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a b s t r a c t 

Breast cancer is currently one of the most common malignant tumors in women. Our previous research found that 

thymic dysfunction has a certain relationship with the occurrence and development of breast cancer. In order to 

explore whether the functional status of thymus is related to the development and metastasis of breast cancer, 

we use BALB/c wild type mice (BALB wt), BALB/c nude mice (BALB nu), BALB wt mice implanted with 4T1 

cells (wt 4T1), BALB nu with 4T1 (nu 4T1), D-galactose treatment wt 4T1 mice (D-Gal), Thymalfasin treatment 

wt 4T1 mice (T 𝛼1), Cyclophosphamide treatment wt 4T1 mice (CTX), Doxorubicin treatment wt 4T1 mice (Dox) 

in the research. As a result, nu 4T1, D-Gal and DOX had earlier lung metastases. Gene chip results showed that 

PTM 𝛼 and T 𝛽15b1 were the most up-regulated and down-regulated genes in thymosin-related genes, respectively. 

Overexpression or silencing of PTM 𝛼 and T 𝛽15b1 genes did not affect the proliferation of 4T1 cells. PTM 𝛼 gene 

silenced, cell migration and invasion ability enhanced, while PTM 𝛼 gene overexpression, the cell invasion ability 

weaken. In vivo, PTM 𝛼 gene overexpression promotes tumor growth and lung metastasis in the early stage, 

but has no significant effect in the later stage. T 𝛽15b1 overexpression also promotes tumor growth in the early 

stage, but suppresses in the later stage. T 𝛽15b1 gene silencing inhibits tumor lung metastasis. Thus, our findings 

demonstrated that thymic function affects breast cancer development and metastasis by regulating expression of 

thymus secretions PTM 𝛼 and T 𝛽15b1. Our study provided new directions for breast cancer therapy. 
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Breast cancer is one of the most common malignancies among

omen worldwide, the most common cause of cancer death in women

n underdeveloped areas, and the second among women in more de-

eloped regions. How to prevent breast cancer metastasis has become

ne of the major problems faced by modern medicine [1] . Metastasis

f breast cancer is a complex process involving multiple systems of the

hole body. It mainly includes two aspects: circulatory system and im-

une system. 

Thymus, as the central immune organ of human body, is the site

f oriented differentiation of myeloid/lymphoid cells. It was previously

hought that the thymus was gradually degenerated after puberty and

eplaced by adipose tissue, but studies have found that the thymus of

dults still has the function of T cell reconstruction [2] . Studies have

ound that compared with elderly patients, young breast cancer patients

ith stronger thymus function and immune function tend to have a
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igher degree of malignancy, a lower degree of differentiation, a faster

ourse of disease development and a shorter survival period [ 3 , 4 ]. Thy-

us is mainly composed of thymus cells and thymus stromal cells. The

ormer is the T cells that developed to different stages after pre-T cells

rom bone marrow enter the thymus, while the latter includes epithelial

ells, dendritic cells and macrophages. Lymphocytes, dendritic cells and

acrophages are known to be important in tumor immune remodeling

nd escape, but the relationship between thymus, thymosin and tumor

etastasis has not been systematically reported. 

Thymosin is an important peptide hormone secreted by thymic stro-

al cells mainly composed of thymic epithelial cells. It is mainly com-

osed of two major families, 𝛼 and 𝛽. The current research focuses on

hymosin 𝛼1 (T 𝛼1), Thymosin 𝛽4 (T 𝛽4), Thymosin 𝛽10 (T 𝛽10) and Thy-

osin 𝛽15 (T 𝛽15). In addition, the thymus produces a variety of peptide

hymic hormones, including thymopoietin, thymulin, lymphocyte slim-

lating factor and thymic humoral factor. Thymosin acts on thymocytes,

ifferentiation and maturation into T cells of different subpopulations,
 Gao). 
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nd obtains immunological activity. Review of related literature in re-

ent years, we can find that thymosin may play a two-way regulation

ole in the development of tumors, T 𝛼1 can improve the immune func-

ion of chemotherapy patients [5] , and can induce the blockade of Akt

ignaling pathway in tumor cells and activate the p53 pathway, pro-

otes the expression of CDKI while decreasing the expression levels of

yclins and CDKs, and thus arrests the cell cycle in the G1 phase [6] ,

hile T 𝛼1 can promote angiogenesis [7] . T 𝛽4 can enhance the invasion

nd metastasis of tumor cells and promote angiogenesis [7–9] . T 𝛽10 in-

ibits cell invasion and metastasis and may be a potential progression

arker for multiple tumors [ 10 , 11 ]. T 𝛽15 could be used as a marker

or early diagnosis of prostate cancer, and its expression was also re-

ated to human breast cancer invasion ability [12] . In summary, it can

e found that the role of thymosin in the positive or negative regulation

f tumorigenesis is still inconclusive. The previous study of the research

eam found that there is a certain relationship between thymic dysfunc-

ion and the development and metastasis of breast cancer. Therefore,

e speculate that the thymus may play a very important role in the de-

elopment of the tumor, perhaps by affecting the secretion of thymosin.

his study aims to explore the role of thymic function in the growth and

etastasis of breast cancer tumors through in vitro and in vivo experi-

ents. 

aterials and methods 

ell and cell culture 

Mouse breast cancer cell line 4T1 is an ER 𝛼, ER 𝛽 positive cell line,

hich can grow in homologous BALB/c mice and has a high propor-

ion of multiple organ metastasis such as lung, liver and bone. 4T1 cell

ine (ATCC No. CRL-2539) were purchased from the Institute of Cell

esource Center of the Chinese Academy of Sciences (Shanghai, China).

Mouse breast cancer cell line 4T1-Luc: a stable cell line carrying the

refly luciferase gene, which was infected with a retroviral vector ex-

ressing firefly luciferase and antibiotic screening. Briefly, a recombi-

ant retrovirus was packaged in HEK-293 cells by co-transfecting cells

ith pSEB-Luc and pAmpho packaging plasmid using Lipofect AMINE

Invitrogen, life technologies, CA, USA). The firefly luciferase activity

as confirmed by using Promega’s Luciferase Assay kit (Promega, Madi-

on, WI, USA). 

