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Abstract 

Background The incidence and mortality rate of gastrointestinal cancers are high worldwide. Increasing studies have 
illustrated that the occurrence, progression, metastasis and prognosis of cancers are intimately linked to the immune 
system. Mitochondria, as the main source of cellular energy, play an important role in maintaining the physiological 
function of immune cells. However, the relationship between mitochondrial function of immune cells and tumorigen-
esis has not yet been systematically investigated.

Methods A total of 150 cases, including 60 healthy donors and 90 primary gastrointestinal cancer patients without 
anti-tumor treatments (30 with gastric cancer, 30 with liver cancer and 30 with colorectal cancer) were involved in 
our study. The oxidant/antioxidant and cytokine levels in plasma, the ROS level, mitochondrial function and apoptosis 
ratio of peripheral blood mononuclear cells (PBMCs) were evaluated.

Results The imbalance between oxidant and antioxidant in plasma was discovered in the primary gastrointestinal 
cancer patients. The levels of cell reactive oxygen species (ROS) and mitochondrial ROS in PBMCs of primary gastro-
intestinal cancers were significantly increased compared with that in healthy donors. Meanwhile, the ATP content, 
the mtDNA copy number and the mitochondrial membrane potential (MMP) in PBMCs of patients with primary 
gastrointestinal cancers were lower than those in control group. The decreased MMP also occurred in immune cells 
of gastrointestinal cancers, including T cell, B cell, NK cell and monocyte. Furthermore, the PBMCs apoptosis ratio of 
primary gastrointestinal cancer patients was significantly higher than that of control group. Importantly, an increase of 
IL-2 and IL-6 and a decrease of IgG in plasma were found in the patients with primary gastrointestinal cancers. These 
changes of mitochondrial function in immune cells were consistent among primary gastrointestinal cancers without 
anti-tumor treatments, such as liver cancer, gastric cancer and colorectal cancer.

Conclusion Our study demonstrated that the imbalance of oxidation/antioxidation in primary gastrointestinal 
cancer patients without anti-tumor treatments results in excessive ROS. The oxidative stress was associated to 
the mitochondrial dysfunction, the apoptosis of immune cells and eventually the abnormal immune function in 
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primary gastrointestinal cancers. The application of immune cell mitochondrial dysfunction into clinical evaluation is 
anticipated.

Keywords Gastrointestinal cancers, PBMCs, Mitochondrial dysfunction

Background
In 2021, Sung et  al. published the global cancer statis-
tics of 2020 and provided the estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries [1]. 
This research reported that the number of new cancer 
cases was estimated to be 19,292,789 in the world with 
a gross incidence rate of 247.5/10  million in 2020. The 
number of new deaths was 9,958,133 cases and the crude 
mortality rate was 127.8/10  million. Top five types of 
cancer with incidence were breast cancer (11.7%), lung 
cancer (11.4%), colorectal cancer (10%), prostate cancer 
(7.3%) and gastric cancer (5.6%). Lung cancer is the lead-
ing cause of cancer death worldwide, accounting for 18% 
of the total cancer deaths, followed by colorectal can-
cer (9.4%), liver cancer (8.3%), gastric cancer (7.7%) and 
female breast cancer (6.9%). Therefore, the impact of gas-
trointestinal cancers on human health cannot be ignored.

With advances of tumor immunology and molecu-
lar biology, researchers have realized that the occur-
rence and development of malignant tumors are not 
only related to the change of the genetic background of 
tumor cells, but also closely related to the immune func-
tion of the body. Immunologists put forward the theory 
of tumor immune editing, including immune surveil-
lance and immune escape [2]. In recent years, it has been 
demonstrated that the occurrence, development, metas-
tasis and prognosis of tumor are significantly associated 
with the immune mechanism of the body. The decline of 
immune function can lead to the occurrence of tumor [3, 
4]. For instance, patients with lung cancer had varying 
degrees of reduction of T lymphocyte subsets in periph-
eral blood, especially in patients with advanced cancer 
[5]. Analogously, a study about liver cancer found that 
the cellular immune function of patients was generally 
lower than that of healthy persons.  CD3+ T cells,  CD4+ 
T cells and  CD4+/  CD8+ T were decreased in the liver 
cancer patients. These results suggested that the obvious 
changes of cellular immunosuppression occurred in the 
occurrence and development of liver cancer [6, 7].

