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Abstract
Objective Acupuncture has become a popular complementary treatment in oncology. This study is based on RNA-Seq tran-
scriptome sequencing technology to investigate the molecular mechanisms underlying the effect of acupuncture-mediated 
regulation of the Leptin/AMPK signaling pathway on mitochondrial dysfunction-induced fatigue in breast cancer patients 
after chemotherapy.
Methods Peripheral blood samples from 10 patients with post-operative chemotherapy for breast cancer were selected for 
transcriptome sequencing to screen the key molecular pathways involved in fatigue after chemotherapy in breast cancer 
patients. Besides, peripheral blood samples were collected from 138 post-operative chemotherapy patients with breast 
cancer to study the composite fatigue and quality of life scores. Flow cytometry was used to detect T lymphocyte subsets in 
peripheral blood-specific immune cells. In addition, a blood cell analyzer was used to measure peripheral blood leukocyte 
counts, and MSP-PCR was used to detect mitochondrial DNA mutations in peripheral blood leukocytes.
Results Transcriptome bioinformatics analysis screened 147 up-regulated mRNAs and 160 down-regulated mRNAs. Leptin 
protein was confirmed as the key factor. Leptin was significantly higher in the peripheral blood of breast cancer patients who 
developed fatigue after chemotherapy. Acupuncture treatment effectively improved post-chemotherapy fatigue and immune 
status in breast cancer patients, suppressed the expression of Leptin/AMPK signaling pathway-related factor and leukocyte 
counts, and significantly reduced the rate of mitochondrial DNA mutations in peripheral blood leukocytes.
Conclusion The Leptin/AMPK signaling pathway may be the key molecular pathway affecting the occurrence of fatigue 
after chemotherapy in breast cancer patients. Leptin may improve post-chemotherapy fatigue in breast cancer patients by 
activating AMPK phosphorylation and alleviating mitochondrial functional impairment.

Keywords Breast cancer · Post-chemotherapy fatigue · Acupuncture treatment · Leptin · AMPK · Mitochondrial functional 
impairment

Introduction

Breast cancer is the second-leading cause of cancer-related 
deaths globally and the most prevalent malignancy in 
women [1, 2]. For the first time, breast cancer in women 
will surpass lung cancer as the most commonly diagnosed 
cancer, accounting for 11.7% of new cancer cases [3]. The 
World Health Organization (WHO) reports that breast can-
cer accounts for 11.7% of all cancer cases globally [4]. The 
incidence rate of breast cancer varies globally, with devel-
oped countries typically having a high incidence rate [5]. 
The USA, Canada, Australia, New Zealand, and Western 
European countries have a high incidence rate of breast 
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cancer, while Asia, Africa, and Latin America have a low 
incidence rate [6].

The main treatments for breast cancer are currently sur-
gery, radiotherapy, targeted therapy, and immunotherapy 
[7]. Surgery is the preferred treatment for breast cancer, and 
chemotherapy is the most commonly used cancer treatment 
other than surgery and is the preferred treatment for breast 
cancer patients [8]. Researchers proposed cancer-related 
fatigue (CRF) in the late 1970s [9]. Subsequent investiga-
tions have established it as a multifaceted and individual-
ized negative subjective experience. CRF is known to be 
influenced by various factors, including physical, mental, 
psychological, and socio-cultural backgrounds [10]. Previ-
ous studies have demonstrated that fatigue affects over 83% 
of cancer patients, with its severity often exacerbated by 
radiotherapy [11]. Considering the essential role of chemo-
therapy in cancer treatment, fatigue has emerged as a sig-
nificant disruption to patients’ daily lives.

CRF has been reported to occur in up to 99% of patients 
during chemotherapy [12]. The NCCN (National Compre-
hensive Cancer Network) defines cancer-related fatigue as 
a distressing, subjective feeling of fatigue or exhaustion 
that interferes with normal life [13]. It has been suggested 
that CRF is the most distressing and severe symptom felt by 
patients compared to other adverse effects of cancer treat-
ment (e.g., nausea, pain, and peripheral nerve symptoms) 
[14]. In addition, studies have identified bodily, psycho-
logical, therapeutic, and social factors as the main factors 
influencing CRF, which are generally consistent with the 
NCCN’s top five associated factors [15].

Leptin is a pleiotropic peptide hormone [16] produced 
by tissues such as fat and cartilage. Early studies found that 
it mainly affects energy metabolism in the central system 
[17]. Still, now it has been found that Leptin also has a dual 
role as a hormone and cytokine, participating in the regula-
tion of several processes such as the inflammatory response, 
immune homeostasis, cartilage and bone metabolism, bone 
formation, angiogenesis, wound healing, and intestinal 
nutrient absorption [18]. Leptin was closely associated with 
post-chemotherapy fatigue in breast cancer patients. Lep-
tin expression was elevated in breast cancer patients who 
developed post-chemotherapy fatigue, suggesting that Lep-
tin is a potential biomarker of post-chemotherapy fatigue in 
adenocarcinoma and that the mechanism may be that high 
Leptin expression activates TNF-α, thereby promoting post-
chemotherapy fatigue in adenocarcinoma [19].

