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Objective: To analyze the correlation between the expression of circFAT1 in serum and immune cells in patients with non-small cell
lung cancer (NSCLC).

Methods: A total of 96 patients with NSCLC admitted to our hospital from November 2019 to November 2022 were regarded as the
study subjects. In the meantime, 96 volunteers who had physical examination in our hospital were regarded as the control group. The
expression level of circFAT1 in serum was detected by real-time fluorescence quantitative PCR. NSCLC cancer tissue (NSCLC group)
and paracancerous tissue (tissue > 2cm away from the focus) (paracancerous group) were collected during the operation, the
expression of CD4+, CD8+ and Foxp3+ in tissues was determined by immunohistochemistry; the expression level of circFAT1
mRNA in NSCLC tissue was analyzed using the Ualcan database. Spearman correlation was applied to analyze the correlation
between the expression of circFAT1 and immune cells (CD4+, Foxp3+, CD8+).

Results: The level of circFAT1 in NSCLC tissue was higher than that in normal tissue (P < 0.05). Compared with the control group,
the expression level of circFAT1 in serum of NSCLC group was obviously higher (P < 0.05). The expression level of circFAT1 was
related to lymph node metastasis, TNM stage and differentiation (P < 0.05). Compared with the paracancerous group, the positive
expression rate of CD8+ in NSCLC group was obviously lower, and the positive expression rates of CD4+ and Foxp3+ were obviously
higher (P < 0.05). The expression of CD4+, Foxp3+ and CD8+ in NSCLC patients’ cancer tissue was related to lymph node
metastasis, TNM stage and differentiation degree (P < 0.05). Spearman correlation analysis showed that circFAT1 was positively
correlated with the expression of CD4+ and Foxp3+ and negatively correlated with the expression of CD8+ (P < 0.05).
Conclusion: CircFAT1 is highly expressed in the serum of NSCLC patients and is closely related to immune cells.
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Introduction

Non-small cell lung cancer (NSCLC) accounts for 85% of lung cancer cases. For localized stage I or I NSCLC patients,
surgical resection brings a good prognosis with a survival rate of up to 75%.'* Nevertheless, many patients (>5%) are
diagnosed with advanced NSCLC and face a survival rate of below 3%.> A growing number of studies have shown that
circRNAs play an important role in a variety of biological processes, especially in cancer onset and development.”
CircFAT1, which plays an important role in the tumorigenesis of multiple organ systems, is a product of 3283 nucleotides
in length, formed by reverse splicing of exon 1 of the pre-FAT2 mRNA. In squamous cell carcinoma, circFAT1 binds and
activates STAT3 as a way to regulate both cancer stemness and anti-tumor immunity.” Studies of osteosarcoma, cervical
cancer, hepatocellular carcinoma and colorectal cancer have revealed that circFAT1 regulates the behavior of cancer cells,
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including cell proliferation, and invasion/migration, through the adjustment of miR-375/YAP1, miR-409-3p/CDKS, and
miR-30a-5p/REEP3 axes.® In recent years, the relevance between tumor immune cell and tumor pathogenesis, progres-
sion has aroused great concern. There are insights into NSCLC therapy indicating that leukocytes, neutrophils,
lymphocytes, and macrophages directly facilitate the immune response and can be easily and conveniently detected.’
CD4+ T helper (Th) cells play a core role in coordinating the adaptive immune response at epithelial sites.® After Foxp3+
T cells transfer to tumor sites, CD4+ T cells can inhibit cytotoxic T cell activity through intercellular contacts.” CD8+
T cells are core players in the adaptive immune response to infections and cancer.'® Despite significant progress in
NSCLC treatment strategies, NSCLC still exhibits poor prognosis, metastasis, and recurrence. Therefore, it is important
to investigate new therapeutic strategies and potential biomarkers based on the molecular mechanisms of NSCLC

development.