Recently, the relationship between cancer and mito-
chondria functions has gained more attention. It has 
been revealed that the mitochondrial electron transport 
chain is necessary for tumor growth [8, 9]. As is well 
known, the basic function of mitochondria is to syn-
thesize ATP and supply energy for cells [10]. Mitochon-
dria ensure the needs of almost all cellular physiological 
processes by producing ATP, such as the contraction of 

skeletal muscle and myocardium, the maintenance of 
transmembrane ion gradient, and even the secretion of 
hormones and neurotransmitters [11]. A large number of 
studies have shown that mitochondrial abnormalities are 
closely related to various diseases such as neurodegener-
ative diseases, diabetes and cardiovascular diseases [12]. 
However, the role of mitochondrial changes of immune 
cells in tumor development has not been fully elucidated. 
The biological function of immune cells directly or indi-
rectly depends on the energy supply of ATP [13, 14]. As 
the main source of cell energy, mitochondria play an 
important role in maintaining the normal physiological 
function of cells. Also, mitochondria is involved in the 
production of oxygen free radicals and regulation of cell 
death process.

Therefore, we hypothesized that mitochondrial dys-
function of peripheral blood mononuclear cells (PBMCs) 
was associated with the gastrointestinal cancers. The pre-
sent study aimed to verify the hypothesis by investigating 
whether PBMCs mitochondrial function in patients with 
gastrointestinal cancers is lower than that in healthy con-
trols using a case-control study.

Methods
Participants
A total of 90 patients with gastrointestinal cancers, 
including 30 with gastric cancer, 30 with liver cancer 
and 30 with colorectal cancer, were enrolled in the study 
(Table 1). The inclusion criteria for cancer patients are as 
follows: (1) Patients with complete clinical data volun-
tarily participated in the study; (2) no history of chronic 

Table 1 Information of gastrointestinal cancer patients and 
healthy donors

Gastrointestinal cancers Control

Numbers 90 60

Age (years)

 Average age 56.68 57.20

 Age range 43–77 40–75

Gender (%)

 Male 54 (60) 36 (60)

 Female 36 (40) 24 (40)

Tumor type (%)

 Gastric cancer 30 (33.33)

 Liver cancer 30 (33.33)

 Colorectal cancer 30 (33.33)
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diseases of blood or immune system; (3) no previous his-
tory of malignant tumors; (4)These patients were first 
diagnosed as primary gastric cancer, liver cancer or colo-
rectal cancer, excluding metastatic gastrointestinal can-
cers; (5) The gastrointestinal cancers were confirmed by 
pathology or histology; (6) The peripheral blood samples 
were collected for subsequent evaluation before anti-
tumor treatments, such as radiotherapy, chemotherapy, 
surgical treatment, immunotherapy, etc.; and (7) the 
confounding factors such as gender, age, long-term resi-
dence, smoking, drinking and lifestyle of cancer patients 
were matched with those of healthy controls. Meanwhile, 
60 healthy donors were recruited as the control group. 
Inclusion of healthy volunteers requires: (1) healthy vol-
unteers voluntarily participated in the study; (2) no his-
tory of chronic diseases of blood or immune system; (3) 
no history of malignant tumors; (4) the gender, age, long-
term residence, smoking, drinking, lifestyle and other 
confounding factors of healthy volunteers were matched 
with the case group.

Detection of oxidative stress parameter
The peripheral blood samples were collected before anti-
tumor treatments, such as radiotherapy, chemotherapy, 
surgical treatment, immunotherapy, etc. The blood was 
anticoagulated with EDTA, followed by centrifugation 
for 10  min at 750×g. The supernatant was collected as 
plasma. The content of malondialdehyde (MDA), the 
total antioxidant capacity (T-AOC) and the glutathione 
peroxidase (GSH-Px) activity in plasma were detected by 
the assay kit (CAT#: A003-2, A015-2 and A006-2, Nan-
jing Jiancheng Bioengineering Institute) according to the 
manufacturer’s instructions.

