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Abstract. Effect of combined propofol‑sevoflurane anesthesia 
on immune function in pediatric patients with acute lympho-
blastic leukemia  (ALL) was investigated. A retrospective 
analysis was performed on 150 pediatric patients with ALL 
who were admitted to Xiangyang No. 1 People's Hospital 
Affiliated to Hubei University of Medicine from May 2014 
to October  2017. All eligible patients were treated with 
intrathecal chemotherapy and were randomized into three 
groups according to the type of anesthesia used: group A, 
propofol used only; group  B, sevoflurane used only; and 
group C, combined propofol and sevoflurane used. Venous 
blood samples were drawn, respectively, at 30 min before 
anesthesia (T1) and 24 h after anesthesia (T2). Flow cytometry 
was used to detect the percentages of T‑ and B‑cell subsets, 
as well as the ratio of Th1/Th2 in T helper cells (Th cells). 
Serum levels of IFNγ, IL‑4 and TGF‑β were measured using 
enzyme‑linked immunosorbent assay. At T2, the percentages 
of CD3+, CD4+ and CD19+ cells in group C were significantly 
higher than those in groups A and B (P<0.05). The percentage 
of CD8+ cells in group C was significantly higher than that 
in group A (P<0.05). At T2, the percentages of Th1 and Th2 
cells and the Th1/Th2 ratio in group C were higher than those 
in groups A and B (P<0.05). At T2, IL‑4 level in group C 
was significantly higher than that in group A (P<0.05), while 
TGF-β level was significantly lower (P<0.05). The IFNγ level 
in group C was higher than those in groups A and B (P<0.05). 
The IFNγ/IL‑4 ratio in group  C was higher than that in 

group A (P<0.05). Combined propofol‑sevoflurane anesthesia 
was more beneficial to the recovery of T/B cell subset activity, 
to the alleviation of immunosuppression, and the suppression 
of ALL progression, compared to the sole use of propofol or 
sevoflurane.

Introduction

Acute lymphoblastic leukemia (ALL) is a malignant tumor 
characterized by the abnormal proliferation of T‑  and 
B‑lymphoid progenitor cells in the bone marrow, which 
may cause hematopoietic dysfunction and may invade 
extramedullary tissues. ALL is the most common malignant 
hematological tumor with the highest mortality rate among 
children  (1). It can lead to disordered T  cell ratio in the 
blood system, T cell dysfunction, as well as NK cell immune 
dysfunction, causing body's immune function, especially 
cellular immunity, to be seriously impaired (2). ALL not only 
invades the hematopoietic system, but also damages the body's 
immune system, leading to an abnormal Th1/Th2 ratio in 
T helper cells (Th cells), increased presence of CD4+CD25+ 
Treg cells, and increased expression of immunosuppressive 
factors, such as TGF‑β (3). Sudden onset of symptoms and rapid 
disease progression are associated with ALL. If not treated in 
time, ALL can be fatal within weeks or months (4). At present, 
the cause of ALL remains unclear, but genetic factors, such as 
Down's syndrome and related gene mutation/fusion, as well as 
environmental factors, such as radiation exposure and benzene 
homologues, are risk factors (5). Because the early symptoms of 
ALL are mostly fever, bruises and other atypical presentations, 
it is often overlooked, especially in children (6). Although 
new medical treatments, such as immunotherapy, have been 
proposed, the most common treatment methods for ALL 
are chemotherapy with continuous induction of remission, 
radiotherapy and intensive combination therapy. Chemotherapy 
is still the preferred treatment. Intrathecal chemotherapy, in 
which chemotherapy drugs are administered through a lumbar 
puncture, is most routinely prescribed. Bone marrow biopsy is 
regarded as a reliable tool for ALL diagnosis (7,8). Anesthesia 
and sedation are required for bone marrow biopsy, stem cell 
transplantation and intrathecal injection, as pediatric patients' 

Effect of combined propofol‑sevoflurane anesthesia  
on immune function in pediatric patients  

with acute lymphoblastic leukemia
Niu Di1*,  Yue Guo2*  and  Nannan Ding3

Departments of 1Pediatrics and 2Oncology, Xiangyang No. 1 People's Hospital 
 Affiliated to Hubei University of Medicine, Xiangyang, Hubei 441000; 3Department of Pharmacy, 

