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To investigate the diagnostic value of chitinase-3-like protein 1 and keratin 5 in bronchoalveolar lavage
fluid in 88 patients with lung disease. This was a case control study to collect 50 patients with lung cancer
(malignant disease group) and 38 patients with benign lung disease (benign disease group) who were admitted
to the respiratory medicine department in the affiliated hospital of medical school of Ningbo university
from December 2019 to March 2020. The enzyme-linked immunosorbent assay was applied to detect the
expression levels of chitinase-3-like protein 1 and keratin 5 in bronchoalveolar lavage fluid of the two groups
of the patients. The diagnostic effect was evaluated using the subject's working characteristics to establish
a diagnostic mathematical model. The levels of chitinase-3-like protein 1 and keratin 5 in bronchoalveolar
lavage fluid were significantly higher in the malignant disease group than in the benign disease group (p<0.05).
These two (chitinase-3-like protein 1 and keratin 5) were significantly correlated and positively correlated
and the combined test could significantly improve the sensitivity and specificity of lung cancer diagnosis. The
diagnostic rate of chitinase-3-like protein 1 and keratin 5 for lung cancer. The chitinase-3-like protein 1 in
bronchoalveolar lavage fluid and carcinoembryonic antigen in blood combined was superior to chitinase-3-
like protein 1 or keratin 5 alone in the diagnosis of lung cancer. Chitinase-3-like protein 1 and keratin S in
bronchoalveolar lavage fluid contribute to the early diagnosis of lung cancer and can be used as biomarkers
for the diagnosis of lung cancer with high sensitivity and specificity. The application of the two combined
assays as molecular markers for clinical diagnosis and as targeted therapeutic agents needs to be further

studied.
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Lung cancer is the leading cause of cancer related
deaths worldwide and currently about a quarter of all
cancer related deaths are caused by lung cancer, as
early lung cancer lacks typical symptoms and about
70 % of patients have distant metastases at the time
of diagnosist'?. In China, lung cancer is still the most
common cancer and how to reduce the cancer burden is
the focus of the government system™ and screening of
high risk groups for lung cancer has become the norm.
According to studies, the incidence and mortality trends
of lung cancer are influenced by population based lung
cancer screening programs and lung cancer mortality
rates are significantly lower in populations that receive
routine screening with low dose Computed Tomography
(CT)™ or volumetric CT"! than in populations that do
not®>, which is attributed to the preferential detection
and early diagnosis of early lung cancer patients.

Early recognition and diagnosis is a key to lung cancer
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diagnosis, treatment and prognosis!”.. In recent years,
the detection of biomarkers in alveolar lavage fluid
or serum is a new method for the early diagnosis of
lung cancer, which is promising due to its simplicity,
reproducibility and low invasiveness!®l. Recent studies
have shown that Chitinase-3-like protein 1 (YKL-
40) and Keratin 5 (KRTS5) play an important role in
the staging, differential diagnosis and prognosis of
lung cancer®!!l, but most of the studies have been
conducted on a single tumor marker and there are few
reports on the simultaneous detection of the expression
levels of both in alveolar lavage fluid. The aim of this
study was to explore the value of YKL40 and KRT5
in Bronchoalveolar Lavage Fluid (BALF) for the early
diagnosis of lung cancer. They are reported as follows.

MATERIALS AND METHODS
Patients and samples:

Fifty patients who were admitted to the respiratory
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medicine department of the Affiliated Hospital of
Medicine School, Ningbo University and were clearly
diagnosed with lung cancer from December 2019 to
March 2020 (benign disease group) were selected.
There were 41 males and 9 females, aged 43-81 y, with a
mean age of 61.5£8.7 y, classified by pathological type,
including 24 cases of lung squamous cell carcinoma,
15 cases of lung adenocarcinoma and 11 cases of Small
Cell Lung Cancer (SCLC). There were 38 patients
with benign lung lesions (malignant disease group), 30
males and 8 females, aged 45-79 y, with a mean age of
60.0+£8.0 y.

