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Introduction

Lung carcinoma is a malignant tumor that seriously 
threatens human health and life. About 85% of lung car-
cinoma are non-small cell lung carcinoma (NSCLC). In 
2022, the latest National Cancer Report released by Natio-
nal Cancer Center shows that the number of new patients 
with lung carcinoma in China is around 830,000 every 
year. NSCLC is the malignant tumor with the highest inci-
dence and fatality (1,2). The risk factors for the incidence 
of NSCLC include smoking, alcohol consumption, envi-
ronmental occupation, and genetic factors (3). At present, 
the main clinical treatment methods for NSCLC include 
chemoradiotherapy, complete resection of lung carcinoma 
primary focus, and lymph node metastasis, all of which are 
aimed at clinical cures.

T lymphocyte subpopulation level plays an important 
role in anti-tumor immune monitoring. The changes in T-
lymphocyte subpopulation levels during NSCLC clinical 
staging, before and after NSCLC surgery, and before and 
after chemotherapy are reported in many studies (4-6). T-
cell is a kind of immunocyte originating mainly from plu-
ripotent stem cells (PSC) in bone marrow (from the yolk 
sac and liver during the embryonic stage). It mainly gets 

involved in the cellular immune response. According to 
the types of a cluster of differentiation (CD) on the cell 
surface, the T-cell is divided into two subpopulations, in-
cluding CD4+ and CD8+ (7,8). CD4+ mainly assists in 
the expression of T (Th) cells, which is a useful marker for 
the inhibition and assistance of the induction of subpopu-
lations by cells in the identification of the T-lymphocyte 
subpopulation (9). CD8+ molecule is a kind of transmem-
brane glycoprotein that consists mainly of α and β poly-
peptide chains. The molecular weight of chain α is 34kDa 
and that of chain β is 30kDa. The two chains are linked by 
a disulfide bond at connecting peptides. Each polypeptide 
chain includes 1 IgV-like domain, connecting peptide, a 
transmembrane domain, and cytoplasmic domain (10).

The local drug delivery system refers to the treatment 
method for the direct delivery of drugs to tumor cells for 
taking effect. The system possesses the advantages of a 
high concentration of local drugs, high bioavailability, and 
quick body adaptability (11). Polyethylene glycol (PEG) 
shows strong hydrophilicity and is widely applied in the 
hydrophilic block of nanomicelle to accelerate the disso-
lution of platinum (Pt) drugs by micelle. As a kind of natu-
rally degradable polymer material, hyaluronic acid (HA) 
can deliver Pt drugs into tumor tissues as a drug carrier 
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(12-14).
A targeting nanomicellar system (monomethoxy poly-

ethylene glycol-hyaluronic acid-platinum (mPEG-HA-
Pt)) formed by HA and platinum(II) chloride (DACHPt) 
modified by mPEG was designed and used in the research. 
Long circulation in the body was realized by the enhance-
ment of the osmotic retention effect within the system. As 
a result, the high-level concentration of drugs at the lesion 
sites of NSCLC patients was improved and the toxic and 
side reactions to normal cell tissues were reduced.

Materials and Methods

Research objects
76 NSCLC patients treated at the Oncology Depart-

ment of Chengdu First People's Hospitalbetween May 
2019 and May 2022 were selected, including 42 male 
patients and 34 female patients aged between 55 and 79. 
Their average age was 65.42±8.64. They were randomly 
divided into the treatment group and the control group 
(38 cases in each). According to Tumor Node Metastasis 
(TNM) staging released by Union for International Cancer 
Control (UICC), there were 31 cases with levels I and II 
and 45 cases with levels III and IV. The implementation of 
this research had been approved by Chengdu First People's 
HospitalMedical Ethics Committee. Besides, all patients 
and their family members had known about the research 
and signed informed consent forms.

Patients were included in the research based on the fol-
lowing inclusion criteria.

A. Patients diagnosed with NSCLC by pathological 
examination

B. Patients without infection history and the use of glu-
cocorticoid or immunosuppressant drugs 1 month before 
the experiment

C. Patients without a history of immune diseases or 
family history (such as systemic lupus erythematosus and 
rheumatic osteoarthrosis)

D. Patients with expected survival over 4 months and 
without contraindications of Pt drugs

Patients were excluded from the research based on the 
following exclusion criteria.

