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Introduction

Breast cancer (BC) is currently the most common mali-
gnant tumor in the world, and its incidence is still increa-
sing (1, 2). According to statistics, there were 287,850 new 
female BC cases and 43,250 deaths in the United States in 
2022 (3). With the deeper study of BC, a variety of treat-
ments have been used in clinical settings, such as surgery, 
chemotherapy, radiotherapy, endocrine therapy, targeted 
therapy, and immunotherapy. Although the diagnosis and 
treatment of BC have made great progress, the mortality 
and recurrence rate are still high (4). Therefore, it is neces-
sary to further explore the biomarkers that affect the pro-
gnosis of BC in order to find new therapeutic targets.

Dr. James P. Allison and Dr. Tasuku Honjo won the 
2018 Nobel Prize in Physiology and Medicine for their 
discoveries in the immune checkpoint proteins cytotoxic T 

lymphocyte-associated antigen 4 (CTLA-4) and program-
med death-1 (PD-1). With the in-depth study of immunoas-
say targets, the successful development and application of 
receptor antagonists or immunoassay target inhibitors pro-
vide a new scheme for the treatment of hematological and 
solid tumors (5, 6). In the past 20 years, the widespread 
use of endocrine and targeted therapy has significantly im-
proved the prognosis of patients with BC, but the progno-
sis of triple-negative BC is still poor due to the inability to 
receive endocrine therapy and targeted therapy. The emer-
gence of immunotherapy provides a new direction for the 
treatment of triple-negative BC. At the same time, existing 
studies have found that combined immunotherapy can also 
improve the prognosis of hormone receptor (HR)-positive 
and Her-2 (erbb-2) receptor-positive BC (7). At present, 
looking for biomarkers that can predict the responsiveness 
of immunotherapy and the target population is a key point 
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of immunotherapy.
The TIM23 complex is a transporter located on the 

mitochondrial membrane, which is responsible for trans-
porting the proteins in the cytoplasm to the mitochon-
drial inner membrane and mitochondrial matrix (8). The 
complex is composed of three intimal proteins, TIM50, 
TIM23, and TIM17, and is powered by a mitochondrial 
matrix motor and ATP (9). TIMM17B, one of the subu-
nits of TIM17, is edited by the TIMM17B gene and is 
responsible for recruiting sequence pre-translocase-rela-
ted motors (PAM) and sorting proproteins (IMM) in the 
inner membrane of mitochondria (10). Some studies have 
shown that TIMM17B can interact with EspZ in Esche-
richia coli and inhibit cell death (11, 12). Some studies 
have also shown potential tumorigenicity in the TIM23 
complex (13). However, there is no in-depth study on the 
specific role of TIMM17B in the occurrence and develop-
ment of tumors.

In this study, we analyzed the expression of TIMM17B 
in a variety of tumors in the TCGA database and explored 
the expression and prognosis of TIMM17B in BC. To 
verify the expression of TIMM17B in BC, we analyzed 
it by immunohistochemical staining. To analyze the rela-
tionship between the expression of TIMM17B in BC and 
the classification and prognosis of BC, and to predict the 
possible pathway of TIMM17B in BC. At the same time, 
the correlation between TIMM17B and immune infiltra-
tion and ferroptosis in BC was studied.

Materials and Methods

TCGA data set
Data on BC expression profiles and clinical infor-

mation of patients were downloaded from the TCGA 
database(https://portal.gdc.cancer.gov/) (14). RNA 
sequencing data was converted from FPKM format to 
TPM format, and to log2. TCGA is an open public data-
base and does not require the approval of the Ethics Com-
mittee.

Analysis of the TCGA database
The data of the TCGA database were analyzed by using 

the Xiantao platform (https://www.xiantao.love/), inclu-
ding the correlation between TIMM17B expression and 
clinical phenotype and diagnostic value.

Immune infiltration analysis
The correlation between immune cells and TIMM17B 

was calculated by the GSVA package, and that between 
TIMM17B and tumor immune infiltration was calculated 
by the estimate package.