The experimental group inclusion criteria includes age
greater than 18 y; no radiotherapy or chemotherapy
before enrollment; consistent with the diagnosis of lung
cancer and histopathological confirmation whereas
exclusion criteria includes severe disease unable to
tolerate endotracheal endoscopy; unconsciousness or
inability to cooperate in completing the study; severe
coagulopathy; respiratory infectious diseases.

Control group inclusion criteria includes age greater
than 18 y; benign lung lesions diagnosed by imaging,
histopathology and/or relevant treatment whereas
exclusion criteria includes patients with malignant
tumors; unconscious or uncooperative to complete the
study; severe coagulopathy; with respiratory infectious
diseases. The study was approved by the Institutional
Review Board of Human Research at the Affiliated
Hospital of Medicine School, Ningbo University and
all subjects signed an informed consent form!'?. There
were no significant differences (p>0.05) in sex, age,
height and weight between the test and control groups
and the data were comparable.

Biomarker assay:

The BALF specimens were collected in strict
accordance with the standards advocated by the
Chinese Medical Association!!*! and the detailed steps
and eligibility criteria were referred to the previous
methods of operation of this group!'>!*!5, The level
of YKL40 and KRTS5 were measured with Enzyme-
Linked Immunoassay (ELISA) (Beckman Coulter,
Inc) and all steps were performed in strict accordance
with the instructions. Other tumor markers, including
Carcinoembryonic Antigen (CEA), Cancer Antigen 125
(CA125), Carbohydrate Antigen (CA 19-9) and Neuron-
Specific Enolase (NSE) were tested on commercially
available electrochemiluminescence immunoassay kits
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(Beckman Coulter, Brea, CA, USA).
Statistical analysis:

This research team!'>!4151 adopted Statistical Package
for the Social Sciences (SPSS) (version 26.0: SPSS,
Chicago, IL, USA) statistical software to analyze the
data of YKL40 and KRTS5.The normal distribution was
expressed as (x+s) and the group t-test was used for
comparison between the two groups; the non-normal
distribution was expressed as M (P25, P75) and the
non-parametric rank sum test was used for comparison
between the two groups; the x> test was used for
comparison of the count data. We drew Receiver
Operating Characteristic (ROC) curve of the tumor
markers for diagnosis of lung cancer and the Area Under
the ROC Curve (AUC), sensitivity and specificity were
calculated. The two-sided test level a=0.05 with p<0.05
indicating a statistically significant difference.

RESULTS AND DISCUSSION

Table 1 summarizes the basic demographic
characteristics for the 88 patients (50 with malignant
disease, 38 with benign disease). In the malignant
disease group, the mean age was (61.50+£8.7) y and 41
(82.0 %) were men. In the benign disease group, the
mean age (30 men, 8§ women) was (60.00£8.0) y. The
number of smokers was 38 (76.0 %) in the malignant
disease group and 25 (65.7 %) in the benign disease
group. The malignant disease group included 23 (46.0
%) cases of Squamous Cell Carcinoma (SCC), 15 (30.0
%) of Adenocarcinoma (ADC) and 12 (24.0 %) of
SCLC.

We compared YKL40 and KRTS level in the patient
group with malignant disease and patient group with
benign disease. The mean levels of YKL40 was
(7135.943174.8) pg/ml in the malignant disease group,
all significantly higher in patients with benign diseases
[(3620.8+2684.1) pg/ml, p<0.001]. The mean levels of
KRTS was (81.2452.6) pg/ml in the malignant disease
group, also significantly higher than that in patients
with benign diseases [(33.2+£39.6) pg/ml, p<0.001]
(Table 2).

We plotted ROC curves based on the ELISA results to
determine the diagnostic effectiveness of the YKL40
and KRTS5 levels for lung cancer and included the
existing clinical biomarkers, CEA, CA125, CA199 and
NSE for comparison (fig. 1 and fig. 2).