A. Patients who took glucocorticoid or immunosup-
pressant drugs 1 month before the experiment

B. Patients with complicated severe heart, liver, kid-
ney, and other major diseases

C. Patients with complicated autoimmune diseases

Treatment methods
Based on Clinical Practice Guidelines in Oncology 

released by National Comprehensive Cancer Network 
(NCCN), the chemotherapy plan for NSCLC patients in 
the treatment group was formulated. A targeting nanomi-
cellar system (mPEG-HA-Pt) was used for the treatment 
for 4 courses. The patients in the control group were per-
formed with a traditional chemotherapy approach. Peri-
pheral blood of the patients in the two groups was extrac-
ted to detect T-lymphocyte subpopulation levels and the 
changes in T-lymphocyte subpopulations before and after 
the treatment 20 days before and after the first immuno-
therapy. During each chemotherapy, the efficacy of che-
motherapy was evaluated once every 2 courses and the 
therapeutic effects on the patients in the two groups were 
compared.

Efficacy evaluation indexes
According to RECIST 1.0 evaluation criteria (15), the 

evaluation of target lesions was divided into the following 
types.

A. Progressive disease (PD)
PD referred to the sum of long diameters of baseline 

lesions increased by 20% or more
B. Partial response (PR)
PR referred to the sum of long diameters of baseline 

lesions reduced by 30% or more
C. Stable disease (SD)
SD referred to the sum of long diameters of baseline 

lesions decreased less than PR or increased less than PD
D. Complete response (CR)
CR referred to the disappearance of all target lesions
The calculation methods for effective rate and stability 

rate were shown in equations 1 and 2 below.

100%PR CRRR
PD PR SD CR

+
= ×

+ + +                         
[1]

100%PR SD CRCBR
PD PR SD CR

+ +
= ×

+ + +                       
[2]

Main reagents and instruments
The main experimental reagents included Tritest CD-

4FITC /CD8PE /CD3PerCP reagent, 10×disposable he-
molysin (Becton,Dickinson and Company (BD), U.S.), 
1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC, 
Sigma-Aldrich Company, U.S.), N-hydroxysuccinimide 
(NHS, Sigma-Aldrich Company, U.S.), DACHPt (Sigma-
Aldrich Company, U.S.), HA (Lifecore Company, U.S.), 
and methoxypolyethylene glycols (mPEG-NH2, Xi’an 
Kaixin Biotechnology Co., Ltd.)

The main experimental instruments included FACSCa-
libur flow cytometer (FCM, BD Company, U.S.), Mercu-
ryPlus 400 nuclear magnetic resonance spectrometer (Va-
rian Company, U.S.), Zetasizer Nano ZS90 nano-particle 
potentiometer (Malvern Company, U.K.), Delta 1-24 LSC 
freezing dry machine (Christ Company, Germany), Fou-
rier transform infrared spectrometer (FTIR, Nicolet Ins-
trument Company, U.S.), and nuclear magnetic resonance 
spectrometer (Bruker 500, Bruker Company, Switzerland).

Detection of T-lymphocyte subpopulations
2mL peripheral venous whole blood was extracted from 

patients in a fasting state in the morning. After that, 5μL 
CD4FITC/CD8PE/CD3PerCP reagents were added into a 
flow tube. Besides, 20μL ethylenediaminetetraacetic acid 
(EDTA) for anticoagulation. Then, it was oscillated and 
mixed evenly before being placed away from light at room 
temperature for 15 minutes. Next, 450μL 10×disposable 
hemolysin was added and then kept away from light at 
room temperature for 15 minutes. After the samples were 
fully dissolved in the blood, FACSCalibur FCM was used 
to detect T-lymphocyte subpopulation levels. In addition, 
multiset software (BD Company, U.S.) was used for the 
analysis and measurement of CD4+ (normal range: 27% 
to 51%), CD8+ (normal range: 15% to 44%), and the ratio 
of CD4+ to CD8+ (normal range: 1.4 to 2.0).

Synthesis of mPEG-HA
EDC/NHS was used as amid condensation agent to 

modify HA with PEG. After that, 10mg HA, 25.65mg 
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Results

Nuclear magnetic resonance spectrum analysis of 
mPEG-HA

The structure of mPEG-HA was confirmed by the 
nuclear magnetic resonance spectrum, as shown in Fi-
gure 1 below. According to Figure 1, (-COCH3:δ=2.05 
ppm) represented the integral area of methyl in HA and 
(-OCH2CH2-:δ=3.71 ppm) referred to the integral area of 
mPEGmethylene in HA in the nuclear magnetic resonance 
spectrum. The integral areas were compared to calculate 
the degree of substitution of mPEG on HA.