GO/KEGG
The ClusterProfiler package was used to visualize data 

and the GGploT2 package was used to analyze the Kyoto 
gene and genomic Baike Encyclopedia (KEGG) pathway 
enriched by gene ontology (GO) and co-expression genes.

GSEA
Gene set enrichment analysis (GSEA) was performed 

using the GGplot2 R package (V3.3.3) to demonstrate im-
portant functions and pathways between the two groups. 
Expression levels of TIMM17B were used as phenotypic 
markers. Adjusted p-values < 0.05, enrichment of norma-

lized scores (|NES|) < 1, and false discovery rate (FDR) < 
0.25 were considered significantly different.

Protein-protein associated network
The network diagram of protein-protein interaction was 

drawn by the String database (https://cn.string-db.org/).

Correlation analysis
Correlation analysis between TIMM17B and genes 

using the Xiantao platform was analyzed using the GG-
ploT2 package in R based on the expression of TCGA. Re-
sults with P < 0.05 was considered statistically significant.

IC50
The chemotherapeutic response for each sample was 

predicted based on the largest publicly available pharma-
cogenomics database [the Genomics of Drug Sensitivity 
in Cancer (GDSC), (https://www.cancerrxgene.org/). The 
prediction process was implemented using the R pac-
kage pRRophetic. The samples' half-maximal inhibitory 
concentration (IC50) was estimated by ridge regression 
(15).

Immunohistochemistry staining and pathological cor-
relation analysis of BC tissue microarrays

The BC tissue microarrays (F151Br01, Bioaitech, 
Xi'an, China) collected osteosarcoma tissue samples from 
140 patients. For IHC (Immunohistochemistry) staining, 
BC tissue microarrays were incubated with anti-TIMM17B 
(1:300, 11062-1-AP, rabbit, ProteinTech, Wuhan, China). 
The BC tissue microarrays were analyzed by Image-Pro 
Plus 6.0.

Cell Culture and Transfection
The human BC cell line MCF-7 was bought from 

ATCC. MCF-7 cells were all maintained in Dulbecco's 
modified essential medium (DMEM), supplemented with 
10% fetal bovine serum (FBS, Pricella, Wuhan, China), in 
a 5% CO2 incubator. MCF-7-TAM was induced by 20 μM 
4-hydroxytamoxifen (4-OHT, Calbiochem, Merck Milli-
pore Billerica, MA, USA) incubation of MCF-7 for one 
month.

Western blot
TNBC cells or tissues were lysed by RIPA. The BSA 

method was used for the determination of total proteins, 
and 10 μL protein sample was loaded in the lane at a 
protein concentration of 1 mg/mL. Then, SDS-PAGE 
(12% gel) was performed. After adding the transmem-
brane onto PVDF membranes, membranes were blocked 
with 5% fat-free milk in TBST at room temperature and 
subsequently incubated with the primary antibodies of 
TIMM17B(1:2000) and β-actin(1:5000, GB15003, Servi-
cebio, Wuhan, China) at room temperature for 1.5 h. Then, 
the PVDF membranes were incubated with HRP-conju-
gate secondary antibodies for 1 h at room temperature. 
Signals were detected using an ECL kit.

Statistical analysis
All statistical analyses used R (V 3.6.3). Paired t-test 

and Mann–Whitney U test were used to determine differ-
ences between BC tissue and adjacent normal tissue. Vi-
sualization was performed using the R package GGplot2 
and the clusterProfiler package (version 3.14.3) (for GSEA 
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2).
Based on the analysis of the data in the TCGA tumor 

database, we found that TIMM17B was overexpressed in 
many kinds of malignant tumors (Fig. 1A). Next, we ana-
lyzed the expression of TIMM17B in BC and found that 
the expression of TIMM17B in BC tissues was significant-
ly higher than that in adjacent tissues (Fig. 1B, C). This 
suggests that TIMM17B may be involved in the growth 
and development of tumors.

Subsequently, we studied the correlation between the 
expression of TIMM17B and the clinical manifestations 
of the patients. We found that the expression of TIMM17B 
in T1 tumors was slightly lower than that in T2 and T3 
tumors, but there was no significant relationship with the 

analysis) (16). ROC curve plotting was performed using 
the pROC package (17).