Cytokine level assessment
The Interleukin-2 (IL-2), Interleukin-6 (IL-6), Immuno-
globulin G(IgG), tumor necrosis factor-α (TNF- α) and 
tumor necrosis factor-α (TNF- β) in plasma were deter-
mined by the ELISA kit (Invitrogen, USA) according to 
the manufacturer’s instructions.

Preparation of peripheral blood mononuclear cells 
(PBMCs)
The peripheral blood samples were collected before anti-
tumor treatments, such as radiotherapy, chemotherapy, 
surgical treatment, immunotherapy, etc. The blood was 
anticoagulated with EDTA, followed by centrifugation 
for 10  min at 750×g. After discarding the supernatant, 
an equal volume of normal saline was added and mixed 
gently to resuspend the peripheral blood cells. The same 
volume of lymphocyte separation solution was added 
to another centrifuge tube. And the peripheral blood 
suspension was also added to it gently. The tube was 

centrifuged at 750×g for 15 min, the intermediate PBMC 
layer was collected into another centrifuge tube, and 3 
mL of normal saline was added, followed by centrifuga-
tion for 5  min at 750×g. After discarding the superna-
tant, the precipitate was used for the following detection.

Reactive oxygen species (ROS) assessment
After the PBMCs were extracted, the cell concentration 
was adjusted to 1 ×  106/mL. The cells were resuspended 
in a 10 mL DCFH-DA probe (CAT#: S0033M, Beyotime) 
with a concentration of 10 µmol/L. Then, the cells were 
incubated at 37 °C for 20 min, washed twice with phos-
phatebuffered saline (PBS), and resuspended in 500 µL 
of PBS. DCFH-DAlabeled cells were analyzed using flow 
cytometry.

Mitochondrial reactive oxygen species (ROS) assessment
Mitochondrial ROS (mtROS) generation was detected 
using MitoSOX Red (CAT#: M36008, Invitrogen). Hank’s 
balanced salt solution (HBSS) buffer was used to dilute 
the MitoSOX Red mitochondrial superoxide indicator 
(5 mM) to achieve a final 5 µM working solution. The 
PBMCs were incubated with dye for 30  min at 37  °C, 
washed twice with phosphatebuffered saline (PBS), and 
resuspended in 500 µL of PBS. MitoSOX Redlabeled cells 
were analyzed using flow cytometry.

Mitochondrial membrane potential (ΔΨm) assessment
T cells and B cells in PBMCs were labelled with anti-CD3 
and anti-CD19 antibodies. NK cells were labelled with 
anti-CD3 and anti-CD56 antibodies. Monocytes were 
labelled with anti-CD14 antibody. The cells were stained 
with 1 µM rhodamine-123 (CAT#: C2008S, Beyotime) for 
30 min to evaluate the ΔΨm. The cells were then washed 
and analyzed using flow cytometry.

ATP assay
Intracellular ATP of PBMCs was detected by using an 
ATP assay kit (CAT#: S0027, Beyotime). Briefly, cell lysis 
buffer was used to dissociate the PBMCs before centrifu-
gation at 4  °C for 10  min at 12,000×g. The supernatant 
was retained for the ATP assay, in which luminance was 
measured by using a Synergy HT multi-mode microplate 
reader (Biotek, Winooski, VT, USA).

The mtDNA copy number assessment
Genomic DNA was extracted from PBMCs using the 
blood/cell genomic DNA extraction kit (TIANGEN 
biotenology) according to the manufacturer’s proto-
col. The copy number of mtDNA was evaluated using 
quantitative real-time polymerase chain reaction (PCR). 
The primers used for mitochondrial encoded NADH 
dehydrogenase-1 (ND-1) and β-actin were as follows: 
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ND-1 forward 5′-CCC TAA AAC CCG CCA CAT CT-3′; 
ND-1 reverse 5′-GAG CGA TGG TGA GAG CTA AGGT-
3′; β-actin forward 5′-AAG ACC CCA GCA CAC TTA 
GCC- 3′; and, HGB reverse 5′-TAG CAC AGC CTG GAT 
AGC AAC-3′.