AMP-activated protein kinase (AMPK) is an evolutionar-
ily conserved serine/threonine kinase that induces metabolic 
changes to maintain the balance of cell energy production 
and consumption [20]. AMPK is closely associated with 
developing diseases such as cancer, pulmonary hyperten-
sion, type 2 diabetes, cerebral hemorrhage, and myocarditis 
[21]. It has also been found that several targets of AMPK are 

associated with mitochondrial homeostasis [22]. In addition, 
it was found that targeted inhibition of the AMPK/PI3K/
Akt signaling pathway could inhibit myocyte apoptosis, 
increase myocyte mitochondrial membrane potential, and 
reduce mitochondrial functional impairment, thus improving 
post-chemotherapy fatigue [23].

Acupuncture is increasingly recognized as a complemen-
tary therapeutic strategy for CRF. The National Compre-
hensive Cancer Network (NCCN) guidelines in the USA 
recommend acupuncture for CRF patients, especially can-
cer survivors who have completed anticancer treatments. A 
randomized controlled trial (RCT) has also been conducted 
to evaluate acupuncture’s efficacy and safety in treating 
chronic renal failure [24]. In this study, we investigated 
the key molecular pathways through which Leptin regu-
lates the AMPK signaling pathway to influence the onset 
of post-chemotherapy fatigue in breast cancer patients. 
We tentatively concluded that Leptin may induce AMPK 
phosphorylation activation. When the Leptin/AMPK sign-
aling pathway was inhibited by acupuncture treatment, it 
could reduce mitochondrial functional impairment and thus 
improve post-chemotherapy fatigue in breast cancer patients. 
It also makes factors such as Leptin and AMPK targets for 
improving post-chemotherapy fatigue in adenocarcinoma 
patients, thus providing a new theoretical basis for improv-
ing post-chemotherapy fatigue in adenocarcinoma patients 
with acupuncture treatment.

Materials and methods

Clinical sample collection

One hundred and thirty-eight patients with post-operative 
chemotherapy for breast cancer in our hospital were col-
lected and randomly divided into 68 cases in the acupuncture 
treatment group and 70 cases in the sham acupuncture treat-
ment group (given sham acupuncture treatment). In addition 
to the conventional symptomatic treatment (including blood 
transfusion, anti-pain, anti-emetic, anti-cough, and phlegm), 
the patients in the acupuncture treatment group were given 
multiple acupuncture points after chemotherapy for 2 weeks. 
The specific methods of the acupuncture treatment group 
were as follows: after routine disinfection of the local skin 
at the acupoints, acupuncture needles were used to directly 
pierce Guan Yuan, Sanyinjiao, Sansili, Qi Hai, Blood Sea, 
and Neiguan points. After obtaining Qi, the needles were 
retained for 20 min, and the treatment was performed once 
every 10 min, once daily for 2 weeks [25]. Patients were 
given conventional symptomatic support and sham acupunc-
ture treatments in the sham acupuncture group. Sham acu-
puncture procedure: During the sham acupuncture treatment, 
the therapeutic needle is inserted approximately 1 inch away 



Supportive Care in Cancer (2023) 31:506 

1 3

Page 3 of 14 506

from the actual acupuncture point, while the remaining pro-
cedures are consistent with the verum acupuncture treatment 
[26]. Patients in both groups were given conventional educa-
tion, psychological support, sleep counseling, and exercise 
instruction.

Inclusion criteria: (i) meet the above Chinese and West-
ern medical diagnostic criteria; (ii) age 18–75 years; (iii) 
expected survival ≥ 3 months; (iv) QLQ-C30 score ≥ 60 and 
moderate fatigue or above by the PIPER Fatigue Revision 
Scale; (v) receive chemotherapy during this treatment; (vi) 
clear consciousness, no intellectual impairment, able to 
understand the content of the scale; (vii) voluntary partici-
pation and signed informed consent form. Exclusion criteria: 
(i) those who do not meet the inclusion criteria; (ii) criti-
cally ill with survival < 3 months; (iii) with serious primary 
diseases such as liver, kidney, cardiovascular, or hematopoi-
etic system; (iv) severe cognitive impairment or psychiatric 
disorders; (v) ulceration or infection at the needle site [27].

RNA extraction and sequencing

Ten peripheral blood samples from patients undergoing 
chemotherapy after breast cancer surgery were selected for 
transcriptome sequencing, including five patients who devel-
oped fatigue after chemotherapy (observation group) and 
five patients who did not develop fatigue after chemotherapy 
(control group). Total RNA was isolated using Trizol reagent 
(Invitrogen, USA), and RNA sample concentrations were 
determined by OD260/280 using a Nanodrop ND-1000 
spectrophotometer (Thermo Fisher Scientific, USA) instru-
ment. RNA concentrations were measured using a Qubit 
RNA analysis kit. Total RNA samples met the following 
requirements for subsequent experiments: RNA integrity 
index (RIN) ≥ 7.0, 28S:18S ratio ≥ 1.5.