Results

To remove the duplicate samples and retain the samples 
with clinical information, we selected the information of 
1065 patients with BC from the TCGA database for further 
analysis (Table 1). Patients were divided into two groups 
according to the median expression of TIMM17B: high 
expression group and low expression group. It was found 
that the expression of TIMM17B may be related to the T 
stage of BC. Tissues from 121 BC patients were used to 
validate the results of the TCGA database analysis(Table 

Characteristic Low expression of TIMM17B High expression of TIMM17B p
n 532 533
T stage, n (%) 0.013
T1 159 (15%) 116 (10.9%)
T2 298 (28.1%) 317 (29.8%)
T3 58 (5.5%) 79 (7.4%)
T4 16 (1.5%) 19 (1.8%)
N stage, n (%) 0.335
N0 266 (25.4%) 241 (23%)
N1 164 (15.7%) 185 (17.7%)
N2 59 (5.6%) 57 (5.4%)
N3 33 (3.2%) 41 (3.9%)
M stage, n (%) 0.361
M0 470 (51.7%) 419 (46.1%)
M1 8 (0.9%) 12 (1.3%)
Pathologic stage, n (%) 0.062
Stage I 104 (10%) 76 (7.3%)
Stage II 299 (28.7%) 307 (29.5%)
Stage III 108 (10.4%) 130 (12.5%)
Stage IV 7 (0.7%) 11 (1.1%)
Histological type, n (%) 0.181
Infiltrating Ductal Carcinoma 366 (38.2%) 391 (40.8%)
Infiltrating Lobular Carcinoma 109 (11.4%) 93 (9.7%)
PR status, n (%) 0.953
Negative 167 (16.4%) 171 (16.8%)
Indeterminate 2 (0.2%) 2 (0.2%)
Positive 340 (33.5%) 334 (32.9%)
ER status, n (%) 0.348
Negative 121 (11.9%) 116 (11.4%)
Indeterminate 0 (0%) 2 (0.2%)
Positive 388 (38.2%) 390 (38.3%)
HER2 status, n (%) 0.091
Negative 298 (41.6%) 250 (34.9%)
Indeterminate 4 (0.6%) 8 (1.1%)
Positive 73 (10.2%) 84 (11.7%)
Menopause status, n (%) 0.091
Pre 117 (12.2%) 107 (11.2%)
Peri 26 (2.7%) 13 (1.4%)
Post 341 (35.7%) 352 (36.8%)
Age, mean ± SD 57.92 ± 12.92 58.79 ± 13.45 0.280

Table 1. Clinical characteristics of TCGA.
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N stage, M stage, WHO stages age, and pathological clas-
sification of tumors (Fig. 1E-K). At the same time, we 
found that the expression of TIMM17B in Luminal A BC 
was lower than that in Luminal B and Her-2 BC (Fig. 1D). 
Therefore, TIMM17B may have a certain diagnostic value 
in BC, but its expression in BC has little correlation with 
the clinical phenotype of BC.

We analyzed the expression of TIMM17B in tumor 
tissues (Fig.2 B) and normal tissues (Fig.2 A), and found 
that TIMM17B was highly expressed in tumor tissues and 
higher in non-specific invasive BC (Fig.2 C,D). By analy-
zing the expression characteristics of TIMM17B, we found 
that TIMM17B was more highly expressed in Luminal A 
breast cancer, as well as in stage T3-4, stage N2, and stage 
Ⅲ A-B breast cancers, suggesting that the high expression 
of TIMM17B may lead to a worse prognosis (Fig.2 E-I).

We analyzed the diagnostic value of TIMM17B ex-
pression in BC, evaluated its diagnostic value by ROC 
curve, and found that the AUC of TIMM17B was 0.920, 
which had a significant diagnostic value for BC (Fig. 3A). 
The results of time-dependent ROC curve showed that the 
expression of TIMM17B had weak prognostic value in the 
short term, which decreased gradually with time (Fig. 3F). 
Next, we analyzed the diagnostic value of TIMM17B in 

BC classification and found that TIMM17B had no dia-
gnostic value in BC classification (Fig. 3B-E).