Data and Methods

General Data

Ninety-six NSCLC patients admitted to our hospital from November 2019 to November 2022 were selected as the
NSCLC group. All the patients were diagnosed with NSCLC in pathological examination. Of these, there were 50 men
and 46 women aged 35-75 years, with a mean age of (45.50 + 5.14) years and a body mass index (BMI) of (22.41
(+£3.47) kg/m?. There was smoking history in 45 cases, alcohol consumption history in 47 cases. According to the
WHO pathological classification, there were 45 cases of squamous carcinoma and 51 cases of adenocarcinoma.
According to TNM staging, there were 21, 28, 26, and 21 cases in stages I, II, III, and IV, respectively. Fifty-two
cases had lymph node metastasis, 54 cases had low differentiation as compared to 42 cases with medium and high
differentiation in terms of differentiation degree. Ninety-six volunteers receiving physical examination in our hospital
during the same period were selected as the control group, including 50 men and 46 women aged 34-76 years, with
a mean age of (45.00 + 5.54) years and a BMI of (22.38 + 3.84) kg/m>. No significant difference was observed in the
general data between the two groups (P > 0.05), so the data were comparable. All study subjects were informed of the
study and voluntarily signed the consent form, and the study was approved by the ethics committee of our hospital.
Inclusion criteria for NSCLC patients: (1) meet the diagnostic criteria for NSCLC in the “Clinical Guidelines of
Chinese Medical Association for the Treatment of Lung Cancer (2018 edition)”; (2) age >18 years. Exclusion criteria:
(1) patients with immune diseases; (2) patients with contagious diseases; (3) patients with other malignant tumors; (4)
patients with other lung diseases; (5) patients in pregnancy or lactation; (6) patients with a mental disorder who cannot
communicate normally, as shown in Figure 1.

Methods

Detection of the Expression Level of Serum circFAT |

Ten milliliters of fasting venous blood was drawn from both NSCLC patients and volunteers on the day after
hospitalization and the day of the physical examination, respectively, centrifuged at 4200rpm for 20min with
a centrifugal radius of 10cm. The supernatant was taken and stored in a —20°C refrigerator for later use. The serum
circFAT1 levels were detected by real-time fluorescence quantitative PCR. Total RNA was extracted using TRIzol (Item
No. 19201ES60, Yeasen Biotechnology Co., Ltd.), reverse transcription kit (Item No. RP1105, Beijing Solarbio Science
& Technology Co., Ltd.) was used to reverse RNA into cDNA, and 2xSYBR GreenFast qPCR Mix (Item No.: IBIO-
C141, Jiangxi IBIO Biotechnology Co., Ltd.) was used for real-time fluorescence quantitative PCR reaction. The total
reaction system was 20puL, consisting of 2xSYBR Green Fast gPCR Mix 10uL, and upstream and downstream primers of
0.8uL each, cDNA 1pL, ddH20 7.4puL. The reaction conditions were as follows: 96°C for 4 min, 96°C for 10s, 58°C for
30s, 72°C for 10s, for a total of 40 cycles. The primer sequences were: circFAT1 upstream: 5’-
GAGGACGCCAGAAGAGATGG-3’, downstream: 5’-GCCAAATGTCTCCCCATTGC-3. GAPDH upstream: 5’-
CACCCACTCCTCCACCTTTG-3, “downstream: 5”-CCACCACCGTTGCTGTAG-3’. The primers were synthesized
by Hefei Zhi En Biology Co., Ltd.
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265 patients with NSCLC (complete data)

|

106 patients with other types of primary

malignant tumors were excluded

L

32 patients with acute and chronic infectious or

infectious diseases were excluded

A2

Among them. 18 patients with severe cardiovascular

and cerebrovascular diseases were excluded

!

13 patients with severe organ dysfunction were

45 cases of squamous cell carcinoma and 51 cases of

adenocarcinoma; There were 21 cases of stage I, 28
cases of stage II, 26 cases of stage III. and 21 cases

of stage IV sepsis

Figure | Case collection flow chart.