 Xiangyang Central Hospital Affiliated to Hubei University of Arts and Science, Xiangyang, Hubei 441021, P.R. China

Received August 30, 2018;  Accepted March 28, 2019

DOI: 10.3892/ol.2019.10316

Correspondence to: Dr Nannan Ding, Department of Pharmacy, 
Xiangyang Central Hospital Affiliated to Hubei University of 
Arts and Science, 136 Jingzhou Street, Xiangyang, Hubei  441021, 
P.R. China
E‑mail: nnv2gr@163.com; dd1mol@163.com

*Contributed equally

Key words: combined propofol‑sevoflurane anesthesia, pediatric 
acute lymphoblastic leukemia, immune function, T  cells, B  cells, 
T helper cells



Di et al:  propofol‑sevoflurane anesthesia on lymphoblastic leukemia36

have poor compliance and self‑control. Moreover, pediatric 
patients have a lower tolerance to anesthesia and operation 
than healthy children and adults due to their incomplete 
development of various physical functions and attenuated 
immune function caused by ALL (9). Therefore, the outcomes 
of anesthesia and sedation, as well as the impact on patients' 
immune function, play an important role in prognosis.

Sevoflurane, a new type of inhalational anesthetic agent, 
has a low blood/gas partition coefficient and does not cause 
respiratory tract irritation. The patient has a short recovery 
time after anesthesia. Sevoflurane has high anesthesia 
efficiency and can assist in muscle relaxation in addition to 
sedation (10,11). Propofol, a fast‑acting systemic intravenous 
anesthetic agent, has the characteristics of quick recovery after 
anesthesia, mild gastrointestinal reaction, and low cumulative 
effect after continuous administration (12). Whitlow et al (13) 
found that local anesthetics combined with propofol produced 
safe and effective analgesia and sedation in patients who 
underwent lumbar puncture. It was reported that the choice 
of anesthetic drugs affected not only the anesthetic outcome 
but also the proliferation of cancer cells and the immune 
function (14). Flouda et al (15) reported that sevoflurane and 
propofol had certain effects on cognitive and immune func-
tion in elderly patients with gastric cancer, and the effect on 
cognitive function was minimal. In this study, the effect of 
combined propofol‑sevoflurane anesthesia on the immune 
function of pediatric patients with ALL was explored in order 
to improve the efficacy and safety of anesthesia, as well as the 
prognosis and the survival rate of these patients.

Patients and methods

Patients. A retrospective analysis was performed on the 
clinical data of 150 pediatric patients with ALL who were 
newly diagnosed by bone marrow biopsy from May 2014 to 
October 2017. All patients received intrathecal chemotherapy 
after anesthesia was induced. Patients were separated into 
three groups. In group  A, 50  patients were anesthetized 
with propofol only. In group B, 50 patients were anesthe-
tized with sevoflurane only. In group C, 50 patients were 
anesthetized with combined propofol‑sevoflurane. Patients 
who met the following inclusion criteria were eligible for 
this study: i)  patients who met the diagnostic criteria for 
ALL, which included the bone marrow smear demonstrating 
≥30% lymphoblasts and prolymphocytes; ii) patients aged 
≤14 years; and ⅲ) patients who were administered 10 mg of 
methotrexate (first dose 5 mg) combined with 2 mg of dexa-
methasone in saline through intrathecal injection. Patients 
who met the following criteria were excluded from this study: 
i) patients who had other cancers; ii) patients who had other 
autoimmune diseases; iii) patients who had been vaccinated in 
the previous month; iv) patients who were allergic to propofol 
and sevoflurane; and v) patients who had severe heart, liver, 
or kidney disease. The study was approved by the Ethics 
Committee of Xiangyang No. 1 People's Hospital Affiliated to 
Hubei University of Medicine (XY354I; Xiangyang, China). 
Patients who participated in this research had complete 
clinical data. All subjects and their parents were informed 
and agreed to participate in the clinical study. The parents of 
the child patients signed an informed consent.