Flow cytometry (FCM) analysis of apoptosis
PBMCs apoptosis was measured using FCM with Propid-
ium Iodide (PI) and Annexin V-FITC Apoptosis Detec-
tion Kits (CAT#: 556570, BD Biosciences) according to 
the manufacturer’s instruction. The apoptosis ratio was 
the sum of cells that were positive for Annexin V-FITC 
staining plus cells that were positive for both Annexin 
V-FITC and PI, divided by the total number of cells.

Statistical analysis
SPSS 24.0 (IBM Corp., Armonk, NY, USA) was used 
for the statistical analysis. Data are expressed as 
mean ± standard deviation (SD). Two-sided P value 

of less than 0.05 was considered to indicate statistical 
significance.

Results
The imbalance of oxidation and antioxidation 
was observed in the primary gastrointestinal cancer 
patients without anti‑tumor treatments
A total of 150 cases, including 60 healthy donors and 90 
patients with primary gastrointestinal cancers without 
anti-tumor treatments (30 with gastric cancer, 30 with 
liver cancer and 30 with colorectal cancer) were included 
in our study (Fig.  1). Increased oxidative stress, defined 
as an imbalance between prooxidants and antioxidants, is 
associated with numerous pathophysiological processes, 
resulting in molecular damage and disruption of redox 
signaling. We examined the oxidation/antioxidation indi-
cators in patients with primary gastrointestinal cancers 
(without anti-tumor treatments) and healthy controls. 
Compared with the controls, the total antioxidant capac-
ity (T-AOC) and glutathione peroxidase (GSH-Px) of 
patients with gastrointestinal cancers were significantly 

Fig. 1  Overview of the study design. A total of 150 cases, including 60 controls and 90 primary gastrointestinal cancer patients without anti-tumor 
treatments (30 with gastric cancer, 30 with liver cancer and 30 with colorectal cancer) were involved in our study. Plasma was isolated to detect 
the oxidative stress parameter and the levels of cytokines. PBMCs was isolated to detect the level of ROS, mtROS, MMP, ATP content, the mtDNA 
copy number and apoptosis. PBMCs, peripheral blood mononuclear cells; T-AOC, total antioxidant capacity; GSH-Px, glutathione peroxidase; MDA, 
malondialdehyde; IL-2, interleukin 2; IL-6, interleukin 6; TNF-α, tumor necrosis factor α; TNF-β, tumor necrosis factor β; IgG, immunoglobulin G; MMP, 
mitochondrial membrane potential; ROS, reactive oxygen species; ATP, adenosine triphosphate
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decreased (Fig. 2A, B). Besides the total of primary gas-
trointestinal cancers, all the three gastrointestinal cancer 
subtypes, including gastric cancer, liver cancer and colo-
rectal cancer, presented the consistent changes (Fig. 2A, 
B). While the level of malondialdehyde (MDA) of primary 
gastrointestinal cancers was remarkably higher than that 
of control groups (Fig.  2C). These results implied that 
the T-AOC, GSH-Px and MDA were related to primary 
gastrointestinal cancers without anti-tumor treatments. 
Notably, there were no significant differences among 
three caner types that are liver cancer, gastric cancer and 
colorectal cancer. Furthermore, we discovered that the 
level of reactive oxygen species (ROS) in PBMCs of pri-
mary gastrointestinal cancers without anti-tumor treat-
ments was significantly increased compared with that 
of control group (Fig. 2D, E). To explore the association 
of ROS with oncogenic pathways, we investigated the 
gene expression variation in primary gastrointestinal 
cancers based on the TCGA datasets [15]. Four cancer 
types from the TCGA database were used in the differ-
ential expression analysis, including stomach adenocar-
cinoma (STAD), colon adenocarcinoma (COAD), rectum 
adenocarcinoma (READ), liver hepatocellular carcinoma 
(LIHC). Differentially expressed genes were identified 
using the LIMMA method of GEPIA2 [16] between 
STAD, COAD, READ and LIHC tumors and their paired 
normal samples, respectively. Gene ontology and KEGG 
pathway analysis showed that up-regulated genes in four 
gastrointestinal tumor tissues were significantly enriched 
in PI3K-Akt and MAPK signaling pathway (Fig. 2F). The 
average expression of these signaling-related genes were 
significantly increased in four cancers (Fig.  2G). These 
results demonstrate that increased ROS may be asso-
ciated positively with the oncogenic pathways such as 
MAPK, PI3K, etc.