Sequencing libraries were generated and sequenced by 
CapitalBio Technology (Beijing, China). A total of 5 μg 
RNA was used per sample. Briefly, ribosomal RNA (rRNA) 
was removed from total RNA using the Ribo-Zero™ Mag-
netic Kit (Epicentre Technologies, Madison, Wisconsin, 
USA). Sequencing libraries were constructed using Illumi-
na’s NEB Next Ultra RNA Library Preparation Kit (NEB, 
USA). The RNA was then fragmented into fragments of 
approximately 300 base pairs (bp) in length in NEB Next 
First Strand Synthesis Reaction Buffer (5 ×). First-strand 
cDNA was synthesized using reverse transcriptase primers 
and random primers, and second-strand cDNA was synthe-
sized in second-strand synthesis reaction buffer in dUTP 
Mix (10 ×). End repair of cDNA fragments, including add-
ing poly(A) tails and ligating sequencing junctions. After 
ligating the Illumina sequencing junction, the second strand 
of cDNA was digested using USER Enzyme (NEB, USA) 
to construct a strand-specific library. The library DNA was 
amplified, and the library was purified and enriched by PCR. 

Libraries were then identified by Agilent 2100 and quan-
tified using the KAPA Library Quantification Kit (KAPA 
Biosystems, South Africa). Finally, paired-end sequencing 
was performed on an Illumina NextSeqCN500 sequencer.

Sequencing data quality control and reference 
genome alignment

Using FastQC software v0.11.8 (http:// www. bioin forma tics. 
babra ham. ac. uk) to check the quality of paired-end reads of 
raw sequencing data. Using Cutadapt software 1.18 (http:// 
www. bioin forma tics. babra ham. ac. uk) to pre-process the raw 
data: remove Illumina sequencing junctions and poly(A) 
tail sequences. Reads with more than 5% N content were 
removed by Perl scripts. Reads were removed using FASTX 
Toolkit software 0.0.13 (http:// hanno nlab. cshl. edu/ fastx_ 
toolk it/) to extract 70% of reads with base masses above 
20. Reads with N content above 20 were extracted using the 
BBMap software (https:// sourc eforge. net/ proje cts/ bbmap/). 
The double-ended sequences were repaired. Finally, the fil-
tered fragments of high-quality reads were compared to the 
reference genome by hisat2 software (0.7.12).

Bioinformatics analysis to screen for differentially 
expressed genes

The mRNA-based read counts were analyzed using the 
“edgeR” package in the R language for differential expres-
sion analysis of mRNA. The criteria for screening dif-
ferentially expressed genes were set as |log2 FC|> 1 and 
P-value < 0.05. KEGG pathway enrichment analysis was 
performed using the “ClusterProfiler” R software pack-
age (https:// cytos cape. org/) for differentially expressed 
genes, with statistical significance defined at P < 0.05. The 
STRING database (https:// string- db. org/) was utilized for 
protein interaction analysis between genes, while Cytoscape 
software (https:// cytos cape. org/) was employed for visual-
izing the protein–protein interaction (PPI) network. Gene 
interaction analysis was conducted using the GeneMANIA 
database (http:// genem ania. org/), and gene correlation analy-
sis was performed using the GEPIA database (http:// gepia. 
cancer- pku. cn/).

Symptom assessments between the two groups 
before and after acupuncture treatment

The blinded methodology was implemented as follows: Both 
patients and assessors were unaware of group assignments. 
Under this condition, assessors interviewed the patients to 
evaluate the relevant outcomes [28]. The fatigue assess-
ment tools currently applied in TCM research include the 
Brief Fatigue Inventory (BFI), the Multidimensional Fatigue 
Inventory (MFI-20), the PIPER Fatigue Scale-Revised 
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(PFSR), and the Cancer Fatigue Scale (CFS). The PIPER 
Fatigue Assessment Scale-Revised (PFSR), which was 
revised from the original scale by Piper et al. in a study of 
women with breast cancer in 1998, with a Cronbach’s alpha 
coefficient of 0.97. The PFSR was used to assess cancer-
caused fatigue, with a total of 22 entries and a score out 
of 10, where 0 is no fatigue; scores of 1 to 3 indicate mild 
fatigue; 4 to 6 indicate moderate fatigue; and 7 to 10 repre-
sent severe fatigue. The scale consists of 4 items: behavioral, 
emotional, sensory, and cognitive, with higher scores indi-
cating more severe fatigue [29].

The patient’s quality of life is evaluated using the QLQ-
C30 Quality of Life Score, a 30-item scale divided into 15 
domains. It includes 5 functional domains (physical, role, 
cognitive, emotional, and social functioning), 3 symptom 
domains (fatigue, pain, nausea, and vomiting), 1 general 
health status domain, and 6 individual items (shortness of 
breath, insomnia, loss of appetite, constipation, diarrhea, 
financial difficulties). The raw score (RS) is calculated by 
adding the scores of the items in each domain and dividing 
them by the number of items included in that domain. The 
raw score is then linearly transformed by polarization into 
a standardized score (SS) of 0 to 100 to facilitate domain 
comparison. For the functional domain and general health, 
higher scores indicate better functioning or health; for the 
symptom domain, higher scores on individual items indi-
cate more severe symptoms or problems. We scored each of 
the four dimensions reflecting the quality of life separately, 
with higher scores for each function and overall quality of 
survival in both groups suggesting the better quality of life 
and higher scores for fatigue suggesting the worse quality 
of life [30].