Measurement of mPEG-HA infrared spectrum
The analysis of mPEG-HA infrared spectrum was 

shown in Figure 2 below. It was demonstrated that the 
stretching vibration peak of C-O in the OHC-PEG-CHO 
group appeared at 2479.1 cm−1, the stretching vibration 
peak of C-O in the Gal-PEG-CHO group was displayed at 
2412.4cm−1, and the stretching vibration peak of C-N was 
found at 1793.1cm−1. The above results suggested that HA 
was successfully plugged into mPEG.

The particle size of mPEG-HA-Pt and Zeta potential
The detection results of particle size of mPEG-HA-Pt 

and Zeta potential were displayed in Figure 3 below. The 
particle size of mPEG-HA-Pt ranged between 78nm and 
100nm with an average of 84.6±7.5nm. With the degree 
of substitution of PEG rose from 0% to 5%, mPEG-HA-
Pt particle size gradually reduced, which indicated that 
mPEG-HA-Pt formed by PEG-modified HA became more 
stable.

0.13mmoL EDC, and 15.40mg 0.13mmoL NHS were 
weighed and then dissolved in phosphate buffer solu-
tion (PBS) with pH7.4. Next, the mixed solution was 
activated at room temperature for 2 hours. Besides, 
5.36mg, 10.72mg, 16.08mg, and 21.44mg mPEG-NH2 
were weighed and then dripped into the reaction system. 
At room temperature, the reaction was continued for 24 
hours. The reaction products were dialyzed with dialysis 
bags for 48 hours and then purified. After the products 
were frozen and dried, deuterated heavy water was used as 
the solvent. After that, the structure was characterized by 
MercuryPlus 400 nuclear magnetic resonance spectrome-
ter and FTIR was utilized to measure its infrared absorp-
tion spectrum. Finally, the degree of substitution of mPEG 
on HA was calculated by the comparison of the integral 
areas of mPEG methylene in the nuclear magnetic reso-
nance spectrum (-OCH2CH2-:δ=3.71 ppm) and methyl in 
HA (-COCH3:δ=2.05 ppm).

Preparation of mPEG-HA-Pt
Firstly, 18.90mg, 0.05mM DACHPt and 16.99mg 

0.1mM AgNO3 were weighed and then suspended in deio-
nized water under ultrasonic conditions. After that, the 
reaction lasted for 24 hours away from light to form a 
mixed solution of DACHPt. Then, the mixed solution was 
centrifuged at 3000rpm for 10 minutes to remove AgCl 
precipitate. After that, the remaining solution was filtered 
with 0.22µm millipore filter. A certain amount of mPEG-
HA with different degrees of substitution was taken and 
then added into DACHPt mixed solution. The measure-
ment result was [DACHPt]/[COOH]=1.0. The reaction 
products were stirred away from light for 120 hours. Next, 
ultra-infiltration (MW 100KDa) was adopted to remove 
free DACHPt. Finally, DACHPt targeting nanomicelle 
(mPEG-HA-Pt) was successfully prepared.

Characterization of mPEG-HA-Pt
The mPEG-HA-Pt prepared above was performed with 

dynamic light scattering and Zeta potential detection. 1mL 
mPEG-HA-Pt and 1mL blank sample were taken for the 
detection of particle size and polydispersity with a Zetasi-
zer Nano ZS90 nano-particle potentiometer. Next, a trans-
mission electron microscope (TEM) was used to observe 
the size and morphology of mPEG-HA-Pt. In addition, 
inductively coupled plasma-mass spectrometry (ICP-MS) 
was adopted to measure the content of Pt in mPEG-HA-Pt.

Encapsulation efficiency referred to the ratio of DA-
CHPt encapsulated in mPEG-HA-Pt to the total mass of 
the drug of DACHPt. Drug loading capacity referred to the 
percentage of DACHPt in mPEG-HA-Pt among total pre-
paration. The calculation method for drug loading capacity 
was displayed in equation [3] below.

 =    /    100%Drug loading Drug quality in micelles Total mass of drug ×[3]

Statistical methods
The research data were processed and analyzed with 

SPSS19.0 statistical software. Measurement data were de-
noted by mean±standard deviation (x± s) and enumeration 
data were expressed as a percentage (%). P<0.05 indicated 
that the result showed statistical significance.