Mitochondrial dysfunction of PBMCs was observed 
in the primary gastrointestinal cancer patients 
without anti‑tumor treatments
Next, we attempted to resolve whether upregulation of 
oncogenic signaling pathway by oxidative stress could lead 
to the changes in the immune repertoire. Mitochondria 
are at the crossroads of several cellular activities such as 
energy production in the form of adenosine triphosphate 
(ATP) through oxidative phosphorylation pathway and 
generation of ROS. Hence, we detected the mitochon-
drial function of immune cells in the primary gastrointes-
tinal cancer patients without anti-tumor treatments and 
healthy donors. The mtROS level in the PBMCs of patients 
with primary gastrointestinal cancers was higher than that 
in the control group (Fig. 3A, B). Meanwhile, the ATP of 
PBMCs was markedly reduced in PBMCs from the patients 
with gastrointestinal cancers compared with that in the 

control group (Fig.  3C). These changes were conserved 
between three gastrointestinal cancer subtypes. Also, it 
has been reported that the mtDNA copy number, an index 
of mitochondrial biogenesis, is extensively changed under 
the pathophysiological condition. The copy number of 
mtDNA-encoded subunit ND-1 (mtND-1) is a convenient 
and well-recognized marker for total mtDNA copy num-
ber. The mtND-1 copy number in PBMCs of the primary 
gastrointestinal cancer patients without anti-tumor treat-
ments was lower than that in the control group (Table 2). 
There were no significant differences of ATP, mtROS and 
mtND-1 in PBMCs between liver cancer, gastric cancer 
and colorectal cancer. These results suggested that mito-
chondrial dysfunction was observed in PBMCs of the pri-
mary gastrointestinal cancers patients without anti-tumor 
treatments.

Mitochondrial membrane potential (ΔΨm) of multiple 
immune cells was significantly decreased in the primary 
gastrointestinal cancer patients without anti‑tumor 
treatments
Mitochondrial membrane potential (ΔΨm) is a precise and 
robust indicator of the organelle status, proton pump and 
permeability transition, which plays a key role in vital mito-
chondrial functions. The ΔΨm was markedly reduced in 
PBMCs from the primary gastrointestinal cancer patients 
without anti-tumor treatments compared with that in the 
control group (Fig. 4A, B). We further analyzed the changes 
of MMP in different subgroup of immune cells. T cells and 
B cells in PBMCs were labelled with anti-CD3, anti-CD19 
antibody and their ΔΨm was measured. We observed that 
the ΔΨm in  CD3+  CD19− T cells and  CD3−  CD19+ B cells 
was significantly lower in the primary gastrointestinal can-
cer patients without anti-tumor treatments than that in 
the healthy donors (Fig.  4A, C and D). The ΔΨm of NK 
cells, which were labelled with  CD3−CD56+, was mark-
edly reduced in PBMCs from the primary gastrointestinal 
cancer patients without anti-tumor treatments (Fig.  5A, 
B). Also, the ΔΨm of  CD14+ monocyte was significantly 
decreased in the gastrointestinal cancer patients without 
anti-tumor treatments (Fig. 5C, D). Moreover, the signifi-
cant decrease of ΔΨm in immune cells from the primary 
gastrointestinal cancer patients without anti-tumor treat-
ments was independent of the cancer subtypes, including 
gastric cancer, liver cancer and colorectal cancer (Figs.  4 
and 5).