Detection of T lymphocyte subsets in peripheral 
blood‑specific immune cells by flow cytometry

NK cell counts and T lymphocyte subsets were analyzed 
in peripheral blood before and after treatment using a flow 
cytometer (FAC-SC-ALIBUR, Becton Dickinson, USA).

Methods

Peripheral blood should be removed by adding erythro-
cyte lysate, collecting cells by centrifugation (2990 r/min 
for 5 min), and adding anti-CD2-PE (anti-CD phaeohemo-
globin, eBioscience, USA) and anti-CD&-FITC or anti-
CDa-FITC (anti-CD-isothiocyanate). After mixing, the 
cells were placed at 4.0 °C for 30 min protected from light 
and washed twice with phosphate buffer (PBS) (2990 r/min, 
5 min) and detected and analyzed by flow cytometry. The 
obtained data were acquired by FACSC-ALI-BUR flow 
cytometer and Cellquest software. First, the lymphocyte 
region R1 was plotted in a front scatter (FSC) versus side 

scatter (SSC) two-dimensional scatter plot, and then the lym-
phocyte FITC and PE fluorescence intensities were detected. 
The FITC is fluorescence 1 (FL1), and the PE is fluorescence 
2 (FL2). Ten thousand cells per sample tube were assayed, 
and the data obtained were analyzed using Cell Quest soft-
ware [31, 32].

Detection of IgA, IgG, and IgM levels in peripheral 
blood by immunoturbidimetric assay

The serum was stored in a refrigerator at − 80 °C and kept to 
determine serum IgG, IgM, and IgA levels. Serum IgG, IgM, 
and IgA expression levels were determined by an immu-
noturbidimetric assay using IMMAGE800 specific protein 
instrument [33–35].

ELISA for the expression of Leptin‑AMPK signaling 
pathway‑related factors in peripheral blood 
samples

Peripheral blood samples were collected from patients. Lep-
tin-AMPK signaling pathway-related factors were quanti-
fied in peripheral blood samples using the Human Leptin 
ELISA Kit (PL700, Beyotime Biotechnology, Shanghai, 
China) assay kit. All indicators were analyzed according to 
the manufacturer’s specifications.

RT‑qPCR

Total RNA was extracted from peripheral blood samples 
using TRIZOL reagent (15596–018, Solarbio, USA, https:// 
www. solar bio. com/) according to the manufacturer’s instruc-
tions. To measure mRNA expression, total RNA was reverse 
transcribed into cDNA using the PrimeScript™ RT-PCR 
kit (TaKaRa, USA). Total RNA was reverse transcribed 
into cDNA using the SYBR Premix Ex Taq™ (TaKaRa) 
for real-time quantification on a LightCycler 480 system 
(Roche Diagnostics, Pleasanton, CA, USA). RT-qPCR was 
performed to measure the gene expression of Leptin and 
AMPK, with GAPDH serving as the internal reference gene 
for mRNA expression level normalization. The primers used 
for amplification were designed and synthesized by Shang-
hai General Biotechnology Co. The primer sequences are 
shown in Table S1. The relative transcript levels of the tar-
get genes were calculated using the relative quantification 
method  (2−△△ CT method). Three replicate wells were set 
up for each sample, and each experiment was repeated three 
times.

Western blot

Western blot analysis was employed to examine the protein 
levels of Leptin and AMPK. Total protein was extracted 

https://www.solarbio.com/
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using enhanced RIPA lysate containing 1% protease inhibi-
tor (P0013B, Beyoncé Biotechnology Co., Ltd., Shanghai, 
China, http:// beyot ime. bioon. com. cn/ reage nt_ 32771. html) 
according to strict instructions and protein was measured 
using the Beyoncé BCA protein quantification kit concentra-
tion. SDS-PAGE separated the proteins, and the separated 
proteins were electrotransferred to PVDF membranes, and 
5% BSA was closed at room temperature for 1 h. Primary 
antibodies for Leptin (ab16227, 1:1000 dilution, rabbit anti-
body, Abcam, UK) and AMPK (ab32047, 1:2000 dilution, 
rabbit antibody, Abcam, UK) were applied to the sample. 
Following this, the membranes were washed three times 
with PBST, each wash lasting 5 min. After washing, the 
anti-rabbit-HRP secondary antibody (Cat # 7074, 1:5000 
dilution; CST, USA) was added and allowed to interact for 
1 h at room temperature. This was followed by another three 
rounds of washing with PBST, each round lasting 5 min. 
Throughout the process, GAPDH was used as the control. 
The PBST was discarded, an appropriate amount of ECL 
working solution (CPSOC, Sigma) was added, and the trans-
fer film was incubated at room temperature for 1 min. The 
excess ECL reagent was removed, the film was sealed with 
cling film, and an X-ray film (Z380164, Sigma) was placed 
in the dark box for 5–10 min after exposure for development 
and fixation. The groups of bands in the Western blot images 
were quantified in greyscale using Image J analysis software, 
with GAPDH as an internal reference.

Blood cell analyzer for peripheral blood leukocyte 
count

Sample processing Venous blood was drawn from all 
enrolled observers on an empty stomach in the morning. 
Peripheral blood leukocyte (WBC) count was completed 
using a SysmexXT-4000i blood cell analyzer [36].