Materials and reagents. Scopolamine was purchased from 
Wantong Pharmaceutical group  (Jilin, China) with SFDA 
approval no. H33021318; promethazine was purchased from 
Shanghai Harvest Pharmaceutical Co., Ltd.  (Shanghai, 
China) with SFDA approval no. H31021490; fentanyl was 
purchased from Yichang Humanwell Pharmaceutical Co., 
Ltd. (Yichang, China) with SFDA approval no. H42022076; 
etomidate and atracurium were purchased from Jiangsu 
Hengrui Medicine (Lianyungang, China) with SFDA approval 
nos. H20090248 and H20060869; propofol was purchased 
from Fresenius Kabi AB (Beijing, China) with SFDA approval 
no. J20080023; and sevoflurane was purchased from Lunan 
Better Pharmaceutical Co., Ltd. (Linyi, China) with SFDA 
approval no. H20080681. The FITC kits for CD3, CD4, CD8 
and CD19 measurements were manufactured by Shanghai 
BD Biosciences (Shanghai, China). The ELISA kits for TGF‑β, 
IFNγ and IL‑4 measurements were manufactured by Shanghai 
Beyotime Institute of Biotechnology (Shanghai, China).

Anesthesia procedures
Pre‑anesthesia preparation. All pediatric patients under-
went 4 h fasting and 6 h water‑deprivation before operation. 
Scopolamine (0.1 mg/kg) and promethazine (1 mg/kg) were 
given via intramuscular injection, 30 min before operation. 
An intravenous indwelling trocar was placed. The patient was 
connected to a monitor for checking the vital signs, such as 
blood pressure and heart rate, during anesthesia.

Anesthesia induction and maintenance. General anes-
thesia was induced for all patients using 4.5 µg/kg of fentanyl, 
0.2 mg/kg of etomidate and 1.0 mg/kg of propofol through 
intravenous injection. In group A, after the indexes of patients 
before anesthesia were recorded, target‑controlled infusion 
of propofol was performed at a rate of 3 µg/ml. In group B, 
6 l/min of pure oxygen without nitrogen were inhaled for 3 min 
using a mask, and after the patient's pulse oximetry (SpO2) 
reached 98% or more, the patient took several deep breaths as 
instructed, and then oxygen and 4% sevoflurane were inhaled 
at a rate of 6 l/min. Anesthesia in group C was maintained with 
propofol given by intravenous infusion at a rate of 2.5 mg/kg/h 
in combination with sevoflurane given by mask inhalation at 
a concentration of 1 MAC. The depth of anesthesia ranged 
from 40 to 60 in Narcotrend values for all the three groups. 
Patients were observed for eyelash movement and spontaneous 
breathing. If necessary, 4.5  µg/kg of fentanyl were given 
additionally, and anesthesia was maintained by intermittent 
intravenous infusion of atracurium at a rate of 5 µg/kg/min.

Flow cytometric measurement of T/B‑cell subsets. Peripheral 
venous blood samples (4  ml, heparinized) were drawn, 
respectively, at 30 min before anesthesia (T1) and 24 h after 
anesthesia (T2). Mononuclear cells (MNC) were separated 
from the blood samples using density gradient centrifuga-
tion at 3,000 x g for 15 min at 4˚C. MNC were suspended 
in RPMI‑1640 medium supplemented with 10% fetal bovine 
serum (1x106/cells/ml), and then glutamine was added to a final 
concentration of 2 mmol/l. FITC‑labeled mouse anti‑human 
CD3, CD4, CD8, and CD19 monoclonal antibodies (1:100; 
cat. nos. ab34275, ab59474, ab28010, and ab24936; Abcam, 
Cambridge, MA, USA) and PE‑labeled mouse anti‑human IFNγ 
and IL‑4 monoclonal antibodies (1:300; cat. nos. 12‑7319‑42 
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and 12‑7049‑42; Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) were added to 100 µl of MNC suspension (one kind of 
antibody/100 µl of MNC suspension), respectively, then incu-
bated for 30 min at room temperature in the dark, followed 
by 2 washes with PBS. The cells were fixed by suspension in 
2% paraformaldehyde (0.5 ml) for 30 min. The fixed cells were 
washed with PBS and re‑suspended into 1 ml assay buffer 
waiting for analysis. The percentages of CD4+ and CD8+ T cells 
were measured by flow cytometry (Cell Signaling Technology, 
Inc., Danvers, MA, USA), and the CD4+/CD8+ ratio was 
calculated. The percentages of Th1 (CD4+/IFNγ+) cells and 
Th2 (CD4+/IL‑4+) cells in lymphocytes were obtained and the 
Th1/Th2 ratio was calculated.