Mitochondrial changes of PBMCs lead to the decrease 
and dysfunction of immune cells in the primary 
gastrointestinal cancer patients without anti‑tumor 
treatments
In addition to the generation of ATP and ROS, mito-
chondria is also involved in the initiation of apoptosis. 
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Fig. 2  The oxidant and antioxidant level of the primary gastrointestinal cancer patients without anti-tumor treatments and healthy people. A 
The level of T-AOC of plasma in primary gastrointestinal cancer patients diagnosed for the first time and healthy people. B The GSH-Px activity of 
plasma in primary gastrointestinal cancer patients diagnosed for the first time and healthy people. C The content of MDA of plasma in primary 
gastrointestinal cancer patients diagnosed for the first time and healthy people. D The PBMCs ROS level were detected by flow cytometric analysis. 
E The level of PBMCs ROS in primary gastrointestinal cancer patients diagnosed for the first time and healthy people. F Ontology terms and KEGG 
pathways of the up-regulated genes between four cancer types and their paired normal tissues. G Heatmaps illustrating the average expression of 
these pathways-related genes in tumors and paired normal tissues. Values in the graphs represent the mean ± standard deviation; the symbol (***) 
indicates a significant increase compared with the control group (P < 0.001)
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We examined the apoptosis ratio of PBMCs in the pri-
mary gastrointestinal cancer patients without anti-tumor 
treatments and healthy controls. Compared with the 
controls, the apoptosis ratio in PBMCs of patients with 
gastrointestinal cancers was significantly increased. And 
three cancer subtypes, such as gastric cancer, liver cancer 
and colorectal cancer, exhibited the same enhancement. 

(Fig. 6A, B). Immune cells secrete a variety of cytokines, 
which participate in the occurrence and development 
of cancer. Immune inflammatory factors and IgG were 
detected in the primary gastrointestinal cancer patients 
without anti-tumor treatments and healthy controls. 
Compared with the control group, the level of IL-2, IL-6 
were significantly increased and IgG were significantly 
decreased in patients with primary gastrointestinal can-
cers (Fig. 7A–C). While, the levels of TNF-α and TNF-β 
was slightly changed between patients with primary gas-
trointestinal cancers and healthy donors, but there were 
no statistical significances (Fig.  7D, E), These results 
suggested that the apoptosis and secreted cytokines of 
immune cells were affected by the mitochondrial dys-
function in the primary gastrointestinal cancers without 
anti-tumor treatments.

Discussion
Our study found that the total antioxidant capacity 
(T-AOC) and glutathione peroxidase (GSH-PX) activities 
of cancer patients decreased significantly, and the content 

Fig. 3  The mitoROS and ATP content of PBMCs in the primary gastrointestinal cancer patients without anti-tumor treatments and healthy people. 
A The PBMCs mitoROS level were detected by flow cytometric analysis. B The level of mitoROS of PBMCs in the primary gastrointestinal cancer 
patients diagnosed for the first time and healthy people. C The content of ATP of PBMCs in the primary gastrointestinal cancer patients diagnosed 
for the first time and healthy people. Values in the graphs represent the mean ± standard deviation; the symbol (***) indicates a significant increase 
compared with the control group (P < 0.001)

Table 2 The mtND-1 copry number in peripheral blood 
mononuclear cells of the normal controls and primary 
gastrointestinal cancer patients without anti-tumor treatments 
(x ± s)

*** P < 0.01 VS Control

Group n mtND‑1 P***

Control 60 4.84 ± 1.90

Gastrointestinal cancers 90 1.12 ± 0.56 < 0.001

Gastric cancer 30 0.93 ± 0.64 < 0.001

Liver cancer 30 1.22 ± 0.60 < 0.001

Colorectal cancer 30 1.21 ± 0.39 < 0.001
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of malondialdehyde (MDA) increased significantly, sug-
gesting that there was an oxidation/antioxidation imbal-
ance in the primary gastrointestinal cancer patients 
without anti-tumor treatments. These findings support 
that oxidative stress is related to the occurrence and 
development of various tumors, such as gastric cancer, 
colon cancer and bladder cancer [17–19]. Moreover, the 
level of ROS in PBMCs of gastrointestinal cancers was 
significantly increased. ROS, as an important metabolite 
of oxidative stress, can activate mitogen activated pro-
tein kinase (MAPK) signal pathway and promote tumor 
cell proliferation [20]. Also, the increase of ROS in tumor 
cells is positively associated with the downstream PI3K/
Akt/mTOR signal transduction pathway [21]. Consist-
ently, we found that up-regulated genes in tumor tissues 
of patients with gastrointestinal cancers were enriched in 
response to oxidative stress, PI3K-Akt and MAPK signal-
ing pathway.