Figure 1. Nuclear magnetic resonance spectrum analysis of mPEG-
HA.

Figure 2. The infrared spectrum of mPEG-HA. A represented HA and 
B denoted mPEG-HA.
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Morphological characterization of mPEG-HA-Pt
A TEM was used to observe the morphology of mPEG-

HA-Pt, as shown in Figure 4 below. Some spheres with 
uniform size (particle size less than 100nm) could be seen 
in Figure 4, which fully demonstrated that the synthetic 
product of mPEG-HA bound to DACHPt to form micelles 
with nucleocapsid structure.

Measurement of drug loading capacity and encapsula-
tion efficiency of mPEG-HA-Pt by ICP-MS

ICP-MS was employed to measure drug loading ca-
pacity and encapsulation efficiency of mPEG-HA-Pt, 
which were 18.7% and 87.4%, respectively. As the degree 
of substitution of PEG rose from 0% to 5%, both drug 
loading capacity and encapsulation efficiency showed a 
descending trend, which demonstrated that mPEG-HA-Pt 
became more stable with the modification of PEG, as illus-
trated in Figure 5 below.

Results of in vitro release test on mPEG-HA-Pt
The dialysis method was adopted to measure the results 

of in vitro release test on the drug DACHPt in mPEG-HA-
Pt, as shown in Figure 6 below. It was found that DACHPt 
was released continuously from mPEG-HA-Pt. DACHPt 
release process mainly included two stages, including sud-
den release in the first 5 hours and continuous slow release 
after 15 hours. As the degree of substitution of PEG gra-
dually rose from 0% to 1%, 2%, and 5%, the release rate 
of DACHPt gradually became slow, which suggested that 
PEG in outer layers might inhibit the occurrence of the 
exchange interaction between ions and reduce the release 
rate of DACHPt.

Levels of CD4+ and CD8+ lymphocytes in the treat-
ment group and control group

FCM was adopted to measure the expressions of CD4+ 
and CD8+ lymphocytes in the intervention group and the 
control group, as shown in Figure 7A. Compared with that 
in the control group, CD4+ lymphocyte level in the inter-
vention group significantly increased, while CD8+ lym-
phocyte level apparently decreased. The differences were 
statistically significant (P<0.05), as displayed in Figures 
7B and 7C below.

Correlation between efficacy evaluation results and the 
changes in T-lymphocyte subpopulations

After 2 courses of treatment, the efficacy evaluation 
on 38 patients in the intervention group was carried out. 
It was found that there were 8 cases with PR (21.04%), 
19 cases with SD (50.1%), 9 cases with PD (23.65%), 
and 2 cases with CR (5.21%). Besides, the rates of rela-
tive risk (RR) and community-based rehabilitation (CBR) 
reached 26.31% and 76.31%, respectively. After 2 courses 

of chemotherapy, the expressions of CD4+ and the ratio 
of CD4+ to CD8+ among the patients with good efficacy 
evaluation remarkably improved, while the expression of 
CD8+ significantly decreased. The differences were all 
statistically significant (P<0.05), as illustrated in Figure 8 
below. The above results showed that there was a positive 
proportional relationship between the results of different 
efficacy evaluations and T-lymphocyte subpopulation le-
vels among patients. A more significant therapeutic effect 
indicated the more significant rehabilitation of patients’ 

Figure 5. Measurement results of drug loading capacity and encapsu-
lation efficiency of mPEG-HA-Pt.

Figure 3. Detection results of particle size of mPEG-HA-Pt and Zeta 
potential. A represented particle size and B denoted Zeta potential.

Figure 6. Results of in vitro release test on mPEG-HA-Pt.

Figure 4. Electron microscopic image of mPEG-HA-Pt.
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immune functions.