Special Issue 6, 2021



www.ijpsonline.com

TABLE 1: CHARACTERISTICS OF THE STUDY PATIENTS

Patient group

Characteristic

Malignant disease Benign disease
Patients (n) 50 38
Mean age (years) 61.50+8.7 60.00+8.0
Sex
Male/Female 41/9 30/8
No. of smokers (n) 38 25
Histologic type (n)
Scc 23
ADC 15
SCLC 12

TABLE 2: THE LEVEL OF YKL40, KRT5 IN TWO GROUPS WERE COMPARED (pg/ml, xts)

Group Number YKL40 KRT5
Mean malignant disease 50 7135.9+3174.8 81.2+52.6
Mean benign disease 38 3620.8+2684.1 33.2+£39.6
t value 5.493 4.698
p value <0.001 <0.001
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Fig. 1: Comparison of the levels of YKL-40 and KRTS5 in bronchoalveolar fluid, (A) Compared with the benign disease group, the
levels of YKL-40 and KRTS in BALF of the malignant disease group were significantly increased, p<0.001; (B) ROC curve analysis
of YKL40, KRTS5 and biomarker combination in differentiating early stage lung cancer patients and benign disease group; (C) The
combined detection of YKL.-40 and KRTS5 can significantly improve the sensitivity of lung cancer diagnosis and specificity; (D) Sig-
nificant correlation between YKL-40 and KRTS5, p=0.034 (p<0.05) and they were positive correlations, (1) Benign; (@) Lung cancer
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Fig. 2: Blood levels of CEA, CA125, NSE and CA199, (A) Blood levels of CEA, CA125, NSE and CA199 all have some diagnostic
value for lung cancer, with CA199 having the greatest significance and its diagnostic value for lung cancer also having the greatest
significance for NSE and CA199; (B) The ROC curve showed that the AUC of both was 0.906 and 0.929 respectively with p<0.001,

(1) Benign; (m) Lung cancer

Fig. 1A showed that compared with the benign disease
group, the level of YKL-40 in the malignant disease
group was significantly increased, p<0.001 and the
difference was statistically significant; compared with
the benign disease group, the level of KRTS in the
malignant disease group was significantly increased,
p<0.001 and the difference was statistically significant.

Fig. 1B showed that according to the ROC curve, both
YKL-40 and KRTS5 have diagnostic value for lung
cancer. The AUC of YKL-40 alone was 0.799, while
that of KRTS5 alone was 0.785. It was worth noting that
the AUC of YKL-40 and KRT5 in combination were
0.859, which was more significant than that of YKL-40
or KRTS alone.

Fig. 1C demonstrated that the sensitivity of YKL-40
alone was 80.0 % with a specificity of 68.4 %; the
sensitivity of KRT5 alone is 62.0 % with a specificity
of 86.8 %; the sensitivity of YKL-40 and KRTS5 is 80.0
% with a specificity of 89.5 %; the AUC of both was
0.859, which was more significant than that of YKL-
40 or KRTS alone. KRT5 could significantly improve
the sensitivity and specificity in the diagnosis of lung
cancer.

Fig. 1D demonstrated that the correlation study between
YKL-40 and KRT5 showed that p=0.034 (p<0.05),
suggesting that there was a significant correlation
between the two and they were positive correlations,
which means that the two were elevated in patients with
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lung cancer, but not in the benign disease group.

We also studied and analyzed the levels of CEA, CA125,
NSE and CA199 in the blood of patients that could be
extracted and obtained the following results: The levels
of CEA, CA125, NSE and CA199 in blood have certain
diagnostic value for lung cancer, with CA199 having
the greatest significance and its diagnostic value for
lung cancer is also determined by NSE and CA199.
CA199 was the most significant (fig. 2A) and the ROC
curves shows that the AUCs of both were 0.906 and
0.929 respectively, with p<0.001, as detailed in fig. 2B.

It is well known that CEA has the greatest diagnostic
value for lung cancer, especially for non-SCLC such as
adenocarcinoma and we made a detailed analysis of the
diagnostic value of CEA in blood, YKL-40 and KRT5
in BALF for lung cancer. The correlation analysis of
YKL-40 suggests that p=0.048 and r=0.242, as detailed
in fig. 3A and fig. 3B.