ELISA measurement of serum levels of TGF‑β, IFNγ and 
IL‑4. The levels of TGF‑β, IFNγ and IL‑4 (cat. nos. KE00002, 
KE00063, and KE00016; ProteinTech Group, Inc., Wuhan, 
China) in peripheral blood serum were measured using ELISA 
kits in strict accordance with the manufacturer's instructions. 
Serum was diluted in a ratio of 1:1 with assay buffer and added 
to the rabbit anti-human monoclonal antibodies (1:300, cat. 
nos. KE00002, KE00063, and KE00016) pre‑coated plate 
(100 µl/well). The plate was incubated at room temperature for 
120 min, followed by 5 washes. After 5 washes, horseradish 
peroxidase‑labeled goat anti-rabbit secondary polyclonal anti-
body (100 µl/well; cat. nos. SA00001-2; ProteinTech Group, 
Inc.) was added, and the plate was incubated at room tempera-
ture in the dark for 20 min. After adding TMB chromogenic 
substrate (100 µl/well; Beyotime Institute of Biotechnology), 
the plate was covered and incubated at room temperature for 
20 min. Finally, the reaction was stopped by adding a stop 
solution (50 µl/well), and after mixing, the A450 nm value was 
measured using a microplate reader (Bio‑Rad Laboratories, 
Inc., Hercules, CA, USA) equipped with a 450‑nm filter.

Data processing. Statistical analysis was performed using 
SPSS 19.0 statistical software  (IBM Corp., Armonk, NY, 
USA). Measurement data were expressed as mean ± standard 
deviation (mean ± SD). Significant differences among three 

groups were tested by one‑way analysis of variance. In case of 
a significant difference, the LSD‑t‑test was used to compare 
significant differences between two groups. Repeated measures 
analysis of variance was used for comparison at different time 
points. χ2 test was used for the analysis of enumeration data. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

General clinical data of patients in the three groups. As 
shown in Table  Ⅰ, there were no significant differences in 
age, sex, body weight, BMI, percentage of lymphoblasts and 
prolymphocytes, white blood cells, platelets, and immunophe-
notype among the three groups (P>0.05).

Detection of T-cell subsets in peripheral blood samples. At 
T1, there were no significant differences in the percentages 
of CD3+, CD4+, and CD8+, or in CD4+/CD8+ ratio among 
the three groups (P>0.05). At T2, the percentages of CD3+ 
and CD4+ and the CD4+/CD8+ ratios in all groups were 
significantly increased compared with T1 (P<0.05), whereas 
the percentages of CD8+ cells were significantly decreased 
(P<0.05). At T2, the percentage of CD3+ cells in group B was 
significantly higher than that in group A, and the percentage 
of CD3+ cells in group C was significantly higher than those 
in groups A and B (P<0.05). At T2, there was no significant 
difference in the percentage of CD4+ cells between group B 
and A (P>0.05), and the percentage of CD4+ cells in group C 
was significantly higher than those in groups  A and  B 
(P<0.05). At T2, there were no significant differences in the 
percentage of CD8+ cells between groups A and B or between 
groups B and C (P>0.05), but the percentage of CD8+ cells 
in group C was significantly higher than that in group A 
(P<0.05). At T2, there was no significant difference in 
CD4+/CD8+ ratio between groups B and C (P>0.05), whereas 
the CD4+/CD8+ ratios in groups B and C were significantly 
higher than that in group A (P<0.05). The detailed results are 
shown in Table Ⅱ.

Table Ⅰ. General clinical data of patients in the three groups [n (%), mean ± SD].