MSP‑PCR detection of mitochondrial DNA mutations 
in peripheral blood leukocytes

To extract mtDNA from peripheral blood leukocytes, 2–3 ml 
of heparin-anticoagulated venous blood was extracted from 
each leukocyte and purified the mtDNA. GAT CCT TGC 
ATG TGT AAT CT-3′, the primers were synthesized by the 
Shanghai Bioengineering Research Centre of the Chinese 
Academy of Sciences and purified by PAGE. The high-
fidelity PCR kit and PCR product purification kit were 
purchased from Roche. The 1528 bp PCR product nucleic 
acid fragment was used as the sequencing template. The 
sequences were sequenced automatically on an ABI prism 
3700 sequencers using the dideoxytetra-color fluorescent 
dye labeling method. For statistical processing, sequencing 
data were analyzed using DNAStar software. Sequences 
were proofread using the GenBank H. sapiens mitochondrial 

genome version with base variation rate = the total number 
of variant bases/the total number of bases measured × 100% 
[37–39].

Statistical methods

All data were analyzed using SPSS 24.0 statistical software 
(SPSS, Inc., USA). Normality and homogeneity of variance 
tests were conducted for all data. Normally distributed con-
tinuous variables are presented as mean ± standard devia-
tion. Independent samples t-test was used for comparisons 
between the two groups. A significance level of P < 0.05 was 
considered statistically significant for all analyses.

Results

Leptin/AMPK signaling pathway identified using 
transcriptome sequencing

The identified mRNA counts were analyzed differently using 
the R language “edgeR” package, resulting in 147 up-reg-
ulated mRNAs and 160 down-regulated mRNAs (Fig. 1A). 
KEGG enrichment analysis showed that they were mainly 
involved in the AMPK/p38 MAPK signaling pathway, focal 
adhesion, PI3K-Akt signaling pathway and HIF-1 signaling 
pathway, and other biological processes (Fig. 1B). Further 
PPI analysis of differentially expressed genes revealed that 
Leptin was at the core of the PPI network (Fig. 1C). In addi-
tion, Leptin was significantly lower in the peripheral blood 
of the observation group (breast cancer patients who devel-
oped fatigue after chemotherapy) compared to the control 
group (breast cancer patients who did not develop fatigue 
after chemotherapy) (Fig. 1D).

Leptin/AMPK signaling pathway may affect fatigue 
after chemotherapy in breast cancer patients

To investigate the molecular mechanisms that regulate 
fatigue after chemotherapy in breast cancer patients, we 
predicted through the GeneMANIA database that Leptin 
activates its downstream target gene AMPK (Fig. 2A). The 
correlation analysis with GEPIA showed that Leptin and 
AMPK were closely related (P< 0.05) (Fig. 2B). Meanwhile, 
the sequencing results showed that compared with the con-
trol group, the expression level of AMPK in the peripheral 
blood of patients in the observation group was also signifi-
cantly increased (Fig. 2C). Combined with the results of dif-
ferential gene KEGG enrichment analysis (Fig. 1B), AMPK 
is mainly involved in AMPK/p38 MAPK signaling pathway 
and other biological processes.

http://beyotime.bioon.com.cn/reagent_32771.html
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Acupuncture improves post‑chemotherapy fatigue 
and immune status in breast cancer patients

To investigate the effects of acupuncture treatment on fatigue 
symptoms and immune status of breast cancer patients 
before and after chemotherapy, we counted the PFSR fatigue 
scores and QLQ-C30 quality of life scores before and after 
acupuncture treatment in two groups of patients. As shown 
in Table S2, there was no statistically significant difference 
between the scores of each dimension and the total scores 
of the two groups before treatment (P > 0.05). However, 
when compared within the group before and after treatment, 
the differences in the scores of each dimension and total 
scores between the two groups were statistically significant 
(P < 0.05); when compared between the groups after treat-
ment, the acupuncture treatment group was significantly 

lower than the sham acupuncture treatment group (P < 0.05). 
As shown in Table S3, the differences were not statistically 
significant (P > 0.05) when comparing the QLQ-C30 scores 
of each dimension between the two groups before treatment; 
when comparing between groups after treatment, the QLQ-
C30 scores of each dimension in the acupuncture treatment 
group were significantly higher than those in the sham acu-
puncture treatment group (P < 0.05).

Acupuncture increases Leptin/AMPK signaling 
pathway‑related factors in breast cancer patients 
after chemotherapy

To investigate the effect of acupuncture treatment on the 
expression levels of Leptin/AMPK signaling pathway-
related factors in breast cancer patients, next, we detected 
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the expression levels of Leptin and AMPK in the periph-
eral blood of breast cancer patients before and after acu-
puncture treatment by RT-qPCR, and the results showed 
(Fig. 3A): before treatment, compared with the sham acu-
puncture treatment group, the expression levels of Leptin 
and AMPK expression were not significantly different; after 
treatment, compared with the sham acupuncture treatment 
group, the expression of Leptin and AMPK in the acupunc-
ture treatment group was reduced, and consistent results 
were obtained by Western blot experiments (Fig. 3B), and 
the expression levels of Leptin/AMPK signaling pathway-
related factors in peripheral blood samples were further 
detected by ELISA, and the results showed that there was 
no significant difference in the expression of Leptin and 
AMPK compared with the sham acupuncture treatment 
group; after treatment, the expression of Leptin and AMPK 
was reduced compared with the sham acupuncture treatment 
group (Fig. 3C).