4T1 and 4T1-Luc were cultured in Dulbecco’s modified Eagle’s

edium (DMEM) (Gibco, Life Technologies, USA) supplemented with

0% fetal bovine serum (Gemini, Woodland, CA, USA) and 100 Units

enicillin/streptomycin (Genom Bio-pharmaceutical Tech. Co., Ltd.,

angzhou, Zhejiang, China) at 37 ̊C in a 5% CO 2 , 0.25% trypsin and

.02% EDTA were purchased from Genom Bio-pharmaceutical Tech.

o., Ltd. 

In vitro gene transfection and stable cell line screening of 4T1-Luc

ells. Unloaded control adenovirus group expressing green fluorescent

rotein (Ad-GFP), Ad-PTM 𝛼 and Ad-T 𝛽15b1 were cloned into the p-

D-Amp vector and packaged with adenovirus (Vigene Biosciences.INC,

handong, China). No-load control lentivirus group expressing green flu-

rescent protein (Si-GFP), PTM 𝛼-shRNA, and T 𝛽15b1-shRNA were used

o clone the target gene into pLent-U6-GFP-Puro vector, lentiviral pack-

ging (Vigene Biosciences.INC, Shandong, China). And screening with

n appropriate concentration of puromycin (Sigma-Aldrich, USA). 

nimals 

Experimental BALB/c mice and BALB/c nude mice (6-8 weeks old,

emale, 18-20 g) were purchased from Vital River Laboratory Animal

echnology Co. Ltd. (Beijing, China) and maintained at the animal fa-

ility of Experimental Animal Research Center of Zhejiang Chinese Med-

cal University. All procedures were performed according to protocols

ollowing the guidelines for the Use and Care of Laboratory Animals
2 
ublished by the Zhejiang Province (2009) and approved by the Ani-

al Ethics Committee of Zhejiang Chinese Medical University. All mice

ere maintained in SPF environment with access to food and water ad

ibitum . 

reast cancer bearing mice model 

After a week of adaptive feeding, BABL/c mice were grouped ran-

omly (n = 10/group). After mice were anesthetized with 2% isoflu-

ane, breast cancer bearing mice model was conducted as described

reviously [13] . In brief, 4T1-Luc cells were harvested resuspended in

hosphate-buffered saline (PBS) ( ∼1 ×10 6 4T1-Luc cells in 100μl PBS)

nd inoculated in BALB/c and BALB/c nude mice on the mammary fat

ad (MFP). After 48 hours, start the administration. During the experi-

ent, tumor volume and mice weight were noted every five days. The

imensions of the primary tumor sites were measured using vernier

alipers. Tumor volume was calculated using the following equation:

olume = [length (L) + width (W)] x L x W x 0.2618. At the endpoint,

ice were sacrifced by carbon dioxide asphyxiation, the thymus, lung,

pleen and tumor tissues were dissected, and the organ coefficients were

alculated by the equation: Organ index (g/g) = organ weight (g)/body

eight (g) ∗ 100%. After the lung was fixed with formalin for 48h, the tu-

or size on the surface of lung tissue was measured with vernier caliper

nd counted. 

enogen bioluminescence imaging 

After the third week inoculation, Whole-body optical imaging of the

ice was performed as previously described weekly [13] . Briefly, mice

ere intraperitoneally injected with the luciferase substrate 0.1ml. After

min free activity, anesthetized with isoflurane (2%, 1.5l/min) via a

ose-cone mask within a Xenogen IVIS 200 imaging system (Caliper

ife Sciences, Hopkinton, MA, USA). Xenogen’s Living Image V2.50.1

oftware (Caliper Life Sciences) was used for quantitative analysis. 

ene chip detection 

After 35 days, the tumor tissues of the wt 4T1, D-Gal mice and nu

T1 (n = 3/group) were collected analyzed by gene chip. The specific

ontent was completed by Aksomics Inc.. 

&E staining 

After the last administration, mice were sacrificed and the thymus,

umor, lung tissues were dissected and fixed in 10% formalin overnight

nd embedded in paraffin. Hematoxylin-eosin (H&E) staining was car-

ied out in accordance to the respective specification. Slides were pho-

ographed with microscope ((Ti-S, Nikon, Japan). 

NA isolation and qPCR analysis of TRECs or thymosin-related gene 

To analyze the mRNA levels of thymosin-related genes named Pro-

hymosin 𝛼 (PTM 𝛼), Thymosin beta 15b1(T 𝛽15b1) in 4T1-Luc cells and

hymic function gene T cell receptor rearrangement excision circles

TRECs) in mice peripheral blood cells, Ad-PTM 𝛼, Ad-T 𝛽15b1, sh-PTM 𝛼

nd sh-T 𝛽15b1 were added to infect 4T1-Luc cells for 24h. Total RNA

as isolated with Trizol reagent (Invitrogen) according to the manufac-

urer’s protocol. The tumor masses were excised and immediately stored

n liquid nitrogen until required. The frozen tissue was put in an RNase-

ree mortar and immediately pestle which contained Trizol and total

NA was isolated, and reverse-transcribed according to the manufac-

urer’s protocol. The sequences of the real-time PCR primers are synthe-

ized by Sangon Biotech (Shanghai) Co., Ltd.. Real-time PCR was carried

ut in a 20 𝜇l reaction mixture containing 10 𝜇l Hot Start Fluorescent PCR

ix, 8 𝜇l ddH 2 O, 0.5 𝜇l Sense primer, 0.5 𝜇l Anti-sense primer and 1 𝜇l of

DNA template. The PCR was performed in an Applied Biosystems Step



D. Shi, Y. Shui, X. Xu et al. Translational Oncology 14 (2021) 100980 

O  

i  

o  

a  

a  

u  

s  

C  

C  

f  

G  

C

E

 

w  

b  

t  

i

M

 