Detection of Expression of Immune Microenvironment-Related Factors by Immune
Cell

Patients were treated surgically, and NSCLC cancer tissues (NSCLC group) and para-carcinoma tissues (tissues >2 cm
from the lesion) (para-carcinoma group) were collected intraoperatively and preserved for measurement after paraffin
embedding. The expression levels of CD4+, CD8+, Foxp3+ in NSCLC cancer tissues were determined using immuno-
histochemistry. The paraffin sections were routinely dewaxed to water state and antigen repaired to eliminate endogenous
peroxidase, incubated at 37°C with primary antibody, incubated with secondary antibody, hematoxylin re-stained for 2
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min after DAB coloration, differentiated, dehydrated and sealed. CD4+, CD8+ were interpreted as follows. Positive
expression was defined when yellow, tan, or brown particles appeared. Scoring content: high expression was identified if
the percentage of stained positive cells in the field of view and the range of epithelial cell infiltration in tumor tissue >5%.
Otherwise, it was low expression. Foxp3+ was interpreted as follows: 4 points if the staining color was brownish yellow
and positive cells >75%, with 3 points for 51%—75%, 2 points for 26%—-50%, 1 point for 6%—-25%, 0 point for <5%. The
staining intensity was scored 3 points if it was tan, with 2 points for pale brown, 1 point for yellow and 0 point for
colorless. The product of the two yielded the total score. A score of 0—4 points suggested low expression and a score of
5-12 points indicated high expression.

Database Search
The expression analysis of FAT1 in lung adenocarcinoma was performed by searching the TCGA dataset in the Ualcan
database (http://ualcan.path.uab.edu), with the gene symbol set as FAT1 and the dataset set as lung adenocarcinoma.

Statistical Methods
The relevance between circFAT1 expression and immune cell (CD4+, Foxp3+, CD8+) was analyzed by Spearman
correlation analysis. P<0.05 indicated statistical significance.

Results
Comparison of circFAT | Expression Levels in NSCLC Tissues and Normal Tissues in
the Ualcan Database

In the Ualcan database, the expression level of circFAT1 was higher in NSCLC tissues than in normal tissues (P<0.05),
as shown in Figure 2.
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Figure 2 The expression level of circFAT| in NSCLC tissues was analyzed by Ualcan database.
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Comparison of the Expression Levels of Serum circFAT| Between the Two Groups
Compared with the control group, the expression level of serum circFAT1 was significantly higher in the NSCLC group
(z=47.089, P < 0.05).

Relationship Between circFAT | Expression and Clinicopathological Characteristics
With mean circFAT1 levels as the boundary, the cases were divided into high expression group (=2.43) and low
expression group (<2.43). circFAT1 expression levels were not correlated with age, gender, smoking history, alcohol
consumption history, and pathological staging of NSCLC patients (P > 0.05) but were correlated with lymph node
metastasis, TNM staging, and differentiation degree (P < 0.05), as shown in Table 1.

Positive Expression of CD4+, CD8+, Foxp3+ in Tissues
Compared with the para-carcinoma group, the NSCLC group had significantly lower positive expression rate of CD8+
and significantly higher positive expression rate of CD4+ and Foxp3+ (P < 0.05), as shown in Table 2.

Correlation Between the Expression of CD4+, Foxp3+ and CD8+ and

Clinicopathological Characteristics

The expression of CD4+, Foxp3+ and CD8+ in cancer tissues of NSCLC patients was irrelevant with age, gender,
smoking history, alcohol consumption history and pathological staging (P > 0.05) but was relevant with lymph node
metastasis, TNM staging and differentiation degree (P < 0.05), as shown in Table 3 and Table 4.

