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Background: Lung cancer (LC) is the leading type of cancer worldwide, yet it’s challenging to detect early LC. Therefore, it
is valuable to explore diagnostic biomarker that can distinguish malignant pulmonary lesions from benign diseases. The potential role
of plate factor-4 variant (CXCL4L1) will be investigated in detecting early LC.

Methods: A consecutive of 174 patients with single pulmonary nodule and 50 healthy controls were enrolled. Serum CXCL4L1
expression level was evaluated using ELISA. Survival curves were generated to analyze survival outcomes. Receiver operating
characteristic curves were used to calculate diagnostic accuracy.

Results: Serum CXCL4L1 was downregulated in patients with LC when compared with those with lung benign lesions (LBL) or
healthy controls. Meanwhile, lower serum CXCLA4L1 expression was associated with advanced TNM stage and lymph node
metastasis. Furthermore, a low expression of CXCLA4L1 resulted in worse survival outcomes in LC patients. Serum CXCL4L1
expression obtained an area under curve (AUC) of 0.81 (95% CI: 0.74-0.88), a sensitivity of 70.6%, and a specificity of 85.8% for
discriminating patients with LC form patients with LBL. In addition, serum CXCL4L1 expression achieved an AUC of 0.82 (95% CI,
0.74-0.90), a sensitivity of 72.0%, and a specificity of 85.9% for distinguishing patients with LC form healthy controls.
Conclusion: This study suggests that CXCL4L1 may prove to be a potential non-invasive diagnostic and prognostic biomarker for
early LC patients.
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Introduction

Lung cancer (LC) is the leading cause of cancer-related mortality worldwide.' Especially in China, LC is much more
prevalent and life-threatening with a mortality of 28.49 per 100,000 persons in 2014.% Currently, multidisciplinary
therapies based on surgery have achieved considerable prognosis for patients with early-stage LC with a one-year
survival rate of 70%.> Unfortunately, more than 75% of LC patients have been diagnosed at more advanced stages with
a poor five-year survival of 15.6% in China.* Low dose CT (LDCT) screening is currently recommended for high-risk
people (55-75 years old, smoking over 30 pack-years) to increase the detection rate and reduce the mortality of LC.’
However, it’s still a challenge to deal with solitary pulmonary nodules (SPNs) detected by LDCT in clinical practice
because a lot of SPNs turn out to be benign nodules. As the US National Lung Cancer Screening Test (NLST) study
reported, LDCT screening has a false positive rate as high as 96.4%,° which could result in both wastage of medical care
and unnecessary psychological burden. Therefore, it is crucial to explore noninvasive serological biomarkers for the
diagnosis of early LC with high sensitivity and specificity, and further to help with prognosis stratification.
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The plate factor-4 variant (CXCL4L1), the non-allelic variant of CXCL4, was discovered in 1989 by Green et al and
cloned shortly thereafter.”®* CXCL4 has significant antitumoral activity by inhibition of GPCR-mediated endothelial cell
chemotaxis.” One study has shown that downregulation of CXCL4L1 was significantly associated with advanced
pathological features and poor prognosis in prostate cancer patients after surgery.'® Moreover, CXCL4L1 could inhibit
melanoma and lung carcinoma growth and metastasis in vivo by preventing angiogenesis.'' Given the critical role of
CXCLALI1 in the tumorigenesis of LC, we further speculated that CXCL4L1 might be a potential diagnostic or
prognostic biomarker for early LC patients.

In this study, we measured CXCL4L1 expression in the serum of early LC patients and patients with lung benign
lesion (LBL). We investigated the diagnostic power of CXCL4LI in differentiating malignant from benign pulmonary
nodules. We further analyzed the relationship between CXCL4L1 expression and clinicopathologic features and survival
outcomes for LC patients.

Materials and Methods

Patients

This study was approved by the Ethics Committee of Tangshan Workers’ Hospital and conformed to the Declaration of
Helsinki. All enrolled individuals have provided signed informed consents. A consecutive of 174 patients with single
pulmonary nodule (< 5 cm in diameter) determined by CT/LDCT scan were recruited between January 2017 and
January 2021. All included cases underwent surgical resections and were evaluated by postoperative pathology.
Patients had an age over 18 and no prior history of malignancy. In addition, a group of 50 age and sex-matched healthy
controls (HC) were enrolled. Blood samples were collected one day before surgery for patients with pulmonary nodule
and collected from the healthy controls during physical check. The peripheral blood samples were collected from all
participants in serum gel separator tubes. Each sample was immediately centrifuged at 3000 g for ten minutes at 4°C to
separate serum and then stored at —80°C until tested.