P  

T  

(  

a  

m  

d  

r  

2  

e  

H

T

 

M  

t  

g  

s  

c  

h  

t  

b  

0  

t  

w  

J

W

c  

A  

r  

t  

i  

c  

S

 

d  

g  

s  

c

R

T

d

W

 

a  

B  

d  

n  

t  

m  

m  

s  

s  

g  

l

 

i  

t  

1  

C  

g  

a  

b

 

t  

t  

G  

F  

t  

l  

T  

w  

g  

s  

a

 

b  

e  

i  

p  

4  

w  

g  

a  

m  

b  

A  

t  

d

T

 

t  

R  

d  

b  

c  

d  
ne Plus TM Real-Time PCR system (Thermo Fisher Scientific, USA) us-

ng the following cycle parameters: one cycle of 95°C for 1min, 40 cycles

f 95°C for 20s, different Tm temperature for 20s and 72°C for 18s. Data

nalysis was performed with a comparative Ct method with GAPDH

s the endogenous control. Fold-expression changes were calculated

sing the equation 2 − △△ct . The following primers were used in this

tudy: GAPDH, forward 5’- GGCTGCCCAGAACATCAT -3’ and reverse 5’-

GGACACATTGGGGGTAG-3’; TRECs, forward 5’- CATTGCCTTTGAAC-

AAGCTG -3’ and reverse 5’- TTATGCACAGGGTGCAGGTG -3’; PTM 𝛼,

orward 5’- CATTGTTCCTGGGTCGTGCT -3’ and reverse 5’- GCCGC-

AGTGAGGGAATTAAA -3’; T 𝛽15b1, forward 5’- TTGGAACCGGCAGA-

AAGATG -3’ and reverse 5’- ATCTACCAGGAGCTGCCTAACA -3’. 

LISA 

Blood was collected from fundus venous plexus at the third and fifth

eeks of administration. After standing at room temperature for 2h, the

lood was centrifuged and the supernatant was taken. ELISA detected

he expression of thymus hormone in peripheral blood according to kit

nstructions (Yuanye Bio-Technology Co., Ltd, Shanghai). 

TT detection of the ability of cell proliferation 

The experiment was divided into blank group, Ad-GFP group, Ad-

TM 𝛼 group, Ad-T 𝛽15b1 group, Si-GFP group, PTM 𝛼-shRNA group,

 𝛽15b1-shRNA group. Cell suspension was added into the 96-well plate

about 5 ×10 3 cells/well), each group consisted of 3 repeated wells. In

ddition to the blank group, Ad-GFP group and Si-GFP group, the re-

aining groups were added with 100 𝜇L of culture medium containing

ifferent adenoviruses / lentiviruses, and cultured for 24h, 48h and 72h

espectively. Cell viability was evaluated by the 3-(4, 5-dimethylthiazol-

-yl)-2, 5-diphenyltetrazolium bromide (MTT) assay. The absorbance in

ach well was measured at 570 nm using a microplate reader (Synergy

1, BioTek, America). 

ranswell chamber detection of the ability of cell invasiveness 

The Matrigel glue was melted at 4°C a day before the experiment, and

atrigel glue (200-300 𝜇g/ml) was diluted with serum-free cold cell cul-

ure medium DMEM, and 100 𝜇l per well was added. After paving the

lue, the room was placed in the 37°C incubator 6h. Then cells were

uspended and added in the upper chamber (5 ×10 4 /well), the lower

hamber was layered with 500 𝜇l 5% FBS DMEM culture medium, 37°C,

umidity saturation and 5% CO 2 culture incubator 8h. After 8h culture,

he cells were wiped with cotton swabs to the upper layer of the cham-

er without the glue. The lower layer of the small chamber plus 500 𝜇l

.1% crystal violet solution (Contains 4% polyformaldehyde) was fixed

o 30min, and the PBS was cleaned. The stained 4T1-Luc in each well

ere then counted five different fields with microscope (Ti-S, Nikon,

apan) at a magnification of 100 ×by two independent investigators. 

ound healing assay 

Cell suspension was added into the 24-well plate (about 1 ×10 5 

ells/well), and about 80% of the cells were fused and transfected with

d-GFP, Ad-PTM 𝛼, Ad-T 𝛽15b1, Si-GFP, PTM 𝛼-shRNA, T 𝛽15b1-shRNA,

espectively. After 24h, make a scratch with 10μl tips, PBS cleaning 2

imes, gently wash off the cells, replaced by serum-free medium, tak-

ng pictures under the microscope (Ti-S, Nikon, Japan) at 0h, 48h and

alculate the migration rate (0h width - 48h width / 0h width) ×100%.

tatistical analysis 

The in vivo data were analyzed by one-way ANOVA and the in vitro

ata were analyzed by the non-paired Student’s t-test between control
3 
roup and each treatment group. The Graph-Pad Prism 5 was used. Re-

ults are reported as Means ± SD or Means ± SEM. A p-value < 0.05 was

onsidered statistically significant. 

esults 

hymus function status has an extremely important relationship with the 

evelopment and metastasis of breast cancer 

eight, primary tumor volume, lung metastatic sites 

To investigate the effect of thymic function changes on the growth

nd metastasis of breast cancer, 60 female BALB/c mice and 20 female

ALB/c nude mice were purchased. And BABL/c mice were randomly

ivided into 6 groups: BALB wt, wt 4T1, D-Gal, T 𝛼1, CTX, DOX. BALB/c

ude mice were randomly divided into 2 groups: BALB nu, nu 4T1. A

otal of 8 groups (n = 10/group). 48 hours after inoculation, D-Gal (100

g/kg/d, s.c), T 𝛼1 (8 mg/kg/w, s.c), CTX(100 mg/kg/w, i.p), DOX(6.7

g/kg/w, i.p) were administrated respectively for 35 days. The present

tudy first evaluated the weight, primary tumor volume, lung metastatic

ites of the 4T1-Luc mouse breast cancer tumor-bearing mice. Tumor

rowth was monitored through measuring the tumor volume, and bio-

uminescence was detected using whole body Xenogen imaging. 