Table 1 Relationship Between circFAT| Expression and Clinicopathological Features

Clinicopathologic Feature Number circFAT |

High Expression Group | Low Expression Group x? P

(n=48) (n=48)

Age (years)
=55 43 20 23 0.379 0.538
<55 53 28 25
Gender
Male 50 28 22 1.503 0.220
Female 46 20 26
Smoking history
Yes 45 18 27 3.388 0.066
No 51 30 21
Drinking history
Yes 47 19 28 3.376 0.066
No 49 29 20
Pathological type
Squamous carcinoma 45 26 19 2.050 0.152
Adenocarcinoma 51 22 29
Lymphatic metastasis
No 44 10 34 24.168 | <0.001
Yes 52 38 14
TNM staging
Stage I-II 49 13 36 22.051 <0.001
Stage IlI-IV 47 35 12
Differentiated degree
Poorly differentiated 54 41 13 33.185 <0.001
Medium and high 42 7 35
differentiation
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Table 2 CD4+, CD8+

and Foxp3+ Were Positively Expressed in the Tissues [n (%)]

Group Number CD4+ Foxp3+ CD8+
Positive Negative Positive Negative Positive Negative
Expression Expression Expression Expression Expression Expression
NSCLC group 96 52 (54.17) 44 (45.83) 54 (56.25) 42 (43.75) 41 (42.71) 55 (57.29)
Paracancerous group | 96 1 (1.04) 95 (98.96) 2 (2.08) 94 (97.92) 92 (95.83) 4 (4.17)
x? - 67.788 68.168 63.641
P - <0.001 <0.001 <0.001

Table 3 Correlation Between the Expression of CD4+, Foxp3+ and CD8+ and Clinicopathological Characteristics

Clinicopathologic Feature | Number CD4+ Foxp3+
Negative Positive x2 P Negative Positive x? P
Expression | Expression Expression | Expression
Group Group Group Group
(n=44) (n=52) (n=42) (n=54)
Age (years)
=55 43 21 22 0.283 | 0.595 20 23 0.241 0.623
<55 53 23 30 22 31
Gender
Male 50 24 26 0.197 | 0.657 18 32 2.547 | 0.111
Female 46 20 26 24 22
Smoking history
Yes 45 23 22 0.950 | 0.330 23 22 1.866 | 0.172
No 51 21 30 19 32
Drinking history
Yes 47 20 27 0.399 | 0.528 20 27 0.054 | 0817
No 49 24 25 22 27
Pathological type
Squamous carcinoma 45 21 24 0.024 | 0.878 17 28 1.228 0.268
Adenocarcinoma 51 23 28 25 26
Lymphatic metastasis
No 44 27 17 7.892 | 0.005 26 18 7.768 | 0.005
Yes 52 17 35 16 36
TNM staging
Stage |-l 49 28 21 5.156 | 0.023 30 19 12.419 | <0.001
Stage llI-IV 47 16 31 12 35
Differentiated degree
Poorly differentiated 54 18 36 7.768 | 0.005 16 38 10.000 | 0.002
Medium and high 42 26 16 26 16
differentiation

Correlation Between circFAT | and CD4+, CD8+, Foxp3+ Expression
Spearman correlation analysis was performed on circFAT1 expression and CD4+, CD8+, and Foxp3+ expression levels.
It was found that circFAT1 was positively correlated with CD4+ and Foxp3+ expression (r = 0.414, 0.432 P < 0.01) and
negatively correlated with CD8+ expression (r=—0.408 P < 0.01).
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Table 4 Association of CD8+ Expression with Clinicopathological Features

Clinicopathologic Feature Number CD8+
Negative Positive x2 P
Expression Group | Expression Group
(n=55) (n=41)
Age (years)
255 43 22 21 1.196 0.274
<55 53 33 20
Gender
Male 50 28 22 0.071 0.790
Female 46 27 19
Smoking history
Yes 45 29 16 1.771 0.183
No 51 26 25
Drinking history
Yes 47 30 17 1.609 0.205
No 49 25 24
Pathological type
Squamous carcinoma 45 27 18 0.254 0.614
Adenocarcinoma 51 28 23
Lymphatic metastasis
No 44 15 29 17.870 <0.001
Yes 52 40 12
TNM staging
Stage |-l 49 20 29 11.103 0.001
Stage llI-IV 47 35 12
Differentiated degree
Poorly differentiated 54 36 18 4434 0.035
Medium and high differentiation 42 19 23
Discussion