Variable	 Group A (n=50)	 Group B (n=50)	 Group C (n=50)	 F/χ2	 P‑value

Age (years)	 7.43±3.76	 7.14±3.19	 7.51±3.55	 0.15	 0.86
Sex
  Male	 23 (46)	 25 (50)	 26 (52)	 0.37	 0.83
  Female	 27 (54)	 25 (50)	 24 (48)
Body weight (kg)	 25.12±4.73	 24.82±3.91	 25.43±4.11	 0.26	 0.77
BMI (kg/cm2)	 22.86±3.82	 23.81±4.12	 23.87±4.33	 0.95	 0.39
Lymphoblasts and prolymphocytes (%)	 55.78±11.76	 58.24±12.22	 56.91±10.93	 0.56	 0.57
White blood cells (109/liter)	 64.32±11.43	 59.82±9.78	 62.86±10.98	 2.28	 0.11
Platelets (109/liter)	 54.09±16.22	 57.82±15.97	 53.87±14.93	 1.00	 0.37
Immunophenotype
  B subtype	 31 (62)	 28 (56)	 20 (40)	 0.39	 0.82
  T subtype	 19 (38)	 22 (44)	 30 (60)
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Detection of B‑cell subsets in peripheral blood samples. As 
shown in Table Ⅲ, at T1, there was no significant difference 
in the percentage of CD19+  cells among the three groups 
(P>0.05). At T2, the percentage of CD19+ cells significantly 
increased in all three groups compared with T1 (P<0.05). At 
T2, there was no statistical difference in the percentage of 
CD19+ cells between groups A and B (P>0.05), whereas the 
percentage of CD19+ cells in group C was significantly higher 
than those in groups A and B (P<0.05).

Th1/Th2 ratio in Th cells. The percentages of Th1 and Th2 
cells, as  well  as the ratio of Th1/Th2, in each group are 
shown in Table Ⅳ and Fig. 1. At T1, there were no significant 
differences in the percentages of Th1 and Th2 cells, or in the 
Th1/Th2 ratio among the three groups (P>0.05). At T2, the 
percentages of Th1 and Th2 cells and the Th1/Th2 ratios were 

significantly higher in all three groups compared with T1 
(P<0.05). At T2, the percentage of Th1 cells in group B was 
higher than that in group A, and the percentages of Th1 and 
Th2 cells in group C were higher than those in groups A and B 
(P<0.05). There was no significant difference in the percentage 
of Th2 cells between groups A and B (P>0.05). The Th1/Th2 
ratio in group C was higher than those in groups A and B 
(P<0.05), whereas there was no significant difference between 
groups A and B (P>0.05).

Serum levels of TGF‑β, IFNγ and IL‑4, and IFNγ/IL‑4 ratio. 
The serum levels of TGF‑β, IFNγ and IL‑4, as well as the 
IFNγ/IL‑4 ratio in each group are shown in Table Ⅴ and Fig. 2. 
At T1, there were no significant differences in the serum levels of 
TGF‑β, IFNγ and IL‑4 and in IFNγ/IL‑4 ratio among the three 
groups (P>0.05). At T2, the serum levels of IFNγ and IL‑4, and 

Table Ⅱ. Detection of T‑cell subsets (CD3+, CD4+ and CD8+) in peripheral blood (mean ± SD).

T‑cell subset	 Group A	 Group B	 Group C	 F	 P‑value

CD3+ (%)
  T1	 42.98±5.82	 43.82±6.13	 45.31±7.33	   1.67	 0.19
  T2	 56.25±5.91	 58.83±6.11a	   64.32±6.32a,b	 22.71	 <0.001
  t	 11.31	 12.26	 13.89
  P‑value	   <0.001	  <0.001	  <0.001
CD4+ (%)
  T1	 24.33±4.82	 25.13±5.12	 23.92±3.19	   0.95	 0.39
  T2	 33.77±4.08	 35.41±5.11	   39.27±3.91a,b	 20.60	 <0.001
  t	 10.57	 10.05	 21.51
  P‑value	   <0.001	  <0.001	  <0.001
CD8+ (%)
  T1	 33.78±6.78	 35.86±5.92	 34.11±6.33	   1.55	 0.22
  T2	 24.44±5.22	 26.13±4.91	  28.11±5.39a	   6.30	 <0.001
  t	   7.72	  8.95	  5.10
  P‑value	   <0.001	  <0.001	  <0.001
CD4+/CD8+

  T1	   0.72±0.16	   0.75±0.31	  0.69±0.11	   1.09	 0.37
  T2	   1.17±0.21	    1.38±0.33a	   1.43±0.28a	 12.34	 <0.001
  t	 12.05	  9.84	 17.39
  P‑value	   <0.001	  <0.001	  <0.001

aP<0.05 vs. group A; bP<0.05 vs. group B.