With the extension of administration time, the body weight of mice

n DOX administration group was lower than that of wt 4T1 group on

he 22nd day, 29th day and 36th day (17.51 ± 0.65g vs 18.45 ± 2.14g,

7.65 ± 1.02g vs 20.20 ± 0.47g, 17.67 ± 0.94g vs 20.02 ± 0.42g, p < 0.05).

ompared with the wt 4T1 group, the body weight of mice in the CTX

roup was significantly reduced in the middle and late stage of drug

dministration (p < 0.05, Fig. 1 A left). There was no significant difference

etween the other groups and the wt 4T1 group (p > 0.05, Fig. 1 A left). 

With the prolongation of administration time, the tumor volume of

he T 𝛼1 group increased compared with that of the wt 4T1 group, but

he results showed no statistical difference. The tumor volume of the D-

al group was slightly smaller than that of the wt 4T1 group (p > 0.05,

ig. 1 A right). The tumor volume in the DOX group was slightly smaller

han that in the wt 4T1 group, and the tumor volume measured at the

ast dose week was significantly larger than that in the wt 4T1 group.

he tumor volume of CTX group was significantly lower than that of

t 4T1 group (p < 0.05, Fig. 1 A right).The tumor volume of the nu 4T1

roup was slightly smaller in the early stage than BALB nu group, but

ignificantly increased in the later stage (on the 8th day, the 29th day

nd the 36th day, respectively. p < 0.05, Fig. 1 A right). 

After 3 weeks of administration, the tumor metastasis was monitored

y whole body Xenogen imaging, which demonstrated that all groups

xpect BALB wt and CTX groups exhibited a marked Xenogen imag-

ng signal in the lungs ( Fig. 1 B). The luminescence intensity of the CTX

ositive drug control group was significantly lower than that of the wt

T1 group, and there was a significant difference (p < 0.05). Compared

ith the wt 4T1 group, the D-Gal group, the T 𝛼1 group and the DOX

roup had macroscopic metastases in the lung tissues after 3 weeks of

dministration, especially in the T 𝛼1 group. At the same time, the lung

etastasis rate of the nu 4T1 group was as high as 100%, and the num-

er of metastases was significantly higher than that of BALB nu mice.

t 5 weeks of administration, lung metastases increased, especially in

he DOX group. Thus thymus function status is closely related to the

evelopment and metastasis of breast cancer ( Fig. 1 C). 

he thymus output function of breast cancer model mice was decreased 

Mice were sacrificed at the third week and the fifth week of adminis-

ration respectively. Blood was extracted from the fundus venous plexus,

NA was extracted, and the expression of TRECs in peripheral blood was

etected by qPCR. The results show that the thymus output function of

reast cancer model mice was decreased. In week 3 of administration,

ompared with wt 4T1 group, TRECs expression in all other groups had

ecreased, especially in D-Gal, T 𝛼1 and CTX group ( Fig. 2 A). At 5 weeks
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Fig. 1. Thymus function status is closely related to the development and metastasis of breast cancer. (A) The trend of weight change (left) and the tumor growth 

curve of 4T1 breast cancer bearing mice(right). Data are mean ± SD. # p < 0.05, vs wt 4T1 group. (B) Representative living fluorescent imaging of tumor bearing mice 

after 3 weeks of administration. (C) Tumor metastasis in the lungs of mice administrate at the third week and the fifth week respectively (up: the third week; down: 

the fifth week). Data are means ± SEM. # p < 0.05, ## p < 0.01, vs wt 4T1 group. 

o  

p  

D

 

t  

c  

t  

s  

g  

d  

a  

t  

g  

C  

e  

t  

t

H

t

 

e  

t  

t  

o  

e  

i  

g  

a  

T  
f administration, the expression of TRECs in each group decreased com-

ared with 3 weeks of administration, especially in the wt 4T1 group and

OX group ( Fig. 2 A). 

After 3 weeks of administration, compared with the BALB wt group,

he lung, spleen, and thymus coefficients of the wt 4T1 group were in-

reased to varying degrees. Compared with the wt 4T1 group, except for

he T 𝛼1 group, the lung and spleen coefficients of the other groups were

lightly decreased. The lung coefficient and spleen coefficient of the CTX

roup and the spleen coefficient of the DOX group were significantly

ifferent from the wt 4T1 group. ( Fig. 2 B). Similarly, after 5 weeks of

dministration, compared with the BALB wt group, lung, spleen, and

hymus coefficients of the wt 4T1 group were increased to varying de-

rees. Compared with the wt 4T1 group, the spleen coefficients of the

TX group and DOX group were significantly reduced, and the differ-

nce was statistically significant. Due to a large number of tumor metas-
4 
ases, the thymus coefficient of the DOX group was significantly higher

han that of the wt 4T1 group. ( Fig. 2 C). 

istopathological changes of Lung, Tumor and Thymus tissues in 

umor-bearing Mice 

To explore the histopathological changes of tumor-bearing mice in

ach group, H&E staining was performed on the paraffin section of lung,

umor and thymus tissues. Pulmonary metastasis is the most common

arget organ of breast cancer. It can be seen from Fig. 3 A that the alve-

lar structure is clear in the BALB wt group. The alveolar wall is thick-

ned in the tissue section of the wt 4T1 group, the inflammatory cells

nfiltrated, and multiple metastatic tumor lesion areas appeared. D-Gal

roup alveolar wall structure was fuzzy, partially collapsed, metastasis

rea is large and more, a large number of inflammatory cells infiltration.