As the main place for energy generation, mito-
chondria are also the main site for the production of 

ROS [22, 23]. In this study, the level of mtROS in the 
PBMCs of the gastrointestinal cancer patients with-
out anti-tumor treatments was also higher than that 
in the control group. Mitochondrial DNA itself lacks 
the protection of DNA binding protein or histone, so 
mitochondrial DNA is very vulnerable to oxygen free 
radical damage, resulting in mitochondrial biosynthesis 
disorder [24]. mtDNA encodes 13 protein components 
of the mitochondrial oxidative phosphorylation system, 
which are essential for aerobic ATP production. The 
mtND-1 copy number in PBMCs of the primary gas-
trointestinal cancer patients without anti-tumor treat-
ments was lower than that in healthy donors, consistent 
with the decrease of ΔΨm and ATP. ΔΨm is the prem-
ise of maintaining mitochondrial oxidative phosphoryl-
ation and ATP production, and is necessary to maintain 
mitochondrial function [25]. The decrease of ΔΨm 
can not only inhibit cell energy metabolism, but also 
increase mitochondrial membrane permeability, release 
cytochrome oxidase C and cause apoptosis [26]. Based 

Fig. 4  The mitochondrial membrane potential (MMP) of T cells and B cells in the primary gastrointestinal cancer patients without anti-tumor 
treatments and healthy people. A The MMP level were detected by flow cytometric analysis. B The MMP level of T cells  (CD3+CD19−) in the 
primary gastrointestinal cancer patients diagnosed for the first time and healthy people. C The MMP level of B cells  (CD3−CD19+) in the primary 
gastrointestinal cancer patients diagnosed for the first time and healthy people. D The MMP level of PBMCs in the primary gastrointestinal cancer 
patients diagnosed for the first time and healthy people. Values in the graphs represent the mean ± standard deviation; the symbol (***) indicates a 
significant increase compared with the control group (P < 0.001)
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on the fact that ΔΨm is a precise and robust indicator 
of the mitochondrial status, we examined the similar 
changes in various subgroup of immune cells, such as 
T cell, B cell, NK cell and monocyte. The ATP, ΔΨm 
and mtDNA copy number of PBMCs was markedly 
reduced in PBMCs from the primary gastrointestinal 
cancer patients without anti-tumor treatments, indicat-
ing that mitochondrial oxidative stress of PBMCs, espe-
cially immune cells, caused mitochondrial dysfunction, 
which may be one of the main causes of primary gas-
trointestinal cancers.

Immune cells play important roles in tumor pathogen-
esis and progression. Both innate and adaptive immune 
cell types, effector molecules and pathways can collec-
tively function as extrinsic tumor-suppressor mecha-
nisms [27]. When the immune function is weakened, the 
ability of immune cells to clear tumor cells decreases. 
Meanwhile, tumor cells achieve immune escape by 
inducing active effector cell apoptosis and immune offset 
[28–30]. Based on data from our study, immune cells in 
primary gastrointestinal cancers take place the remark-
able changes, in line with the inherited or acquired 

Fig. 5  The mitochondrial membrane potential (MMP) of NK cells and monocytes in the primary gastrointestinal cancer patients without 
anti-tumor treatments and healthy people. A The MMP level of NK cells  (CD3−CD56+) were detected by flow cytometric analysis. B The MMP 
level of T cells  (CD3−CD56+) in the primary gastrointestinal cancer patients diagnosed for the first time and healthy people. C The MMP level of 
monocytes  (CD14+) were detected by flow cytometric analysis. D The MMP level of monocytes  (CD14+) in the primary gastrointestinal cancer 
patients diagnosed for the first time and healthy people. Values in the graphs represent the mean ± standard deviation; the symbol (***) indicates a 
significant increase compared with the control group (P < 0.001)
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Fig. 6  The apoptosis ratio of PBMCs in the primary gastrointestinal cancer patients without anti-tumor treatments and healthy people. A The 
apoptosis of PBMCs were detected by flow cytometric analysis. B The apoptosis ratio of PBMCs in the primary gastrointestinal cancer patients 
diagnosed for the first time and healthy people. Values in the graphs represent the mean ± standard deviation; the symbol (***) indicates a 
significant increase compared with the control group (P < 0.001)