Table Ⅲ. Detection of B‑cell subset (CD19+) in peripheral blood samples (mean ± SD).

CD19+ (%)	 Group A	 Group B	 Group C	 F	 P‑value

T1	   9.11±3.21	 10.12±4.11	 9.67±3.98	   0.89	 0.41
T2	 13.86±4.31	 14.21±3.21	  18.43±3.87a,b	 22.13	 <0.001
t	 6.25	 5.55	 11.16
P‑value	 <0.001	 <0.001	  <0.001

aP<0.05 vs. group A; bP<0.05 vs. group B.
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the IFNγ/IL‑4 ratios significantly increased, compared with T1, 
whereas the level of TGF‑β significantly decreased (P<0.05) in 
all the groups. At T2, the TGF‑β level in group C was signifi-
cantly higher than that in group A (P<0.05), whereas there was 
no significant difference in TGF‑β level between groups A 
and B, or between group B and C (P>0.05). The IFNγ level in 
group B was higher than that in group A, and in group C was 
higher than those in groups A and B (P<0.05). At T2, there was 
no significant difference in IL‑4 level between groups A and B, 
whereas the IL‑4 level in group C was higher than those in 
groups A and B (P<0.05). At T2, there was no significant differ-
ence in IFNγ/IL‑4 ratio between groups A and B, as well as 
between groups B and C (P>0.05), whereas the IFNγ/IL‑4 ratio 
in group C was higher than that in group A (P<0.05).

Discussion

ALL is a malignant clonal disease of lymphoid progenitor 
cells characterized by the presence of a large number of 
prolymphocytes that interfere with the production of new red 
blood cells, white blood cells and platelets (16). At present, 
anesthesia or sedation is required in the diagnosis and treat-
ment of ALL  (17). For pediatric and adolescent patients, 
analgesia and sedation can prevent emotional distress caused 
by a painful operation, thus improving operation quality (18). 
The outcome of anesthesia and sedation, including the effect 
on immune function of pediatric patients with ALL, is closely 
associated with the prognosis (19). Mozhaev et al (19) have 
reported that combined epidural‑general anesthesia can 
effectively reduce the effect of T‑cell immune function on 
postoperative cognitive function in patients with esophageal 
cancer. In this study, the effect of combined propofol‑sevoflu-
rane anesthesia on the immune function of pediatric patients 
with ALL was explored, aiming at improving the efficacy and 
safety of anesthesia, as well as the prognosis and the survival 
rate of these patients.

Group A received propofol anesthesia, group B received 
sevoflurane anesthesia, and group C received combined propo
fol‑sevoflurane anesthesia. There were no significant differences 
in the general clinical data, such as, age, sex, body weight, 
BMI, percentage of lymphoblasts and prolymphocytes, white 
blood cells, platelets, and immunophenotype among the three 
groups. The percentages of lymphoblasts and prolymphocytes 
were >30% in all groups, meeting the diagnostic criteria of 
ALL. CD3+ is a common surface marker of T cells, CD4+ is 
a surface marker of Th cells, and CD8+ is a surface marker of 
cytotoxic T lymphocytes (CTL). A high ratio of CD4+/CD8+ 
represents relatively strong autoimmune function (20). CD19+ 
is expressed on the surface of B  lymphocytes  (21). By 
measurement of T‑cell subsets in peripheral blood, it was found 

Table Ⅳ. Th1/Th2 ratio in Th cells (mean ± SD).