The tumor microenvironment mainly consists of immune cells, inflammatory cells, mesenchymal cells, tumor cells,
stromal cells, inflammatory mediators and cytokines. It supports tumor biological behavior of pathogenesis, progression,
invasion and metastasis.'"" The novel and meaningful immune cell-related genes found in NSCLC can be used as
important clinical targets.

circRNA is expressed in a highly tissue- and cell-specific manner. circFAT1 plays an essential role in several types of
cancers, including cervical cancer, head and neck squamous cell carcinoma, hepatocellular carcinoma, osteosarcoma,
colorectal cancer, papillary thyroid cancer, breast cancer, and NSCLC, which suggests the importance of circFAT1 in
tumorigenesis.'? circFAT1 has been proved to be highly expressed in the exosomes of colorectal cancer, indicating its
potential role in tumorigenesis.'® CircFAT1 was found to be highly expressed in osteosarcoma cell lines and tissues.
Silencing of circFAT1 inhibited proliferation and migration and induced apoptosis in osteosarcoma cells.'* In gastric
cancer, circFAT1 is directly bound to YBXI1 in the nucleus as a sponge for miR-548 to suppress protein function and
regulated the level of oncogene RUNX family transcription factor 1 in the cytoplasm, thereby hindering cancer
progression. circFAT1 overexpression inhibited proliferation, migration and invasion of gastric cancer cells and corre-
lated with overall survival of gastric cancer patients.® Compared with normal tissues, circFAT1 was highly expressed in
NSCLC tissues.'> CircFAT1 can promote the progression of HCC through sponge miR-30a-5p and enhancing REEP3.'°
In this study, the expression level of serum circFAT1 was significantly higher in the NSCLC group than in the control

116

group, which coincided with the Ualcan database data and Dong et al'” conducted basic research, suggesting that high

circFAT1 expression accelerated the proliferation, invasion and growth of NSCLC cells, increased oncogenic activity,

International Journal of General Medicine 2023:16 htps: 4949

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al Dove

and promoted the progression of NSCLC carcinogenesis. circFAT1 expression level was correlated with lymph node
metastasis, TNM staging, and differentiation degree, which further suggests that circFAT1 expression correlates with
NSCLC progression.

The presence of excessive lymphocyte infiltration during tumor progression indicates that T cells cannot provide an
effective immune response to control tumor growth.'” A growing body of evidence suggests that tumor-infiltrating
T lymphocytes are functionally defective and incompletely activated.'® CD8+ T lymphocytes are recognized as effector
T cells with powerful cytotoxic effects in cancer.® Another important factor affecting the clinical outcome of NSCLC is
tumor infiltration of Foxp3+, CD4+ T cells. By producing immunomodulatory cytokines, these cells can influence
cytolytic CD8+ T cell responses in lung cancer.”'® This study found that the NSCLC group had significantly lower
positive expression of CD8+ and significantly higher positive expression of CD4+ and Foxp3+ than the para-carcinoma
group. The expression of CD4+, Foxp3+, and CD8+ in cancer tissues of NSCLC patients was associated with lymph
node metastasis, TNM staging, and differentiation degree, suggesting that CD8+ promoted immune response in NSCLC
patients, while Foxp3+, and CD4+ suppressed the immune response.

Spearman correlation analysis revealed that circFAT1 was positively correlated with CD4+ and Foxp3+ expression
and negatively correlated with CD8+ expression, indicating that circFAT1 may influence the immune cell by indirectly
inhibiting CD8+ expression and promoting CD4+ and Foxp3+ expressions.

To sum up, circFAT1 was highly expressed in the serum of NSCLC patients and could indirectly influence the
immune cells. Nonetheless, this study has a small sample size, NSCLC has a more complex pathogenesis and a greater
test sample size is needed later for more in-depth study.
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