By analyzing the correlation between the survival and 
prognosis of BC patients and TIMM17B in the TCGA da-
tabase, we found no correlation between the expression of 
TIMM17B and OS in BC (P > 0.05) (Fig. 4A). At the same 
time, the correlation between the expression of TIMM17B 
and prognosis in different types of BC was analyzed, and 
the expression of TIMM17B was found to have no effect 
on the OS of the Luminal A, Luminal B, and Her- 2 types 

Figure 1. Expression of TIMM17B. (A) pan-cancer, (B)BRCA, (C) 
BRCA and their adjacent tissues, (D) PAM50, (E) histological type, 
(F) T stage, (G) N stage, (H) M stage. (I) pathologic stage, (J) age and 
(K) menopause status.

Characteristics overall
gender, n (%)
female 119 (98.3%)
male 2 (1.7%)
pathologic diagnosis, n (%)
other invasive BC 27 (22.3%)
nonspecific invasive BC 94 (77.7%)
T.stage, n (%)
T2 98 (81%)
T3 12 (9.9%)
T4 7 (5.8%)
T1 4 (3.3%)
N.stage, n (%)
N1 40 (33.1%)
N0 27 (22.3%)
N2 44 (36.4%)
N3 9 (7.4%)
aN 1 (0.8%)
Stage, n (%)
IIB 33 (27.3%)
IIA 24 (19.8%)
IIIA 48 (39.7%)
IIIB 6 (5%)
IIIC 9 (7.4%)
IA 1 (0.8%)
subtype, n (%)
Luminal A 36 (30%)
Her-2 type 33 (27.5%)
Luminal B 30 (25%)
TNBC 19 (15.8%)
* 2 (1.7%)

Table 2. Clinical characteristics of BC tissue microarrays.

Figure 2. Expression of TIMM17B in BC tissue microarrays. (A) 
normal, (B) tumor, (C) BC and their adjacent tissues, (D) pathologic 
diagnosis, (E) subtype, (F) age, (G)T stage, (H)N stage, (I) pathologic 
stage.



173

Mingting Duan et al. / TIMM17B as a Marker of Breast Cancer, 2023, 69(3): 169-176

of BC (P > 0.05) (Fig. 4B-D). In Basal BC, the high ex-
pression of TIMM17B significantly led to a worse progno-
sis (P < 0.05). It is suggested that TIMM17B is of signifi-
cant value in predicting the prognosis of basic BC.

According to the median of TIMM17B expression data 
in the TCGA database, we divided TIMM17B into high-
expression and low-expression groups and analyzed the 
difference in genes between the two groups (Fig. 5A). The 
differentially expressed genes with low and high expres-
sion were analyzed. The results of GO and KEGG enrich-
ment analysis showed that TIMM17B was enriched in 
cell differentiation and hormone activity (Fig. 5B, C). The 
results of GSEA enrichment of differential genes showed 
that TIMM17B was significantly enriched in the cell cycle 
and extracellular stimulation response pathway (Fig. 5D). 
We also detected the proteins interacting with TIMM17B 
through the string database and found that TIMM17B inte-
racted with proteins such as TIMM44 and TIMM50 (Fig. 
5E). It is suggested that the expression of TIMM17B may 
be related to the growth of cells.

We evaluated the correlation between the expression of 
TIMM17B and 22 immune cells in BC by GSVA package. 
As shown in Fig. 6A, the expression of TIMM17B has 
a significant negative correlation with Tcm and T helper 
cells. The interstitial and immune scores of BC were eva-
luated by the estimation method, and the results showed 
a significant negative correlation between the expression 
of TIMM17B with interstitial scores and immune scores 
(Fig. 6B, C). In order to predict the correlation between 

TIMM17B expression and immune response, the correla-
tion between TIMM17B expression and immune check-
points such as CD274, CTLA4, HAVCR2, LAG3, PDCD1, 
PDCD1LG2, TIGIT, and SIGLEC15 was analyzed (Fig. 
7). The expression of TIMM17B was negatively correlated 
with CD274, HAVCR2, LAG3, PDCD1LG2, and TIGIT, 
and positively correlated with the expression of CTLA4, 
PDCD1, and SIGLEC15.