Data Collection

All relevant clinical and pathological data were collected from each patient based on electronic medical records,
including age, gender, smoking status, histology, tumor size, TNM stage, and lymph node metastasis. All patients
were regularly followed up by telephone and the last follow-up date was June 2021. Survival information included
overall survival (OS) and recurrence-free survival (RFS). OS was defined as the interval from the date of surgery to the

date of death or endpoint. RFS was defined as the interval from the date of surgery to the date of tumor recurrence or
death.

Enzyme-Linked Immunoassay (ELISA) Assay

Serum CXCLAL1 levels were measured using a commercially available ELISA kit (EL017810HU, Cusabio Biotech,
Wuhan, China) as previously described. Briefly, 100 pL serum samples were added into the corresponding wells and
incubated at 37°C for 2 h with gentle shaking. The waste liquid was then discarded. Biotinylated antibody (100 pL) was
added into each well, and the samples were incubated at 37°C for 1 h with gentle shaking. After three washes with
washing buffer, 100 pL of streptavidin-horseradish peroxidase (avidin-HRP) was added into each well. Incubation was
performed at 37°C for 1 h. The washing process was repeated as described above. Color development was achieved by
adding 90 puL per well of 3,3°,5,5’-tetramethylbenzidine (TMB) as a substrate; sulfuric acid (50 pL) was added to stop the
reaction. The optical density was measured at 450 nm on the SpectraMax 190 Microplate Reader (Molecular Devices,
San Jose, CA, USA). CXCLA4L1 expression was calculated with a four-parameter logistic curve and fit to the standard
value. All serum specimens were measured in duplicate.

Statistical Analyses
Continuous variables were expressed as mean =+ standard deviation or median with interquantile range when appropriate;
categorical variables were expressed as frequencies with percentages. Differences between two groups were analyzed
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using Student’s ¢-test or Mann—Whitney U-test. Comparisons of multiple groups were analyzed using ANOVA followed
by Dunnett’s test. Categorical data were compared using chi-square test or Fisher’s exact test. Kaplan-Meier curves were
plotted for OS and RFS, and compared using Log rank test. Factors associated with OS or RFS were assessed by both
univariate and multivariate Cox regression analyses with forward step-wise approach. Receiver operating characteristic
curves (ROC) were utilized to calculate diagnostic accuracy. Statistical evaluations were performed using SPSS 20.0
(IBM SPSS Inc., Chicago, IL, USA) and GraphPad Prism 8.01 (GraphPad Software Inc.). Differences were considered to
be significant when P< 0.05.

Results

Study Population

As shown in Table 1, among all 174 patients with pulmonary nodule who underwent surgery, 106 patients were
pathologically confirmed as LC and 68 patients as LBL. The baseline characteristics including age, sex, and smoker
status were comparable between LC, LBL, and HC groups (all P > 0.05). Among 106 patients with LC, 55 (51.9%)
patients had adenocarcinoma, 28 (26.4%) patients had squamous cell carcinoma, 8 (7.5%) patients had large cell
carcinoma, and 15 (14.2%) patients had small cell carcinoma. 56 (52.8%) patients had TNM stage I and 50 (47.2%)
had stage II. Among 68 patients with LBL, 23 (33.8%) patients had tuberculosis, 21 (30.9%) patients had hamartoma, 12
(17.6%) patients had fungal infection, 8 (11.8%) patients had inflammation, and 4 (5.9%) patients had granuloma.