 𝛼1 group micro-metastasis increased, there is a large area of metas-
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Fig. 2. The thymus output function of breast cancer model mice was decreased. (A) Changes of the expression of TRECs of each group after 3 weeks and 5 weeks 

administration. ∗ p < 0.05, ∗ ∗ p < 0.01, 3w vs 5w. Data are means ± SEM. (B) Organ indexes of each group after administration three weeks. Data are means ± SD, 

n = 4. ∗ p < 0.05, ∗ ∗ p < 0.01, vs BALB wt group, # p < 0.05, ## p < 0.01, vs wt 4T1 group, △p < 0.05, △△p < 0.01, vs nu 4T1 group. (C) Organ indexes of each group after 

administration five weeks. Data are means ± SD, n = 6. ∗ p < 0.05, ∗ ∗ p < 0.01, vs BALB wt group, # p < 0.05, ## p < 0.01, vs wt 4T1 group, △p < 0.05, △△p < 0.01, vs nu 4T1 

group. 
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ases near the tracheal branches, and the surrounding normal alveolar

tructure was destroyed. CTX group alveolar structure is clear, close to

ormal tissue, metastases are small and the area of metastases is small,

nflammatory cell infiltration is less. DOX group has clear alveolar struc-

ure, some inflammatory cells infiltrate, more micrometastases were ob-

erved in the later stage. HE staining of lung tissue showed that except

or the CTX group and DOX group, the other groups lost normal tissue

tructure, and there was a large area of metastasis in the lung tissue of

 𝛼1 group and nu 4T1 group. ( Fig. 3 A) 

The tumor cells in the wt 4T1 group had different size and morphol-

gy, and their arrangement was disordered. The nucleus was deformed,

howing lobular, nodular, and irregular shapes. The chromatin was sig-

ificantly increased and thickened. The cells in D-Gal group had dif-

erent morphology, tight arrangement, obvious nuclear deformity, and

artial shrinkage and necrosis; tumor cells in T 𝛼1 group had different

ucleus sizes and obvious nuclear division; tumor cells in CTX group

ere loosely arranged and had deep spindle-like staining; In the DOX

roup, the nucleus was enlarged and the nuclear membrane was thick-

ned. In the nu 4T1 group, the nucleus of tumor cells was obviously

ondensed and necrotic and lost its polarity. ( Fig. 3 B). 

As an important immune organ of the body, the thymus is divided

nto multiple leaflets by the connective tissue capsule. Each leaflet is

omposed of thymocytes dense, darker cortical parts and medullary

arts with more epithelial cells and lighter coloration. In the BALB

t group, the thymus showed clear structure and obvious cortical and

edulla. The wt 4T1 group, D-Gal group and T 𝛼1 group showed thin-

ing and atrophy of the thymus tissue, and there was no obvious bound-

ry between the cortex and medulla. The thymus atrophy in the DOX

roup was obvious, and the initial cortex medulla was disappeared. The

t

5 
-Gal group and the DOX group were lightly colored, indicating that the

umber of lymphocytes in the tissue was small and the tissue was atro-

hied. High-power microscope observation showed that a large number

f vesicular-like structures appeared in the tissues of D-Gal group, and

eutrophils were scattered. The thymus tissue of the CTX group has a

lear structure, and there is an eosinophilic thymus gland in the medulla.

he thymus gland in the medulla of DOX group still exists, but it is very

arge and clearly visible, but the cell components are almost completely

egraded, dyed into pink, and a large number of tumor cells appear in

he medulla, and the nucleus has different forms and mitotic figures.

 Fig. 3 C). 

TM 𝛼 and T 𝛽15b1 were the two genes with the most significant change 

In this experiment, gene chip technology was used to comprehen-

ively study the gene expression in different tumor tissue samples of

ice (wt 4T1, D-Gal and BALB nu). A total of 25,655 gene expression

hanges were screened, and 94 genes were associated with thymus. In

he D-Gal group up-regulated genes, the expression of PTM 𝛼 was up-

egulated by 33.86-fold, which was significantly higher than wt 4T1

roup (p < 0.01). The expression level of T 𝛽15b1 was significantly de-

reased, and the wt 4T1 group was about 10 times higher than D-Gal

roup (p < 0.01). Similarly, in the BALB nu group compared with the wt

T1 group, PTM 𝛼 and T 𝛽15b1 were the two genes with the most signifi-

ant up-regulation and down-regulation, respectively (p < 0.01). Further

nalysis of the differentially expressed genes in 9 samples showed that

he wt 4T1 group, D-Gal group, and BALB nu group were grouped into

hree categories, which further confirmed that changes in thymus func-

ion affected gene expression in breast cancer tissues of mice ( Fig. 4 A). 
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Fig. 3. Histopathological changes of Lung, 

Tumor and Thymus tissues in tumor-bearing 

Mice. (A) HE staining of lung tissue after 5 

weeks administration (5w,400X).(B) HE stain- 

ing of tumor tissue (5w,400X). (C) HE stain- 

ing of thymus tissue (5w,40X.Up is 3w, down 

is 5w). 

P

 

w  

o  

P  

e  

b  

l  

a  

t  

i

P

a

Q  

d  

T  

p  

p  

d

E  

i  

i  

a  

P  

r

 

s  

h  

A  

g  
eripheral blood thymus hormone expression level 

The expression level of PTM 𝛼 in peripheral blood showed a down-

ard trend with the prolongation of administration time. After 5 weeks

f administration, except for the CTX group, the expression levels of

TM 𝛼 in the other groups were higher than those in the BALB wt group,

specially in the T 𝛼1 group. The expression level of T 𝛽15 in peripheral

lood did not change significantly. Except T 𝛼1 group, T 𝛽15 expression

evel also showed a downward trend. Pearson correlation coefficient

nalysis showed that the number of tumor lung metastasis was posi-

ively correlated with the expression level of T 𝛽15 (R = 0.406, P = 0.029)

n serum at 3 weeks of administration. ( Fig. 4 B). 