The ROC curves in fig. 4 shows that the combined
detection of YKL-40 in BALF and CEA in blood had
the greatest significance, resulting in an AUC of 0.824,
sensitivity of 83.8 % and specificity of 76.7 % for the
diagnosis of lung cancer, while the combined detection
of KRT5 in BALF and CEA in blood have an AUC of
0.777, sensitivity of 75.7 % and specificity of 76.7 %
for the diagnosis of lung cancer. The AUC of serum
CEA alone for the diagnosis of lung cancer is 0.701,
with a sensitivity of 62.2 % and a specificity of 80.0 %.
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Fig. 3: KRTS5 in blood CEA and BALF, (A) KRTS in blood CEA and BALF had a better correlation, p=0.010 and r=0.312; (B) While
the correlation analysis of YKL-40 in BALF and CEA in blood suggested that p=0.048 and r=0.242
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Fig. 4: ROC curves, (A) ROC curves showed that the combined detection of YKL-40 in blood CEA and BALF had the greatest
significance, resulting in an AUC of 0.824 sensitivity of 83.8 % and specificity of 76.7 % for the diagnosis of lung cancer; (B) While
the combined detection of KRTS5 in blood CEA and BALF had an AUC of 0.777 sensitivity of 75.7 % and specificity of 76.7 % for
the diagnosis of lung cancer. The AUC of serum CEA alone for the diagnosis of lung cancer was 0.701, with a sensitivity of 62.2 %

and a specificity of 80.0 %

Because of no extremely specific for malignant tumors,
tumor markers require combined testing, which are
mainly used for tumor diagnosis, staging, monitoring
of treatment effects and metastasis and recurrence!'5'%),
In recent years, many studies have reported!'>!*2"
that the combination of tumor markers in BALF have
significant effects in the diagnosis of lung cancer and are
of great clinical significance. In the present study, we
added the value of YKL.40 and KRTS5 in BALF on lung
cancer diagnosis and found that the expression levels of
YKL40 and KRTS in BALF of lung cancer patients was
significantly increased and the combination of the two
was found to be of great significance in the diagnosis
of lung cancer. The findings of this study provide
some theoretical basis and experimental data for later
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studies and promote and expand the effective detection
methods for early tumor diagnosis. YKL40 is secreted
by chondrocytes and macrophages and is mainly
associated with the development of inflammatory
diseases (e.g., bronchial asthma, nasalpolyps, etc.) and
can be used as an inflammatory biomarker"?2, YKL40
has also been found to be associated with a high risk of
cancer progression and future cancer development®10-2%]
KRTS is widely expressed in cancer tissues and can
promote cancer cell growth, migration!!'>* and increase
mortality in cancer patients. Xiao et al.*! found KRT5
to be valuable in the diagnostic differential of lung
adenocarcinoma and lung squamous cell carcinoma.
Highest are potential biomarkers. Thus, both have the
potential to be developed as tumor markers.
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Previous experiments tested the correlation between
YKL-40 and KRTS in BALF and CEA, CA125, NSE
and CA199 in peripheral blood. And usually, cytokines
in the peripheral blood of lung cancer patients are
expressed in parallel with those in BALF or cytokines
are elevated earlier in BALF. In summary, if YKL-
40 and KRTS5 in peripheral blood are synchronously
expressed with YKL-40 and KRT5 in BALF, then
measuring the levels of YKL-40 and KRTS in BALF is
relatively of the greatest significance for the diagnosis
of lung cancer. SCLC after evaluation and therefore
further experimental validation in large samples is
required. This study intends to evaluate the correlation
between the expression of BALF and blood YKL-40
and KRT5 and tumor markers in large samples with
lung cancer stage and pathological type to determine
their significance and mechanism of action in lung
cancer invasion and metastasis, with a view to studying
their application as molecular markers for clinical
diagnosis and targeted therapeutic agents.
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