relationship between UBR5 expression and the tumor
microenvironment is worthy of further investigation.
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Table 1. Association between UBR5 expression, sTILs infiltration, and clinicopathological factors in
patients with TNBC
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Characteristics Expression of UBR5 p value sTILs Infiltration p-value

  low high   low high  

Tumor size            

≤5 39(88.6) 123(87.2) 0.757 97(85.1) 65(91.5) 0.195

>5 5(11.4) 18(12.8)   17(14.9) 6(8.5)  

LN status            

pN0 37(84.1) 104(73.8) 0.160 86(75.4) 55(77.5) 0.753

pN1-3 7(15.9) 37(26.2)   28(24.6) 16(22.5)  

Grade            

Ⅰ-Ⅱ 26(59.1) 79(56.0) 0.720 70(61.4) 35(49.3) 0.106

Ⅲ 18(40.9) 62(44.0)   44(38.6) 36(50.7)  

CD8+T            

Low 16(36.4) 83(58.9) 0.009 63(55.3) 36(50.7) 0.545

High 28(63.6) 58(41.1)   51(44.7) 35(49.3)  

KI67%            

<50 25(56.8) 78(55.3) 0.861 69(60.5) 34(47.9) 0.092

≥50 19(43.2) 63(44.7)   45(39.5) 37(52.1)  

Chemosensitivity            

PCR 8(33.3) 5(8.8) 0.016 4(7.7) 9(31.0) 0.010

Non-pCR 16(66.7) 52(91.2)   48(92.3） 20(69.0)  

UBR5 and sTILs are factors influencing PCR in patients with TNBC treated with NAC

Table 2. Analysis of factors affecting PCR in NAC-treated patients with TNBC
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Characteristics Number of Non-pCR patients Number of pCR patients P-value

T(cm)        

  ≤5 49 (72.1) 11(84.6) 0.497

  >5 19(27.9) 2(15.4)  

LN        

  pN0 44(64.7) 12(92.3) 0.055

  pN1-3 24(35.3) 1(7.7)  

Grade        

  Ⅰ-Ⅱ 40(58.8) 6(46.2) 0.398

  Ⅲ 28(41.2) 7(53.8)  

KI67%        

  <50 36(52.9) 4(30.8) 0.143

  ≥50 32(47.1) 9(69.2)  

UBR5        

  Low 16(23.5) 8(61.5) 0.016

  High 52(76.5) 5(38.5)  

sTILs        

  Low 48(70.6) 4(30.8) 0.010

  High 20(29.4) 9(69.2)  

CD8+T        

  Low 28(41.2) 9(69.2) 0.063

  High 40(58.8) 4(30.8)  

Total   68 13  

UBR5 and sTILs are factors influencing whether patients with TNBC undergoing NAC treatment achieve
PCR

Table 3. Multivariate analysis of PCR in NAC-treated patients with TNBC
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  B SE Wald P value Exp(B) 95% CI of Exp(B)

UBR5 -1.371 0.666 4.241 0.039 0.254 0.069-0.936

sTILs 1.427 0.683 4.366 0.037 4.166 1.093-15.887

UBR5 and sTIL are independent factors influencing whether patients with TNBC undergoing NAC
treatment can achieve PCR

Table 4. Analysis of factors affecting DFS in patients with TNBC who received NAC treatment but did not
reach PCR

Factor   Univariate Multivariate  

    p-value HR 95%CI P-value

T stage (>5cm vs.≤5cm ) 0.003 2.640 1.165-5.981 0.020

pN stage (pN1-3 vs. pN0 ) 0.001 2.949 1.298-6.697 0.010

Grade (Ⅲ vs. I-II ) 0.627      

KI67% (≥50 vs. <50) 0.702      

UBR5 (high vs. low) 0.007 4.360 1.002-18.968 0.050

CD8+T (high vs. low) 0.650      

sTILs (high vs. low) 0.091      

UBR5 and sTILs are not independent influencing factors of DFS in patients receiving NAC treatment but
not PCR

Table 5. Factors Influencing DFS in patients with TNBC

Factor   Univariate Multivariate  

    p-value HR 95%CI P-value

T stage (>5cm vs.≤5cm ) 0.002 2.466 1.235-4.923 0.011

pN stage (pN1-3 vs. pN0 ) 0.004 2.070 1.123-3.814 0.020

Grade (Ⅲ vs. I-II ) 0.574      

KI67% (≥50 vs. <50) 0.265      

UBR5 (high vs. low) 0.004 3.356 1.194-9.433 0.022

CD8+T (high vs. low) 0.952      

sTILs (high vs. low) 0.003 0.401 0.193-0.836 0.015
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ubr5, sTILs, lymph node staging and tumor size are independent influencing factors of DFS

Table 6. Correlation between UBR5 expression and sTILs infiltration in patients with TNBC

Characteristics   sTILs r P-value

    Low High    

UBR5 Low 20 24 -0.186 0.011

High 94 47    

The expression of UBR5 is negatively correlated with the degree of infiltration of sTILs in patients with
TNBC (r=-0.186; p=0.011)

Figures

Figure 1

Patient inclusion flowchart.
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Figure 2

Immune tissue staining and evaluation of sTILs infiltration. (a) UBR5 positive expression (b) UBR5
negative expression (c) Low sTILs score (0-10% sTILs). (d) High sTILs score (> 10% sTILs).
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Figure 3

Drug sensitivity test. (a) Determination of the sensitivity of TNBC cells to the chemotherapy drug
doxorubicin. (b) Determination of the sensitivity of TNBC cells to the chemotherapy drug mitoxantrone
(MX).
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Figure 4

(4a) The correlation between UBR5 and infiltrating immune cells. The size of the dot represents the
strength of the correlation between genes and immune cells; the larger the dot, the stronger the
correlation, and the smaller the dot, the weaker the correlation. The color of the dot indicates the p value.
The greener the color, the lower the p-value, the more purple the color, the larger the p-value. The bold font
on the left represents the infiltrating immune cells or immunoregulatory pathways related to the
expression of UBR5 in triple-negative breast cancer. p<0.05 was considered statistically significant. (4b)
The relationship between UBR5 and immune-related genes. The red circle represents a positive correlation
between UBR5 expression and its gene expression. The green circle represents that UBR5 expression is
negatively correlated with this gene expression. (4c) The correlation between UBR5 and immune score.
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