TM 𝛼 and T 𝛽15b1 gene expression changes effect of proliferation, invasion 

nd migration of 4T1 breast cancer cells in vitro 

-PCR showed the PTM 𝛼 and T 𝛽15b1 gene overexpression and knocking

own efficacy in 4T1 breast cancer cells . Q-PCR validates PTM 𝛼 and
6 
 𝛽15b1 gene overexpression / silence efficiency. ( Fig. 5 A). 4T1 itself ex-

resses PTM 𝛼 and T 𝛽15b1 at high levels, especially PTM 𝛼. After overex-

ression, although PTM 𝛼 expression increased, there was no significant

ifference. 

ffect of PTM 𝛼 and T 𝛽15b1 gene overexpression / silencing on proliferation,

nvasion and migration of 4T1 breast cancer cells in vitro . To gain insight

nto the function of PTM 𝛼 and T 𝛽15b1 in breast cancer progression, we

pplied MTT assays to test cell viability after overexpression / silencing

TM 𝛼 and T 𝛽15b1 expression in 4T1 breast cancer cells lines, and results

evealed no effect on cell growth. ( Fig. 5 B). 

To investigate the effects of PTM 𝛼 and T 𝛽15b1 expression on inva-

ion and migration of breast cancer cells, transwell assay and wound

ealing were applied. The results of transwell assay showed that after

d-PTM 𝛼 virus infection, the number of cells passing through matrigel

el was slightly lower than Ad-GFP, and the cell invasion ability was



D. Shi, Y. Shui, X. Xu et al. Translational Oncology 14 (2021) 100980 

Fig. 4. PTM 𝛼 and T 𝛽15b1 were the two genes with the most significant change. (A) Cluster analysis of differentially expressed genes. (B) Expression of PTM 𝛼 and 

T 𝛽15 in peripheral blood at 3w and 5w. With the extension of administration time, the expression level of PTM 𝛼 in peripheral blood showed a downward trend, and 

except T 𝛼1 group, T 𝛽15 expression level also showed a downward trend. Data are means ± SD, n = 3. ∗ p < 0.05, ∗ ∗ p < 0.01, vs BALB wt group, # p < 0.05, ## p < 0.01, vs 

wt 4T1 group. 
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eakened. After Ad-T 𝛽15b1 virus infection, the number of cells pass-

ng through the gel was slightly increased, and the cell invasion ability

as enhanced. PTM 𝛼-shRNA, T 𝛽15b1-shRNA virus infection, the num-

er of cells that passed through increased compared with Si-GFP group,

ndicating that silencing PTM 𝛼 and T 𝛽15b1 expression can enhance the

nvasion ability of 4T1-Luc cells (p > 0.05, Fig. 5 C-D). However, overex-

ression / silencing PTM 𝛼 expression promoted cell migration. Overex-

ression T 𝛽15b1 decreased cell migration ability. Inversely, the abil-

ty was increased after T 𝛽15b1 silencing in 4T1 breast cancer cells

 Fig. 5 E-G). 

ffects of PTM 𝛼 and T 𝛽15b1 gene expression on tumor growth and metas-

asis in breast cancer-bearing mice. Another 80 BALB/c nude mice were

andomly divided into 8 groups: BALB wt, wt 4T1, Ad-GFP, Ad-PTM 𝛼,

d-T 𝛽15b1, Si-GFP, PTM 𝛼-shRNA and T 𝛽15b1-shRNA (n = 10/group).

T1-Luc cells infected with adenovirus or lentivirus were harvested re-

pectively, resuspended in PBS, and analyzed by 0.4% trypan blue ex-

lusion assay (viable cells, > 95%). For breast cancer cell injection, ap-

roximately 1 ×10 6 4T1-Luc cells in 100 𝜇l PBS were injected into nude

ice MFP. Each group of adenovirus-infected mice was injected with

0 𝜇l of the corresponding adenovirus solution at the tumor inoculation

eekly to ensure the stability of gene expression. The measurement of

he size of the primary tumor site, the calculation of tumor volume, or-

an coefficient and other methods are the same as above. 
7 
eight, metastatic sites and organ index. The body weight of the mice

as measured every 5 days after modeling. Compared with the Ad-GFP

roup, the weight of the Ad-PTM 𝛼 group and the Ad-T 𝛽15b1 group de-

reased, and the weight of the Ad-T 𝛽15b1 mice was statistically sig-

ificant on the 11th, 26th, and 31st, respectively, after inoculating

p < 0.05). Compared with the Si-GFP group, the weight of the PTM 𝛼-

hRNA group increased slightly (p > 0.05), and the body weight of the

 𝛽15b1-shRNA group did not change significantly. ( Fig. 6 A). Compared

ith the Ad-GFP group, the tumor of Ad-PTM 𝛼 and Ad-T 𝛽15b1 mice

rew faster in the early stage. Especially in the Ad-T 𝛽15b1 group, which

romoted the tumor growth slightly in the early stage but inhibited its

rowth at the later stage. Compared with the Si-GFP group, both PTM 𝛼-

hRNA and T 𝛽15b1-shRNA inhibited tumor growth, but have not a sta-

istically significant. ( Fig. 6 B). 

In vivo fluorescence imaging data of small animals showed early

etastasis in the Ad-PTM 𝛼 group, the Ad-T 𝛽15b1 group, the Si-GFP

roup and the PTM 𝛼-shRNA group. Compared with Ad-GFP group, the

uminescence intensity of the in situ tumor was lower in the Ad-PTM 𝛼

roup and the Ad-T 𝛽15b1 group, especially in the Ad-PTM 𝛼 group.

ompared with the Si-GFP group, the PTM 𝛼-shRNA and T 𝛽15b1-shRNA

roup had lower luminescence intensity. ( Fig. 6 C). Five weeks after tu-

or inoculation, the mice were sacrificed and the lung tissues were dis-

ected. The 10% formalin solution was fixed and the metastases on the

urface of the lung tissues were observed. The lung metastasis observed

n all the wt 4T1 groups. The lung metastasis rate of the Ad-PTM 𝛼 group,
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Fig. 5. Effect of PTM 𝛼 and T 𝛽15b1 gene expres- 

sion changes on proliferation, invasion and migra- 

tion of 4T1 breast cancer cells in vitro. (A) qPCR 

validates PTM 𝛼 and T 𝛽15b1 gene overexpression 

/ silence efficiency. (B) MTT assay of the viabil- 

ity of 4T1 breast cancer cells lines treated with 

overexpression / silencing PTM 𝛼 and T 𝛽15b1 for 

different time. (C) Transwell assay of 4T1 breast 

cancer cells lines treated with overexpression / si- 

lencing PTM 𝛼 and T 𝛽15b1 for 48h. Ad-GFP and 

Si-GFP as control respectively. (D)Transmembrane 

cells were counted in five random fields. (I) Wound 

healing of 4T1 breast cancer cells lines treated with 

overexpression / silencing PTM 𝛼 and T 𝛽15b1 for 

48h. Ad-GFP and Si-GFP as control respectively. 