Acupuncture increases leukocyte counts 
and reduces mitochondrial DNA mutation rates 
in breast cancer patients after chemotherapy

To investigate the effect of acupuncture treatment on T-cell 
subsets in the peripheral blood of breast cancer patients 
before and after chemotherapy, we analyzed T lymphocyte 
subsets and immunoglobulin levels in peripheral blood 
before and after treatment using flow cytometry. As shown 
in Fig. 4A and Table S4, there was no statistically significant 
difference in T lymphocyte subsets before and after treat-
ment in the sham acupuncture treatment group (all P > 0.05); 
CD3 + and CD4 + levels were significantly higher in the acu-
puncture treatment group than in the pre-treatment and sham 

acupuncture treatment groups (all P < 0.05), and CD8 + lev-
els were significantly lower than in the pre-treatment and 
sham acupuncture treatment groups (all P < 0.05). No sig-
nificant changes were observed in the indicators before and 
after treatment (all P > 0.05). The current study found that 
the activity of CD3 + and CD4 + cells decreased significantly 
in patients with breast cancer treated with post-operative 
chemotherapy, while the activity of CD8 + cells increased.

The correlation between cellular immune function and 
the severity of cancer-caused fatigue has been widely recog-
nized [40, 41]. In this study, CD3 + and CD4 + levels were 
significantly increased, and CD8 + levels were significantly 
decreased in the acupuncture treatment group, while no 
significant changes were observed in the sham acupuncture 
treatment group, suggesting that acupuncture treatment in 
post-operative chemotherapy patients with breast cancer is 
more helpful in regulating T lymphocyte subpopulation lev-
els. To further investigate the effect of acupuncture treatment 
on the levels of IgA, IgG, and IgM in the peripheral blood 
of breast cancer patients before and after chemotherapy, we 
analyzed the levels of IgA, IgG, and IgM in the peripheral 
blood before and after treatment by immunoturbidimetric 
method, as shown in Fig. 4B and Table S5, and the results 
showed that the differences between the levels of IgA, IgG, 
and IgM in the sham acupuncture treatment group before 
and after treatment were not statistically IgG is the most 
basic and the most abundant immunoglobulin in the human 
body, accounting for 71–75% of the total immunoglobulins, 
and is the main substance involved in the body’s immune 
response; IgM is the largest molecular weight and the first 
immunoglobulin produced by the immune response.

To investigate the effect of acupuncture treatment on 
peripheral blood leukocytes in breast cancer patients 
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Fig. 2  Analysis of the correlation between Leptin/AMPK and breast 
cancer patients in the TCGA database. Note: A GeneMANIA data-
base predicts the Leptin/AMPK signaling pathway; B GEPIA ana-
lyzes the correlation between Leptin/AMPK (where the horizontal 
axis represents log2(PRKAA1 TPM), the vertical axis represents 

log2(LEP TPM), P-value < 0.05); C box plot of AMPK expression 
results in sequencing data (black represents the control group, breast 
cancer patients after chemotherapy without fatigue; red represents the 
observation group, breast cancer patients after chemotherapy with 
fatigue)
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before and after chemotherapy, leukocyte counts were per-
formed using a blood cell analyzer. As shown in Fig. 4C 
and Table S6, the differences in peripheral blood levels 

before and after treatment in the sham acupuncture treat-
ment group were not statistically significant (both P > 0.05); 
the peripheral blood leukocyte counts after treatment in the 
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Fig. 3  Expression levels of Leptin/AMPK signaling pathway-related 
factors in peripheral blood of breast cancer patients detected by 
ELISA after chemotherapy. Note: A RT-qPCR was used to detect 
the expression levels of Leptin and AMPK in the peripheral blood 
of breast cancer patients before and after acupuncture treatment; B 
Western blot was used to detect the expression levels of Leptin and 

AMPK in peripheral blood of breast cancer patients before and after 
acupuncture treatment; C ELISA was used to detect the expression 
levels of Leptin/AMPK signaling pathway-related factors in periph-
eral blood samples. * indicates P < 0.05 compared to pseudo-acu-
puncture treatment
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acupuncture treatment group were significantly higher than 
those before treatment and in the sham acupuncture treat-
ment group (both P < 0.05). In addition, the results of the 
leukocyte mitochondrial DNA mutation rate showed that 
there was no statistically significant difference in the level 
of leukocyte mitochondrial DNA mutation rate before and 
after treatment in the sham acupuncture treatment group (all 
P > 0.05); the leukocyte mitochondrial DNA mutation rate 
after treatment in the acupuncture treatment group was sig-
nificantly lower than that before treatment and in the sham 
acupuncture treatment group (all P < 0.05).