Table | Patients Clinical Characteristics

Characteristics LC (n=106) LBL (n=68) HC (n=50) P-value
Age, years 586 %113 58.1 £ 104 56493 0.843
Sex 0.239
Male 74 (69.8%) 44 (64.7%) 28 (56.0%)
Female 32 (30.2%) 24 (35.3%) 22 (44.0%)
Smoking status 0.171
Non-smoker 40 (37.7%) 32 (47.1%) 24 (53.3%)
Former smoker 66 (62.3%) 36 (52.9%) 21 (46.7%)
Histology
Adenocarcinoma 55 (51.9%)
Squamous cell carcinoma 28 (26.4%)
Large cell carcinoma 8 (7.5%)
Small cell carcinoma 15 (14.2%)
TNM stage

| 56 (52.8%)
I 50 (47.2%)

Tumor size, cm

<3 52 (49.1%)
>3 54 (50.9%)

Lymph node metastasis
Yes 42 (39.6%)
No 64 (60.4%)

LBL, %
Tuberculosis 23 (33.8%)
Hamartoma 21 (30.9%)
Fungal infection 12 (17.6%)
Inflammation 8 (11.8%)
Granuloma 4 (5.9%%)

Abbreviations: NSCLC, non-small cell lung cancer; LBL, lung benign lesion; HC, healthy control.
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Circulating CXCLA4LI is Downregulated in LC Patients

Circulating CXCL4L1 expression levels in serum samples of patients with LC, LBL, and HC were evaluated using
ELISA. Our results showed that CXCL4L1 expression in patients with LC was significantly lower than that in patients
with LBL or HC (P< 0.001, Figure 1A). In terms of TNM stage, LC patients with stage II had significant lower
CXCLAL1 expression than patients with stage 1 (P< 0.01, Figure 1B). Additionally, CXCL4L1 expression level was
markedly lower in patients with lymph node metastasis than those without lymph node metastasis (P< 0.01, Figure 1C).
No significant difference was observed in CXCL4L1 expression level with respect to different histology types (P= 0.75,
Figure 1D).

Correlation of CXCL4L| Expression Level with Clinicopathological Features

In order to analyze the correlation of CXCL4L1 expression with clinical characteristics, we divided the 106 patients with
LC into a low-expression group and a high expression group with the median level of CXCL4L1 (9.5 ng mL ™) as the
cutoff value. As shown in Table 2, low expression of CXCL4L1 was significantly associated with advance TNM stage
(P =0.002) and lymph node metastasis (P = 0.017). However, no correlation was observed in CXCL4L 1expression with
age (P = 0.754), sex (P = 0.204), smoking status (P = 0.229), histology (P = 0.868), and tumor size (P = 0.244).

The Prognostic Significance of CXCLA4LI Level in LC Patients

Next, by generating Kaplan-Meier curves, our data showed that LC patients with a low level of CXCL4L1 was
associated with worse OS (Figure 2A; P = 0.010) and RFS (Figure 2B; P = 0.015). As shown in Table 3, univariate
and multivariate analyses of the factors affecting OS were performed. TNM stage, lymph node metastasis, and higher
CXCLALLI found to be significant in the univariate analysis were included in the multivariate regression analysis. The
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Figure | Downregulation of serum CXCLA4LI in lung cancer (LC) patients. (A) Serum CXCL4LI| expression in patients with LC, patients with lung benign lesion (LBL), and
healthy controls (HC). (B-D) Serum CXCL4L| expression in LC patients stratified by TNM stage, lymph node metastasis, and histology types. **P< 0.01, **P< 0.001.
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Table 2 The Association Between CXCL4L| Expression and Clinicopathological Characteristics of LC

Characteristics CXCLA4LI, N (%) P-value
High Expression (n=53) Low Expression (n=53)
Age, years 58.1 + 10.7 58.6 + 10.9 0.754
Sex 0.204
Male 34 (64.2) 40 (75.5)
Female 19 (35.8) 13 (24.5)
Smoking status 0.229
Non-smoker 23 (43.4) 17 32.1)
Former smoker 30 (56.6) 36 (67.9)
Histology 0.868
Adenocarcinoma 27 (51.9) 28 (51.9)
Squamous cell carcinoma 15 (28.8) 13 (24.1)
Large cell carcinoma 4 (7.7) 4 (7.4)
Small cell lung cancer 6 (11.5) 9 (16.7)
TNM stage 0.002*
[ 36 (67.9) 20 (37.7)
Il 17 (32.1) 33 (62.3)
Tumor size, cm 0.244
<3 29 (54.7) 23 (434)
23 24 (45.3) 30 (56.6)
Lymph node metastasis 0.017*
Yes 15 (28.3) 27 (50.9)
No 38 (71.7) 26 (49.1)