Discussion

With the rapid development of molecular biology, hu-
mans gradually find that the occurrence, development, me-
tastasis, and recurrence of malignant tumors are all related 
to the immune functional mechanism in the body, espe-
cially in cell immunity (16). T-lymphocyte and its subpo-
pulations play an important role in the immune functional 
mechanism. The changes in T-lymphocyte subpopulation 
levels lead to the abnormality of body immune functions. 
T-lymphocyte includes multiple subpopulations with dif-
ferent immune functions. CD4+ lymphocyte plays a cen-
tral role in the immune response. Its main function is the 
assistance and amplification of the production of antibo-
dies and the activation of macrophages(17). CD8+ lym-
phocyte plays a role in the inhibition of immune response 
and activation. It directly inhibits the cytotoxic effect ge-
nerated by antigen-presenting cells. Antigen-specific Th 
and B cells are the target cells, which secrete inhibiting 
factors to mediate effects (18).

mPEG is a non-toxic material that can form a good 
barrier on the surface of drugs to change the kinetic cha-
racteristics of targeted drugs and effectively reduce drug 
discharge rate. What’s more, mPEG can protect HA bio-
degradation and increase the retention time of HA in the 
blood system to improve drug efficacy. DACHPt shows 
poor water solubility. Drug carriers can increase their 
water solubility to reach tumors and achieve targeted the-
rapy (19-21). In this research, DACHPt was used to react 
with silver nitrate to form water PEG, which was distribu-
ted on the surface of nanomicelles. After that, it bound to 
mPEG-HA to form mPEG-HA-Pt by complexation reac-
tion. Besides, film dispersion method was adopted to form 

nanomicelles and DACHPt was encapsulated in nucleus. 
The particle size of mPEG-HA-Pt nanomicelle ranged 
from 78nm to 100nm with an average of 84.6±7.5nm. 
Under TEM, spherical structures with uniform size could 
be observed. With the rise of the degree of substitution of 
PEG, drug loading capacity and encapsulation efficiency 
of drugs gradually reduced.

In recent years, the continuous exploration of relevant 
studies enables scholars to find that the occurrence and 
development of NSCLC are closely associated with the 
functions of immune cell subpopulations. In this research, 
abnormal immune function disorder among patients with 
NSCLC occurred. After 2 courses of nano drug treatment, 
patients’ immune cell functions were significantly impro-
ved. The expressions of CD4+ and the ratio of CD4+ to 
CD8+ apparently enhanced, while the expression of CD8+ 
cells obviously decreased. The differences were statis-
tically significant (P<0.05). Dantoing et al (2021) (22) 
believed that nano drug loading therapy could obviously 
improve the immune functions of patients with middle and 
advanced NSCLC.

To further the relationship between the therapeutic ef-
fects on patients with NSCLC and immune cell functions, 
patients’ cell immune functions were remarkably impro-
ved after 2 courses of treatment. The improvement of cell 
immune functions among patients with PR as efficacy eva-
luation result was more significant than that among pa-
tients with SD and PD as efficacy evaluation results, which 
was similar to the research outcome obtained by Zhai et 
al (2020) (23). The above research results demonstrated 
that a more significant therapeutic effect indicated better 
rehabilitation of patients’ immune functions, which might 
result from the effective control of tumor proliferation, 
progression, and metastasis among NSCLC patients with 
good therapeutic effects.

In the research, a kind of targeting nanomicelle system 

Figure 7. Levels of CD4+ and CD8+ lymphocytes in the treatment 
group and the control group. A showed the representative flow cells 
expressed by CD4+ and CD8+ lymphocytes, B displayed the com-
parison of CD4+ expression levels between the two groups, and C 
presented the comparison of CD8+ expression levels between the two 
groups. Note: * indicated that the comparison with the control group 
showed that the differences were statistically significant (P<0.05).

Figure 8. Correlation between efficacy evaluation results and the 
changes in T-lymphocyte subpopulations. A showed the results of 
efficacy evaluation, B displayed the changes in CD4+ and CD8+ lym-
phocytes, and C illustrated the changes in the ratio of CD4+ to CD8+. 
Note: * indicated that the comparison with PR demonstrated that the 
differences were statistically significant (P<0.05)
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(mPEG-HA-Pt) formed by HA and DACHPt modified by 
mPEG was designed to increase the high-level concen-
tration of drugs at tumor sites among NSCLC patients. 
After nanomicelle therapy for NSCLC patients, their cell 
immune functions were all improved, especially among 
the patients with good efficacy evaluation. The disadvan-
tages of this research lie in the stability of mPEG-HA-Pt 
nanomicelle system needs to be further optimized despite 
successful preparation. Besides, the sample size is limited. 
In follow-up studies, the sample size should be enlarged to 
further investigate whether the improvement of patients’ 
cell immune functions can help improve the therapeutic 
effect of chemotherapy. In conclusion, the research provi-
ded reference and basis for the implementation of timely 
and reasonable immunotherapy among NSCLC patients.
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