Fig. 7  The level of Immune inflammatory factor in the primary gastrointestinal cancer patients without anti-tumor treatments and healthy people. 
A The level of IL-6 in plasma. B The level of IL-2 in plasma. C The level of IgG in plasma. D The level of TNF-α in plasma. E The level of TNF-β in plasma. 
Values in the graphs represent the mean ± standard deviation; the symbol (***) indicates a significant increase compared with the control group 
(P < 0.001)
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immunodeficiencies in cancer patients [27]. It has been 
confirmed that the number of  CD4+ T cells increased 
in gastric cancer tissue and peripheral blood of patients 
with gastric cancer, while the number of  CD8+ T cells 
decreased [31]. NK cells can prevent cancer development 
and avoid relapse following adoptive immunotherapy 
[32]. These results demonstrated that the composi-
tion and function of immune cells in patient’s periph-
eral blood are closely related to cancer occurrence and 
development.

Immune cells secrete a variety of cytokines (IL-2, IL-6, 
TNF-α, etc.) to participate in the regulation of tumo-
rigenesis. B lymphocytes, known as antibody produc-
ers, mediate tumor cell destruction in the manner of 
antibody-dependent cell-mediated cytotoxicity [33]. 
The level of IgG in the primary gastrointestinal cancer 
patients without anti-tumor treatments significantly 
decreased, suggesting the inhibition of differentiation of 
B cells into IgG-producing cells during tumorigenesis. 
Additionally, IL-2, a T cell growth factor, plays a criti-
cal role in activating T cells, natural killer (NK) cells and 
macrophages in both the innate and adaptive immune 
system. Also, studies have shown that the persistence 
of activated  CD8+ T cells is negatively impacted by the 
strength of interleukin 2 (IL-2) signaling[34]. IL-6 can 
not only promote tumor growth and inhibit tumor cell 
apoptosis, but also activate NF-κB. Here, the increase of 
IL-2, IL-6 were found in the primary gastrointestinal can-
cer patients without anti-tumor treatments. These results 
suggest that combination of mitochondrial dysfunction 
and cytokine expression changes of immune cells in the 
primary gastrointestinal cancers without anti-tumor 
treatments leads to the loss of the immune function.

The novelty of this study lies in that we for the first 
time discovered an association between mitochondrial 
function of immune cell in peripheral blood and pri-
mary gastrointestinal cancers without anti-tumor treat-
ments. There are still some limitations in our study. We 
only focused on the changes of mitochondrial function 
of PBMCs in patients with primary gastrointestinal can-
cers before anti-tumor treatments. While, assessing ther-
apy response or progression free survival or any other 
secondary endpoint to indicate a clinical relevance of 
immune cells mitochondrial function/dysfunction in gas-
trointestinal cancers is a very valuable study. The applica-
tion of immune cells mitochondrial function/dysfunction 
into clinically relevant assessment will be further investi-
gated in future.

Conclusion
Collectively, the imbalance of oxidation and antioxida-
tion was observed in the primary gastrointestinal can-
cer patients without anti-tumor treatments. The level of 

ROS and mtROS in the PBMCs of the primary gastroin-
testinal cancer patients without anti-tumor treatments 
was higher than that of control group. The decrease 
of ATP, mtDNA copy number and ΔΨm of PBMCs is 
associated with the primary gastrointestinal cancers 
without anti-tumor treatments. Also, the decreased 
levels of ΔΨm occurs in immune cells, including T cell, 
B cell, NK cell and monocyte. In addition, there were 
significant differences in the apoptosis ratio of PBMCs 
and the cytokine level between the primary gastro-
intestinal cancer patients without anti-tumor treat-
ments and normal healthy donors. More importantly, 
these differences of mitochondrial function in immune 
cells were consistent among primary gastrointestinal 
cancers, such as liver cancer, gastric cancer and colo-
rectal cancer. Further experimental studies are neces-
sary to investigate the relationship between immune 
cells mitochondrial function/dysfunction and therapy 
response or progression free survival in gastrointestinal 
cancers.
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