Note: *P <0.05.
Abbreviations: LC, lung cancer; TNM, tumor (T), the extent of spread to the lymph nodes (N), and the presence of metastasis (M).

results revealed that TNM stage (hazard ratio [HR] with 95% confidence interval [CI] = 2.985 [1.524-4.584]; P = 0.013),
lymph node metastasis (HR with 95% CI = 2.121 [1.354-3.451]; P = 0.031), and higher CXCL4L1 (HR with 95% CI =
0.764 [0.571-0.936], P = 0.019) remained as significant predictors of OS. In addition, we also found that TNM stage,

lymph node metastasis, and higher CXCL4L1 were also associated with RFS on univariate and multivariate analyses
(Table 4).

The Diagnostic Performance of Serum CXCL4L| in LC Patients

To evaluate the diagnostic value of CXCL4L1 in LC patients, we analyzed the performance of serum CXCLA4L1 in
distinguishing LC patients from LBL or healthy control using ROC analysis. Figure 3A demonstrated that serum
CXCLAL1 level could be used as a promising biomarker for distinguishing LC patients from LBL, with an area under
the curve (AUC) of 0.81 (95% CI: 0.74-0.88), a sensitivity of 70.6% and a specificity of 85.8%, and a cutoff value of
CXCLA4L1 of 12.15 ng mL™" (P < 0.001). Moreover, as shown in Figure 3B, serum CXCL4L1 level had significant
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Figure 2 Kaplan-Meier curves of prognosis. Overall survival (A) and recurrence-free survival (B) of patients with lung cancer stratified by serum CXCL4LI expression.
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Table 3 Univariate and Multivariate Cox Proportional Analyses of Prognostic Factors Associated with Overall Survival in LC Patients

Variables Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value
Age, 255 vs <55 1.141 (0.651-1.851) 0.331
Sex, male vs female 0.901 (0.692-1.669) 0.562
Smoking status, smoker vs non-smoker 1.856 (0.854-2.657) 0.365
Histology
Adenocarcinoma vs squamous cell carcinoma 1.007 (0.930-1.423) 0.347
Adenocarcinoma vs large cell carcinoma 1.021 (0.931-1.364) 0.294
Adenocarcinoma vs small cell carcinoma 0.987 (0.921-1.097) 0.174
TNM stage, Il vs | 3.215 (1.651-4.985) 0.001* 2.985 (1.524-4.584) 0.013*
Tumor size, 23 vs <3 1.951 (0.854-2.865) 0.132
Lymph node metastasis, yes vs no 3.564 (2.785—4.865) 0.013* 2.121 (1.354-3.451) 0.031*
CXCLALI| expression, high vs low 0.721 (0.546-0.913) 0.004* 0.764 (0.571-0.936) 0.019*

Note: *P <0.05.

Abbreviations: LC, lung cancer; TNM, tumor (T), the extent of spread to the lymph nodes (N), and the presence of metastasis (M); HR, hazard ratio; Cl, confidence

interval.

Table 4 Univariate and Multivariate Cox Proportional Analyses of Prognostic Factors Associated with Recurrence-Free Survival in LC

Patients
Variables Univariate Multivariate
HR (95% CI) P-value HR (95% CI) P-value
Age, 255 vs <55 1.041 (0.598-1.795) 0.221
Gender; male vs female 1.065 (0.715-1.769) 0.235
Smoking status, smoker vs non-smoker 1.775 (0.987-2.251) 0.165
Histology
Adenocarcinoma vs squamous cell carcinoma 1.012 (0.704-1.771) 0.546
Adenocarcinoma vs large cell carcinoma 1.006 (0.841-1.674) 0.341
Adenocarcinoma vs small cell carcinoma 0.997 (0.941-1.063) 0.152
TNM stage, Il vs | 3.335 (1.791-4.655) <0.001* 2.585 (1.3654.331) 0.001*
Tumor size, 23 vs <3 1.864 (0.754-2.745) 0.115
Lymph node metastasis, yes vs no 3.121 (2.545-4.687) 0.001* 2.654 (1.654-3.658) 0.004%*
CXCLALI expression, high vs low 0.694 (0.514-0.894) 0.006* 0.781 (0.659-0.902) 0.024%*

Note: *P <0.05.