(G)Statistical chart of wound healing rate. Three 

independent experiments were performed, and the 

results are presented with the means ± SEM, ∗ 

p < 0.05, ∗ ∗ p < 0.01, vs control group. 

8 
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Fig. 6. PTM 𝛼 and T 𝛽15b1 overexpression pro- 

motes tumor metastasis, silencing inhibit tumor 

metastasis. (A)The trend of weight change of 4T1 

breast cancer bearing mice. Data are means ± SD, 

n = 6. △P < 0.05, vs Ad-GFP group. (B) The trend 

of the tumor growth curve of 4T1 breast can- 

cer bearing mice. Data are means ± SD, n = 6. 

(C)Representative living fluorescent imaging of 

tumor bearing mice after 3 weeks of administra- 

tion. (D) Effects of PTM 𝛼 and T 𝛽15b1 gene ex- 

pression changes on organs of BALB/c nude mice 

(lung, spleen, tumor tissue). (E) Number of lung 

metastases after PTM 𝛼 and T 𝛽15b1 gene expres- 

sion changes. Data are means ± SEM. ∗ P < 0.05, 

vs Ad-GFP group. (F)H&E staining of lung tissue 

after 5 weeks administration. (G)H&E staining of 

tumor tissue(5w,400X). 

9 
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i-GFP group, PTM 𝛼-shRNA group and T 𝛽15b1-shRNA group was as

igh as 100%. Counting the number of lung metastases, the number of

etastases in the Ad-PTM 𝛼 group and the Ad-T 𝛽15b1 group was signifi-

antly higher than that in the Ad-GFP, especially in the Ad-PTM 𝛼 group

p < 0.05). ( Fig. 6 D-E). Metastasis was lower in the PTM 𝛼-shRNA group

nd the T 𝛽15b1-shRNA group than in Si-GFP group, and the difference

as not statistically significant. 

ffects of morphology on lung and tumor tissues of tumor-bearing mice.

o explore the tumor metastasis of breast cancer in each group, H&E

taining was performed on the paraffin section of lung and tumor tis-

ues. Compared with the Ad-GFP group, the lung tissues of mice in the

d-PTM 𝛼 group showed smaller and more metastases, and the alveolar

tructure was clear. In the Ad-T 𝛽15b1 group, there were more metas-

ases, thickened alveolar walls and less normal alveolar structures. Com-

ared with the Si-GFP group, the PTM 𝛼-shRNA group showed fewer lung

etastases and clear alveolar structure. The lung tissue metastasis was

lightly smaller in the T 𝛽15b1-shRNA group, and the alveolar wall struc-

ure was not clear. ( Fig. 6 F). As shown in Fig. 6 G, the tumor cells in

d-GFP group, Ad-T 𝛽15b1 group, and T 𝛽15b1-shRNA group were well

ligned with obvious mitosis. In the Ad-PTM 𝛼 group, the nucleus py-

nosis, cytoplasm increased, and cell polarity was lost, especially in the

TM 𝛼-shRNA group. 

iscussion 

Our study showed that thymus function status is closely related to

he development and metastasis of breast cancer. We use BALB wt, BALB

u, wt 4T1, nu 4T1, D-Gal, T 𝛼1, CTX, Dox in this research. As a central

mmune organ, the function and state of the thymus directly affect the

ifferentiation and function of T lymphocytes of the immune system.

ging degeneration of the thymus is the direct cause of immune aging

14] . D-Gal aging model is a commonly used model for pharmacological

tudy of anti-aging drugs. The experiment results show that, compared

ith wt 4T1 group, D-Gal group decreased TRECs expression in periph-

ral blood in mice, the drug delivery late mice thymus atrophy, thymus

ndex, spleen index is slightly reduced, increased pulmonary metastasis

ate, slightly increased lung metastases, lung tissue HE staining showed

hickening of alveolar walls, alveolar atrophy, loss of normal structure,

umor metastases and the area is large, consistent with literature reports

15] . It is suggested that the aging of thymus gland induced by D-Gal

romotes lung metastasis of tumor in mice. 

DOX is a commonly used clinical anti-tumor antibiotic with a broad

nti-tumor spectrum. Our results showed that the spleen index and thy-

us index of DOX group were significantly reduced and the number of

umor lung metastases was increased at 3 weeks after DOX administra-

ion than wt 4T1 group. At 5 weeks of administration, the spleen index

as slightly lower, the thymus index was significantly higher, and the

umber of lung metastases was significantly increased. Combined with

E staining of thymus tissue, it was found that cortical parts of the DOX

roup were significantly thinner and atrophic, with disordered cell ar-

angement, and a large number of tumor cells appeared in the medulla

t the later stage, with distinct nuclear morphology and obvious mito-

is. Therefore, early DOX group reduced thymus coefficient to a level

ar lower than that of the BALB wt group, which may be detrimental to

he normal immune function of the body. Pathological enlargement of

mmune organs caused by tumor in later stage may further promote the

evelopment of tumor. 

T 𝛼1, as a biological reaction modifier, has been in preclinical and

linical trials, and is used alone or in combination with cytokines

nd chemotherapy for malignant tumors, such as stage IV malignant

elanoma, hepatocellular carcinoma, and breast cancer, etc. [16–18] .

uan et al. [19] showed that T 𝛼1 treatment alone could not inhibit tu-

or growth in tumor-bearing mice. T 𝛼1 not only promoted the increase

f CD8 + T cells, but also enhanced the immunosuppressive function of
10 
DSC, leading to the inhibition of T cell responses and ultimately im-

aired anti-tumor efficacy. In this study, it was also found that the tumor

eight and volume of the T 𝛼1 group was heavier and larger than wt 4T1

roup. Lung metastasis is early and frequent. Although T 𝛼1 can improve

he immunosuppressive state of the tumor, it is not helpful to inhibit the

etastasis of mouse breast cancer when used alone in the early stage of

umor development. 