Discussion

Through transcriptome sequencing, we found that the Leptin/
AMPK signaling pathway may be a key molecular pathway 
affecting the occurrence of fatigue in breast cancer patients 
after chemotherapy. Numerous studies have reported the 
close relationship between Leptin and AMPK, where Lep-
tin enhances the level of AMPK phosphorylation, activates 
the AMPK signaling pathway, and promotes the transport 
of ATP channels [42]. In addition, studies have reported the 
relationship between Leptin and post-chemotherapy fatigue 
in breast cancer, where the expression of Leptin increases 
during fatigue, and the results suggest that Leptin is a poten-
tial biomarker for post-chemotherapy fatigue [19]. Further-
more, studies have found that inhibiting the AMPK/PI3K/

Akt signaling pathway can alleviate mitochondrial damage 
and improve tumor-related fatigue [23]. These findings are 
consistent with the conclusions of our study.

AMPK is an evolutionarily conserved serine/threonine 
kinase that can induce metabolic changes to maintain the 
balance of energy production and expenditure within cells. 
It has been reported that AMPK can directly participate 
in regulating apoptosis in muscle cells through signaling 
pathways, including mTOR-ULK1 and FOXO3a [43, 44]. 
Furthermore, studies have shown that AMPK activation can 
decrease mitochondrial membrane potential [45]. Addition-
ally, research has demonstrated that Shengmai Fangzheng 
Injection (SFI), a traditional Chinese medicine formulation, 
can specifically inhibit the AMPK/PI3K/Akt signaling path-
way, suppress muscle cell apoptosis, increase mitochondrial 
membrane potential, and alleviate mitochondrial dysfunc-
tion, thereby improving post-chemotherapy fatigue in cancer 
patients [23]. Therefore, we believe Leptin may induce phos-
phorylation and activation of AMPK. When Leptin/AMPK 
signaling pathway is inhibited by acupuncture treatment, 
mitochondrial function damage can be reduced, thus improv-
ing fatigue after chemotherapy in breast cancer patients. In 
addition, Leptin, AMPK, and other factors become targets 
to improve fatigue after chemotherapy in adenocarcinoma 
patients, thus providing a new theoretical basis for acupunc-
ture therapy to improve fatigue after chemotherapy in adeno-
carcinoma patients.
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Fig. 4  Acupuncture treatment on the expression levels of related fac-
tors affecting chemotherapy fatigue in breast cancer patients. Note: A 
column and flow charts of CD3 + , CD4 + , and CD8 + cell expression 
levels before and after treatment; B column charts of IgA, IgG, and 
IgM expression levels before and after treatment; C column charts 

of white blood cell count and white blood cell mitochondrial DNA 
mutation rate before and after treatment (where black represents 
before acupuncture treatment, gray represents after acupuncture treat-
ment, * denotes significant difference, P < 0.05)
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Inflammatory markers and fatigue are closely related 
during the treatment of cancer patients, with high levels of 
interleukin 6 (IL-6), interleukin 1 (IL-1), and tumor necro-
sis factor-alpha positively correlating with the degree of 
fatigue after chemotherapy in cancer patients [46]. These 
pro-inflammatory factors maintain a relative dynamic bal-
ance in the body by regulating secretory signaling pathways 
in immune and other peripheral cells and facilitating the 
return of cells to a steady state through the inflammatory 
process [47]. Stimulated by chemotherapy, tumor cells die, 
releasing more tumor necrosis factor, inducing more inflam-
matory responses, and more cytokines are secreted into the 
peripheral nervous system, signaling to the central nervous 
system [48, 49]. The central nervous system alters neural 
processes by sensing inflammation and integrating signals 
from the peripheral nervous system, resulting in symptoms 
of fatigue [50–52]. Our results demonstrate that acupuncture 
can effectively alleviate the fatigue symptoms in breast can-
cer patients after chemotherapy, and the molecular mecha-
nism may be related to the regulation of the Leptin/AMPK 
signaling pathway by acupuncture, which is consistent with 
previous studies.

Furthermore, multiple studies have shown that acupunc-
ture can act on multiple aspects, including the neuroen-
docrine, immune, metabolic, and hemodynamic systems, 
to produce a regulatory effect, thereby improving fatigue 
symptoms in cancer patients [53]. In addition, acupuncture 
has been proven to significantly improve the immune func-
tion of patients with advanced cancer, thereby improving 
fatigue, depression, and sleep disorders [54]. Studies have 
also reported that acupuncture treatment can improve fatigue 
symptoms in breast cancer patients after chemotherapy, and 
it is a safe and effective treatment for post-chemotherapy 
fatigue in breast cancer patients [24]. Furthermore, research 
results have shown that acupuncture treatment can improve 
post-chemotherapy fatigue in breast cancer patients by regu-
lating the gut microbiota-gut-brain axis [55].

This study also revealed the critical role of the Leptin/
AMPK signaling pathway in post-chemotherapy fatigue 
in breast cancer patients through RNA-Seq sequencing 
data analysis and protein–protein interaction analysis. The 
results show that acupuncture is a negative regulatory factor 
of Leptin, which down-regulates Leptin expression. Con-
versely, Leptin is a positive regulatory factor of AMPK, 
and down-regulated Leptin can inhibit the AMPK signal-
ing pathway. Other studies support this finding. Multiple 
studies have shown that Leptin is related to tumor develop-
ment and fatigue symptoms and can affect tumor progression 
and fatigue occurrence through the regulation of metabo-
lism, immune, and neuroendocrine systems, among others 
[56–58].