Abbreviations: LC, lung cancer; TNM, tumor (T), the extent of spread to the lymph nodes (N), and the presence of metastasis (M); HR, hazard ratio; Cl, confidence
interval.

ability in differentiating LC patients from HC, with an AUC of 0.82 (95% CI, 0.74-0.90), a sensitivity of 72.0% and
a specificity of 85.9%, and a cutoff value of CXCL4L1 of 12.25 ng mL™" (P < 0.001).

Discussion

Currently, cancer early screening is the most economical and effective method to reduce cancer-specific mortality in
clinical practice.'®'? Nevertheless, it has long been a great challenge to detect early LC due to the high false positive rate
of LDCT screening and the difficulty to perform diagnostic biopsies.'* Therefore, it will be particularly valuable to
explore a non-invasive, convenient, and highly sensitive diagnostic biomarker that can distinguish malignant pulmonary
lesions from benign diseases.

Various studies have implicated CXCL4L1 in angiogenesis, anti-angiogenesis, and tumorigenesis. As reported,
CXCLAL1 exhibits a strong staining in tumor cells in colorectal cancer, while a weak to negative staining in tumor cells
in esophageal cancer.'® Furuya et al determined that CXCL4L1 were significantly lower in endometriosis-associated ovarian
cancer tissues than in corresponding endometriosis.'® In contrast, Quemener et al reported a greatly increased CXCLA4L1
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Figure 3 Diagnostic value of serum CXCLA4LI expression. (A) ROC curve for serum CXCLA4LI to distinguish patients with lung cancer (LC) from patients with lung benign
lesion (LBL). (B) ROC curve for serum CXCLA4LI to distinguish patients with lung cancer (LC) from healthy controls (HC).
Abbreviation: ROC, receiver operating characteristic curve.

expression in primary and metastatic pancreatic adenocarcinoma using a tissue microarray analysis.'” Notably, CXCL4L1
exerted antitumoral effects in lung carcinoma growth and metastasis in vivo via inhibition of angiogenesis."'

In this study, we demonstrated that serum CXCLA4L1 was significantly downregulated in patients with LC comparing
with patients with LBL and healthy controls. Our data showed that lower serum CXCL4L1 expression was associated
with advanced TNM stage and lymph node metastasis. Furthermore, we evaluated the correlation between CXCL4L1
expression and LC patients’ prognosis, and found that a low serum CXCL4L1 level was associated with poorer survival
in LC patients. The tumor suppressive role of CXCL4L1 in LC patients is consistent with the previous studies mentioned
above. Downregulation of CXCL4L1 probably alters the delicate angiostatic balance toward angiogenesis, which may
partially explain why CXCL4L1 under-expression results in tumor recurrence and progression of LC.

The value of CXCL4L1 in predicting early LC has not been previously investigated. In our study, we found that
serum CXCLA4L1 could be utilized as a capable diagnostic biomarker to discriminate malignant from benign lesions with
a sensitivity of 70.6% and a specificity of 85.8%. The cutoff value of CXCL4L1 was 12.15 ng mL™', which could
provide a clinical guidance for early LC detection in patients with lung lesions, in complement with LDCT screening.
The serum sample could be defined as “positive” when CXCLA4L1 expression was lower than 12.15 ng mL ™', and further
pathological test should be recommended. Moreover, a regular follow-up with imaging examination could be recom-
mended for patients with negative CXCL4L1 expression, which may reduce the excessive medical burden due to the
false-positive of LDCT. In addition, serum CXCL4L1 demonstrated a great ability to differentiate patients with early LC
from healthy controls, which could not only predict early LC for patients with lung lesions but also for healthy
population conducting physical examination.

Some limitations exist in this study. First, the external validation cohort is lacking, hence a larger number of
individuals would be needed to validate the diagnostic and prognostic value of CXCL4L1 in early LC. In addition,
despite the strong correlation between CXCL4L1 expression and clinical malignant characteristics, the exact mechanisms
of CXCLA4L1 in LC progression remain unclear and warrant further investigation.

In conclusion, this study demonstrates that CXCL4L1 was downregulated in early LC, and could be used as
a diagnostic and prognostic biomarker for LC patients.
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