Th cell	 Group A	 Group B	 Group C	 F	 P‑value

Th1 (%)
  T1	 32.98±5.82	 33.82±6.13	 35.31±7.33	   1.67	 0.19
  T2	 56.25±5.91	  58.83±6.11a	    64.32±6.32a,b	 22.71	 <0.001
  t	 11.31	 12.26	 13.89
  P‑value	   <0.001	  <0.001	  <0.001
Th2 (%)
  T1	 24.33±4.82	 25.13±5.12	 23.92±3.19	   0.95	 0.39
  T2	 33.77±4.08	 35.41±5.11	    39.27±3.91a,b	 20.60	 <0.001
  t	 10.57	 10.05	 21.51
  P‑value	   <0.001	  <0.001	  <0.001
Th1/Th2
  T1	   1.24±0.22	   1.13±0.41	   1.11±0.39	   1.99	 0.14
  T2	   2.48±0.58	   2.46±0.52	      2.81±0.33a,b	   8.09	 <0.001
  t	 14.13	 14.20	 23.53
  P‑value	   <0.001	  <0.001	  <0.001

aP<0.05 vs. group A; bP<0.05 vs. group B. Th cells, T helper cells.

Figure 1. Ratio of Th1/Th2. At T1, there was no significant difference in 
Th1/Th2 ratio among the three groups (P>0.05). At T2, Th1/Th2 ratios were 
significantly higher in all three groups, compared with T1 (*P<0.05). At T2, 
there was no significant difference in Th1/Th2 ratio between groups A and B 
(P>0.05), whereas the Th1/Th2 ratio in group C was significantly higher than 
those in groups A (#P<0.05) and B (§P<0.05). Th cells, T helper cells.
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that there were no significant differences in the percentages of 
CD3+, CD4+, CD8+, and CD19+ cells and in CD4+/CD8+ ratio 
among the three groups before anesthesia. After anesthesia 
and chemotherapy, the percentages of CD3+, CD4+ and 
CD19+ cells and the ratios of CD4+/CD8+ in all three groups 
became significantly higher than those before anesthesia, 
whereas the percentages of CD8+ cells became significantly 
lower. These findings suggest that the activity of T/B‑cell 

subsets in each group is improved after chemotherapy. The 
results from between‑group comparisons further indicate that 
combined propofol‑sevoflurane anesthesia is more beneficial 
to the recovery of immune function, by restoring the activity of 
T/B cell subsets, compared with propofol only or sevoflurane 
only. In a study on the effects of combined sevoflurane‑fentanyl 
or propofol‑fentanyl on the immune function in patients 
with colorectal cancer, Viallard et al (22) reported that the 
percentages of CD3+ cells in both groups decreased from 
2 h after operation, compared with those before anesthesia. 
The percentage of CD3+ cells in combined propofol‑fentanyl 
group increased 24 h after operation, which was obviously 
higher than that in the combined sevoflurane‑fentanyl group. 
Compared with those before anesthesia, the postoperative 
percentages of CD4+  cells increased significantly in both 
groups. The ratio of CD4+/CD8+ decreased from 2 to 24 h 
after operation, and at each time‑point the ratio of CD4+/CD8+ 
in the combined propofol‑fentanyl group was significantly 
higher than that in the combined sevoflurane‑fentanyl group 
(P<0.05). The percentage of CD4+  cells in the combined 
propofol‑fentanyl group was significantly higher at 24 h after 
operation than that at the end of operation. Apparently, there 
is a discrepancy between the findings of Viallard et al (22) 
and the results of the present study. This might be due to the 
different treatment options followed in the two studies, and 
also because combined propofol‑sevoflurane anesthesia was 
used in the present study.

At T1, there were no significant differences in the percent-
ages of Th1 and Th2 cells, and in Th1/Th2 ratio among the 

Figure 2. Ratio of IFNγ/IL‑4. At T1, there was no significant difference in 
IFNγ/IL‑4 ratio among the three groups (P>0.05). At T2, IFNγ/IL‑4 ratios 
were significantly higher in all three groups compared with T1 (*P<0.05). At 
T2, there was no significant difference in IFNγ/IL‑4 ratio between groups A 
and B, or between groups B and C (P>0.05), whereas the IFNγ/IL‑4 ratio in 
group C was higher than that in group A (#P<0.05).

Table Ⅴ. Serum levels of TGF‑β, IFNγ and IL‑4 and IFNγ/IL‑4 ratio (mean ± SD).