TRECs as a Marker of Thymic Function [20] , which is a by-product

f the rearrangement of TCR genes and is free DNA. TRECs is stably

resent in cells, not amplified with the proliferation of T cells, but con-

inuously diluted with the division of T cells. By quantitatively detecting

he copy number of TRECs in DNA, the content of TRECs in T cells can

e calculated and its recent thymic output function can be understood

21] . In this experiment, the expression level of TRECs in peripheral

lood of mice in each group was detected by qPCR. It was found that

t the initial stage of drug administration, the immune response of the

ody was active, and the expression level of TRECs in peripheral blood

f each group decreased with the growth of tumor. 

In order to further study the changes of gene expression in breast

ancer mice with different thymus function, a total of 25655 genes were

creened from mouse tumor tissue samples by gene microarray technol-

gy. Among them, there were PTM 𝛼, T 𝛽15b1, T 𝛽4x, T 𝛽10, Ptms, Tmpo,

tc., especially PTM 𝛼 and T 𝛽15b1. The expression level of PTM 𝛼 in the

-Gal group was 33.86 times higher than that in wt 4T1 group, and the

xpression level of T 𝛽15b1 was down to about 1/10 of that in the wt 4T1

roup. Similarly, the PTM 𝛼 and T 𝛽15b1 gene expressions in BALB nu

nd wt 4T1 group were significantly up-regulated and down-regulated,

espectively. In order to further explore the role of these genes in the

evelopment of breast cancer and the specific mechanisms, we finally

creened the PTM 𝛼 and T 𝛽15b1 genes based on the bioinformatics anal-

sis and literature reports of breast cancer-related genes. Studies have

hown that thymosin 𝛽15A (T 𝛽15A) is a predictor of chemotherapy re-

ponse in triple-negative breast cancer [22] . T 𝛽15 is also detected in hu-

an prostate and prostate cancer tissues, as well as in normal colon and

olon cancer tissues [23] . We detected the expression levels of these two

hymosins in peripheral blood by ELISA: the smaller the change of PTM 𝛼

xpression in peripheral blood, the more obvious the tumor metastasis.

earson correlation coefficient analysis showed that the number of tu-

or metastasis was positively correlated with the expression level of

 𝛽15 (R = 0.406, P = 0.029) in serum at 3 weeks of drug administration. 

In this study, transwell chamber and wound healing assays showed

hat increased PTM 𝛼 expression could weaken the invasion ability of

ells and enhance the migration ability. Overexpression of T 𝛽15b1 en-

anced the ability of cell invasion and decreased the ability of cell mi-

ration. Silencing of PTM 𝛼 and T 𝛽15b1 genes enhanced cell invasion

nd migration. Combined with the results of ELISA and the count of tu-

or lung metastases, it can be speculated that the silencing of PTM 𝛼

ene and T 𝛽15b1 gene leads to the decrease of corresponding thymosin

xpression in peripheral blood, which will promote the metastasis of

reast cancer. 

BALB/c mice transplantation of 4T1 breast cancer metastasis model

as constructed by using fluorescence reporter group labeled cells and

ombined with fluorescence imaging technology in vivo to observe the

rowth and metastasis of tumor cells in vivo in real time. In this study,

ude mice from the same source of BALB/c were used as the model,

nd the interference of thymus hormone secreted by the thymus tis-

ue itself was excluded, and 4T1-Luc breast cancer cells with overex-

ression/silencing of PTM 𝛼 and T 𝛽15b1 genes were respectively inoc-

lated under the pad of breast fat in the second-last pair of mice. Pre-

ious studies have shown that high PTM 𝛼 mRNA expression is detected

n colon cancer, liver cancer, neuroblastoma, rhabdomyosarcoma, and

ell-differentiated thyroid cancer at the mRNA level [24–27] , on the

ther hand, at the protein level, the results of cancer tissues confirm the

act that aggressive tumors contain more PTM 𝛼, which can be detected

n breast tumors, colon cancer, and urinary tumors, and has the poten-

ial role as a novel proliferation marker for tumor development. In ad-
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ition, T 𝛽15b1 can also be used as a predictive indicator of chemother-

py response in triple-negative breast cancer, and its expression can be

etected in both colon cancer and prostate cancer. Our experimental

tudy found that overexpression of PTM 𝛼 gene promoted tumor in situ

rowth and distant metastasis. Overexpression of T 𝛽15b1 can promote

istant metastasis and inhibit in situ tumor growth in late stage. Silenc-

ng of PTM 𝛼, T 𝛽15b1 gene inhibited distant metastasis and promoted in

itu growth, especially after silencing of T 𝛽15b1 gene. In vitro results

howed that the invasion and metastasis of 4T1 cells were decreased

fter the silencing of PTM 𝛼 and T 𝛽15b1 genes, which was inconsistent

ith the results in vivo. 

4T1 cells themselves express higher PTM 𝛼 and T 𝛽15b1, so the effect

s not obvious in the case of overexpression. The PTM 𝛼 gene overexpres-

ion in the mouse model only promotes tumor growth and lung metas-

asis in the early stage, and has no significant effect on tumor growth

nd metastasis in the later stage; T 𝛽15b1 overexpression promotes tu-

or growth in the early stage and inhibits its growth in the later stage;

 𝛽15b1 gene silencing inhibits tumor lung metastasis. At the cellular

evel, T 𝛽15b1 silencing increases migration capacity. 

In short, thymic function affects breast cancer development and

etastasis, it may be through regulating expression of PTM 𝛼 and

 𝛽15b1 in thymus, and subsequently influencing the invasion and

etastasis of tumor cells. Our study provided new directions for breast

ancer therapy. 
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