We used the GDSC database to predict the half resis-
tance concentration (IC50) of TIMM17B with some com-
mon chemotherapeutic agents and endocrine therapeu-
tics for breast cancer (Fig.8). We found that TIMM17B 
may lead to tamoxifen resistance in breast cancer when 
TIMM17B is highly expressed. By detecting the expres-

Figure 3. Diagnostic and prognostic value of TIMM17B.  The ROC 
curve shows the AUC value of TIMM17B for (A) breast cancer. (B) 
Luminal A, (C) Luminal B, (D)Her-2, (E) Basal of PAM50, (F) The 
time-dependent ROC curve shows the AUC value of TIMM17B.

Figure 4. Prognostic value of TIMM17B. The Kaplan-Meier survival 
curve shows the OS of breast cancer patients. (A) BRCA, and (B)
Luminal A, (C) Luminal B, (D) Her-2, (E)Basal ofPAM50.

Figure 5. Function enrichment analysis of TIMM17B co-expressed 
genes. (A) The volcanic map shows the co-expression genes of 
TIMM17B in BRCA, (B) GO enrichment analysis for TIMM17B co-
expressed genes,  (C) KEGG enrichment analysis for TIMM17B co-
expressed genes, and (D) GSEA enrichment analysis for TIMM17B 
co-expressed genes. (E)TIMM17B associated protein network in 
string database.

Figure 6. TIMM17B affects immune cell infiltration in BRCA 
patients. (A) The lollipop chart shows the relationship between 
TIMM17B expression and the abundance of 24 kinds of immune cells 
in BRCA. Correlation between TIMM17B and (B) StromalScore,(C) 
ImmuneScore in BRCA. 
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sion of TIMM17B in MCF-7 and its corresponding ta-
moxifen-resistant strain MCF-7-TAM, we found that 
TIMM17B was highly expressed in MCF-7-TAM(P<0.05) 
(Fig.8A-C). High expression of TIMM17B was found to 
lead to increased IC50 for docetaxel, paclitaxel, doxoru-
bicin, and 5-fluorouracil (Fig.8 D-G), while there was no 
correlation with IC50 for the aromatase inhibitor letrozole 
(Fig.8 H). This suggests that TIMM17B is closely associa-
ted with drug resistance in breast cancer.

Ferroptosis is a newly discovered mechanism of cell 
death recent years, which is closely related to malignant 
tumors (18). To study the correlation between TIMM17B 
and ferroptosis, we analyzed the correlation between 

TIMM17B and the expression of key enzymes in ferrop-
tosis (Fig. 9). TIMM17B was positively correlated with 
GPX4 (r = 0.459, P < 0.001) and negatively correlated with 
ACSL4 (r = 0.442, P < 0.001) and NFE2L2 (r = 0.408, P < 
0.001) (Fig. 9J, K). This suggests that TIMM17B may be 
involved in the regulation of ferroptosis.

Discussion

TIMM17B, located on the X chromosome, is one of the 
subunits of TIM17 and forms the TIM23 complex, which 
is responsible for transporting cytoplasmic proteins on the 
mitochondrial membrane (8-10, 19). At present, the re-
search on TIMM17B is mostly focused on the basic func-
tion of TIMM17B and cells. Some studies have shown that 
the function of TIMM17B is related to cellular inflamma-
tion and stress (20). According to our analysis of the data 
in the TCGA database, we found that the high expression 
of TIMM17B is associated with a variety of tumors, inclu-
ding lung, liver, and ovarian cancers and other malignant 
tumors, and that there is also a significantly high expres-
sion of TIMM17B in BC. Although the high expression of 
TIMM17B in BC is not related to TNM stage, genotyping, 
and age, we found that the expression of TIMM17B has si-
gnificant diagnostic value in BC. Moreover, in triple-nega-
tive BC, we found that the high expression of TIMM17B 
significantly led to a worse prognosis. Therefore, targe-
ted therapy for TIMM17B may improve the prognosis of 
triple-negative BC.