Variable	 Group A	 Group B	 Group C	 F	 P‑value

TGF‑β (ng/ml)
  T1	     2.34±0.51	     2.21±0.36	    2.36±0.58	   1.37	 0.26
  T2	     1.76±0.34	     1.62±0.42	     1.49±0.44a	   5.63	 <0.001
  t	  6.69	   7.54	   8.45
  P‑value	  <0.001	   <0.001	   <0.001
IFNγ (ng/ml)
  T1	 130.33±6.82	 131.13±5.12	 128.92±4.19	   2.08	 0.12
  T2	 151.44±4.08	  146.41±5.11a	   178.92±6.91a,b	 20.60	 <0.001
  t	 18.78	 14.94	 43.75
  P‑value	  <0.001	   <0.001	   <0.001
IL‑4 (ng/ml)
  T1	   34.92±6.78	   35.43±6.11	  34.96±5.78	   0.10	 0.90
  T2	   44.44±5.31	     46.11±4.781	     46.11±5.22a,b	 12.21	 <0.001
  t	   5.35	   6.09	 10.12
  P‑value	  <0.001	   <0.001	   <0.001
IFNγ/IL‑4
  T1	     1.11±0.42	     1.13±0.71	    1.15±0.99	   3.29	 0.04
  T2	     2.78±0.48	     2.86±0.32	     2.91±0.33a	   1.91	 0.15
  t	   3.66	   2.45	   9.08
  P‑value	  <0.001	   0.01	   <0.001

aP<0.05 vs. group A; bP<0.05 vs. group B.
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three groups. At T2, compared with T1, the percentages of 
Th1 and Th2 cells and the Th1/Th2 ratios were significantly 
higher in all three groups. CD4+ cells are mainly Th cells, 
which can differentiate into Th1 and Th2 cells. CD8+ cells 
are mainly cytotoxic T cells and suppressor T cells  (23). 
Therefore, the percentages of Th1 and Th2 cells increase along 
with the increase of the percentage of CD4+ T cells. This is 
consistent with the results of T/B‑cell subsets measurements 
in this study. Th1/Th2 ratio increased significantly, indicating 
that the Th1/Th2 balance drifted to Th1 after anesthesia 
and chemotherapy. Chemotherapy relieved the body's state 
of immunosuppression. Studies have shown that in tumor 
patients, tumor cells can escape from the body's immune 
response. Th2 cells secrete more cytokines, such as IL‑4 
and IL‑10, causing an imbalance in Th1/Th2 ratio (24,25). 
At T2, the Th1/Th2 ratio in group C was higher than those 
in groups  A and  B. This finding suggests that combined 
propofol‑sevoflurane anesthesia is more beneficial in allevi-
ating immunosuppression, compared with propofol only or 
sevoflurane only.

In comparison of serum levels of TGF‑β, IFNγ and IL‑4 
and the ratio of IFNγ/IL‑4, it was found that at T2 the serum 
levels of IFNγ and IL‑4 and the ratios of IFNγ/IL‑4 were all 
higher, while the levels of TGF‑β were lower than those at T1 
in all the three groups. TGF‑β is a tumor immunosuppressive 
factor that promotes the growth of tumor cells, and a decrease 
in TGF‑β expression indicates an enhanced suppression of 
tumor cell growth (26). The ratio of IFNγ/IL‑4 is an index 
of Th1/Th2 cell balance, because Th1 cells mainly secrete 
pro‑inflammatory factors, such  as IFNγ, and Th2 cells 
mainly secrete anti‑inflammatory factors, such as IL‑4 (27). 
Therefore, the above‑mentioned findings suggest that tumor 
growth is suppressed after anesthesia and chemotherapy. The 
serum level of TGF‑β and the ratio of IFNγ/IL‑4 were higher 
in group C than those in group A, suggesting that combined 
propofol‑sevoflurane anesthesia is more beneficial to the 
suppression of tumor progression, compared with propofol 
only. However, there are certain limitations in the present 
investigation. The specific mechanism of propofol combined 
with sevoflurane anesthesia was not investigated. Also, the 
sample size should be increased to further explore the role of 
propofol combined with sevoflurane anesthesia.

In summary, combined propofol‑sevoflurane anesthesia is 
more conducive to the recovery of T/B‑cell subsets activity, 
the alleviation of immunosuppression, and the suppression of 
ALL progression, compared with propofol only or sevoflu-
rane only.
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