Furthermore, in vivo, mouse experiments have shown 
that acupuncture treatment can reduce Leptin expression 

levels [59]. In addition, studies have reported the relationship 
between Leptin and the AMPK signaling pathway, where Lep-
tin can activate the AMPK signaling pathway and promote 
tumor occurrence and progression [60]. Additionally, we found 
that the Leptin content in peripheral blood was significantly 
reduced after treatment [61]. This result is consistent with pre-
vious findings that Leptin levels are an important biomarker 
for tumor progression and fatigue symptoms. Furthermore, 
previous studies have found that Leptin levels and expression 
associated with malignant tumors play a vital role in tumor 
progression and can be used as a diagnostic and prognostic 
indicator [56, 62].

IgM is the immunoglobulin with the largest molecular 
weight and the first immune response, which plays a key role 
in early immune defense but has a lower protective effect than 
IgG; IgA is the most synthesized globulin, which is widely 
distributed on the mucosal surface and mainly targets patho-
gens infecting the mucosa via the respiratory and urinary tracts 
[63–65]. The levels of IgA, IgG, and IgM were significantly 
higher in the acupuncture treatment group after treatment than 
in the pre-treatment and sham acupuncture treatment groups in 
the results of this study. The amount of change in IgG was even 
more pronounced, indicating that acupuncture treatment helps 
the organism’s immune response to function and promotes 
the synthesis and secretion of immunoglobulins in patients 
undergoing chemotherapy after breast cancer surgery. There-
fore, we hypothesized that acupuncture treatment could help 
regulate the balance of T lymphocyte subsets and promote 
immunoglobulin synthesis and secretion in patients treated 
with post-operative chemotherapy for breast cancer.

Finally, this study found that acupuncture treatment can 
improve the immune status of T lymphocyte subsets in the 
peripheral blood of breast cancer patients and reduce the inci-
dence of white blood cell mitochondrial DNA mutations. Our 
results showed that acupuncture treatment could promote the 
proliferation ability of peripheral blood leukocytes and that 
acupuncture is a negative regulatory factor of white blood cell 
mitochondrial DNA mutation, which can inhibit white blood 
cell mitochondrial DNA mutation. Various factors influence 
mitochondrial function, including immunity, metabolism, 
and oxidative stress. The impairment of these factors can lead 
to mitochondrial DNA mutations, ultimately affecting mito-
chondrial function and tumor metabolism [66]. A previous 
study has shown that acupuncture treatment can improve the 
immune system function of patients by increasing the antibody 
level and white blood cell count and protecting the immune 
organs, among others [67]. In addition, studies have confirmed 
the significant therapeutic effect and safety of acupuncture 
treatment for chemotherapy-induced leukopenia [68]. There-
fore, we believe that acupuncture treatment can improve the 
mitochondrial function and tumor metabolism status of can-
cer patients by improving the immune status and regulating 
metabolism.
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Conclusion

In summary, we can draw the following preliminary con-
clusions: Leptin is a positive regulator of AMPK, which 
regulates AMPK phosphorylation, activating the AMPK 
signaling pathway, and acupuncture treatment can inhibit 
the Leptin/AMPK signaling pathway. In summary, acupunc-
ture treatment can reduce mitochondrial functional impair-
ment by inhibiting the Leptin/AMPK signaling pathway, 
thereby improving breast cancer patients. In conclusion, 
acupuncture treatment can reduce mitochondrial functional 
impairment by inhibiting the Leptin/AMPK signaling path-
way, thereby improving post-chemotherapy fatigue in breast 
cancer patients (Fig. 5). Our study initially revealed the pos-
sible molecular mechanisms underlying the improvement of 
post-chemotherapy fatigue by acupuncture treatment, which 
provides a theoretical reference for the clinical management 
of post-chemotherapy fatigue in cancer patients.

The current study presents an innovative approach to alle-
viate fatigue in breast cancer patients after chemotherapy 
by regulating the Leptin/AMPK signaling pathway. The 
molecular basis of this mechanism is revealed through 
RNA-Seq transcriptome sequencing and bioinformatics 
analysis. Moreover, the effectiveness of acupuncture treat-
ment in improving fatigue in breast cancer patients after 
chemotherapy is validated. Additionally, various methods, 
including composite fatigue scores, peripheral blood T lym-
phocyte subsets, and peripheral blood IgA, IgG, and IgM 
levels, are employed to evaluate fatigue and immune status 
changes. The results demonstrate a significant improvement 
in patients’ fatigue symptoms and immune status through 
acupuncture treatment. However, limitations of the study 
exist. Firstly, the research employs a small sample size, pos-
sibly introducing bias into the results. Secondly, the study 
lacks in-depth experimental research investigating the 

mechanism of acupuncture treatment, such as exploring the 
regulation of the Leptin/AMPK signaling pathway and the 
underlying molecular mechanisms through cell culture and 
animal experiments. In addition, specific acupuncture points 
and stimulation intensity are not adequately investigated. 
Finally, the study lacks long-term follow-up to determine the 
long-term effects of acupuncture treatment on breast cancer 
patients’ fatigue and immune status.
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