Advances in immunotherapy provide new possibilities 
for the treatment of BC, especially triple-negative BC, 
especially with the clinical application of PD-1/PD-L1 
inhibitors, which are considered to significantly improve 
the prognosis of triple-negative BC (21-23). The applica-

Figure 7. The relationship between TIMM17B expression and the 
immune checkpoints of BRCA. (A) CD274, (B) CTLA4, (C) HA-
VCR2, (D) LAG3,(E) PDCD1,(F) PDCD1LG2,(G) TIGIT and (H) 
SIGLEC15.

Figure 8. The relationship between TIMM17B expression and IC50.  
(A) Tamoxifen(B)TIMM17B expression in MCF-7 and MCF-7-TAM 
(C) TIMM17B was highly expressed in MCF-7-TAM (D) Docetaxel, 
(E) Paclitaxel, (F) Doxorubicin, (G) 5-Fluorouracil, (H)Lenalidomide.

Figure 9. The relationship between TIMM17B expression and fer-
roptosis key enzymes (A) GPX4, (B) ATP5MC3, (C) SAT1, (D) 
FANCD2, (E) GLS2, (F) PTGS2, (G)SLC7A11, (H) TFRC, (I) 
NCOA4, (J) ACSL4, and (Q) NFE2L2.



175

Mingting Duan et al. / TIMM17B as a Marker of Breast Cancer, 2023, 69(3): 169-176

bility of immunotherapy depends on the tumor immune 
microenvironment and the expression of immune targets 
(24). At present, no studies have shown that TIMM17B 
is related to immunity. In this study, we found a negative 
correlation between TIMM17B and immune infiltration in 
BC, and with the expression of multiple immune targets, 
indicating that TIMM17B may have an inhibitory effect on 
immune infiltration in BC. Therefore, targeted TIMM17B 
may reverse the suppression of the immune microenviron-
ment in BC.

Drug resistance in breast cancer is one of the main 
causes of poor prognosis in breast cancer (25, 26). The 
mechanisms associated with drug resistance in breast can-
cer are not yet clear. By predicting the IC50 of chemothe-
rapeutic agents commonly used in breast cancer, we found 
that high expression of TIMM17B may lead to resistance 
to doxorubicin, paclitaxel, 5-fluorouracil, docetaxel, and 
the hormone therapy drug tamoxifen, which are com-
monly used in breast cancer. This suggests that targeting 
TIMM17B may reverse drug resistance in breast cancer 
and improve the prognosis of breast cancer patients, and 
provides a new direction for the study of drug resistance 
mechanisms in breast cancer.

Ferroptosis is a newly discovered mode of cell death 
in recent years, which is characterized by iron-dependent 
lipid peroxidation (27). Evidence suggests that the occur-
rence of BC is related to ferroptosis, and the inhibition 
of ferroptosis may lead to a poor prognosis of BC (28). 
Glutathione peroxidase 4 (GPX4) is a key enzyme of fer-
roptosis, which can inhibit ferroptosis in cancer cells (29). 
GPX4 is important in the process of ferroptosis, but there 
is a significant positive correlation between the expres-
sion of TIMM17B and GPX4 in this study, indicating that 
TIMM17B may have a negative regulatory effect on fer-
roptosis. At the same time, we found a correlation between 
TIMM17B and a variety of key enzymes regulating fer-
roptosis, indicating that TIMM17B may be closely related 
to the occurrence of ferroptosis (30).

This study still has some limitations. First, we only stu-
died the expression and prognosis of TIMM17B through 
the database, and further research is needed under in 
vitro / animal experiments and clinical sample verifica-
tion. Second, we should design experiments to study how 
TIMM17B regulates immune infiltration and ferroptosis 
in BC.

In conclusion, we found for the first time that 
TIMM17B is significantly overexpressed in a variety of 
malignant tumors, including BC. TIMM17B has a high 
diagnostic value in BC and maybe a diagnostic marker of 
BC. In addition, TIMM17B may help to regulate immune 
infiltration and ferroptosis in BC and may induce the drug 
resistance of BC.

Conclusions
In summary, TIMM17B is of great significance in BC 

and can be used as a potential diagnostic index of BC. In 
addition, TIMM17B may regulate immune infiltration, 
drug resistance, and ferroptosis in BC.
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