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Background: Tuberculosis (TB) is an infectious disease which has long threatened human health, and new
molecular diagnostic markers for its diagnosis are urgently needed. The study was designed to analyze the
expression of hydroxyproline (HYP) in different specimens of pulmonary TB (PTB) and assess its auxiliary
diagnostic value alone or in combination with the TB infection T lymphocyte spot assay (TSPOT.TB).
Methods: According to the inclusion criteria, 43 healthy controls (HCs) and 39 patients with
nontuberculous general respiratory diseases were included as the respiratory control (RC) group, while 42
patients with newly treated TB were included as the PTB group. The expression of HYP in serum, urine,
and bronchoalveolar lavage fluid (BALF) was detected with a HYP detection kit. Correlation analysis was
used to detect the correlation of HYP and clinical indicators. Receiver operating characteristic (ROC) curve
analysis was used to determine the sensitivity and specificity of HYP in diagnosing T'B, both when used alone
and in combination with TSPOT.TB.

Results: The expression of HYP in serum of patients with TB was significantly increased as compared
to that in controls (P=0.03), but there was no significant difference in the expression of HYP in urine
(P>0.05). Compared with the general pneumonia control group, the expression of HYP in BALF of the
PTB group was significantly increased (P<0.001). HYP expression in serum was positively correlated with
C-reactive protein (CRP) level (r=0.4661, P=0.002), neutrophil (r=0.3338, P=0.03) and monocyte count
(r=0.3462, P=0.02), and was negatively correlated with serum albumin expression (r=-0.3575, P=0.02). The
expression of HYP in urine was positively correlated with neutrophil count (r=0.3508, P=0.02), neutrophil
percentage (r=0.3804, P=0.047), and monocyte count (r=0.3263, P=0.04) but was negatively correlated with
serum albumin expression (r=-0.4031, P=0.008). The expression of HYP in BALF was positively correlated
with CRP (r=0.3652, P=0.02) but not with other indexes (P>0.05). ROC curve analysis indicated that the
sensitivity, specificity, and area under the curve (AUC) of blood HYP were 66.67%, 72.09%, and 0.6481,
respectively, while those of its combined diagnosis with TSPOT.TB were 78.57%, 96.77%, and 0.8690,
respectively. The sensitivity, specificity, and AUC of HYP in BALF were 67.74%, 64.29%, and 0.7435,
respectively, while those of its combined diagnosis with TSPOT.TB were 78.59%, 93.55%, and 0.8606,
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Conclusions: The expression of HYP in the serum and BALF of patients with PTB was higher than that

of control group, and the expression of HYP was correlated with some clinical indicators. HYP demonstrated

good sensitivity and specificity for the primary screening of PTB and higher sensitivity and specificity in the

diagnosis of HYP when combined with TSPOT.TB. It may thus have certain value for auxiliary diagnosis in

clinic.
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Introduction

Pulmonary tuberculosis (PTB) is a respiratory pulmonary
disease infection caused by Mycobacterium tuberculosis
(MTB) (1). Although there are well-developed treatment
methods, only a minority of patients are successfully
diagnosed with PTB due to individual differences and
the subjective interpretation of specimens (2). With the
deepening of research, a variety of auxiliary diagnostic
indicators of PTB have been applied to clinical practice,
but these each have certain limitations (3). At present, the
common etiological diagnosis, such as the gold standard
detection for tuberculosis (ITB) diagnosis (M'TB culture),
has a low positive rate of etiological laboratory detection

and a long culture time (4). Although the polymerase chain
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reaction (PCR) of M'TB, including TB-DNA and TB-RNA,
can shorten the detection time, it has high requirements for
specimen quality and cannot solve the practical detection
problem of a low positivity rate (5). The GeneXpert/RIF
assay has obvious advantages such as easy operation and
simultaneous detection of rifampicin resistance, but it can
only detect body fluid specimens with a high degree of
infection (6). The TB infection T lymphocyte spot assay
(TSPOT.TB) is a method for directly screening effector T
cells without interference from patient specimens or clinical
symptoms (7). Currently, it is widely used in the clinical
screening for TB infection. However, although it solves
the problem of non-contamination of specimens, it cannot
distinguish between active and latent TB infection (8).
Meanwhile, although bronchial brush microscopy can
overcome the challenges involving positivity rate and
cost, it is invasive and potentially harmful to patients (9).
Therefore, it is urgent to develop new diagnostic molecular
markers or combined diagnostics in PTB.

Hydroxyproline (HYP) is a nonessential amino acid and
a critical component of collagen (10). Studies have shown
that HYP plays an important role in a variety of diseases,
such as liver fibrosis, skin-associated diseases, graft-versus-
host disease (GVHD), wound healing, and cardiovascular
diseases (11-15). The anti-inflammatory, antioxidant, and
tissue repair effects of HYP in diseases have also been widely
recognized (16). During the occurrence and development
of PTB, lung tissue damage and tissue repair are important
evaluation indicators of the occurrence, development,
and treatment outcomes in those with TB (17). After the
MTB invades the lung tissue, it first leads to exudative
lesions of the lung, which manifest as congestion, edema,
and leukocyte infiltration. In the early exudative lesions,
neutrophils are mainly present and then are gradually
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replaced by lymphocytes and macrophages (18). Exudative
lesions are short-lived and are followed by proliferative
lesions, with Langerhans giant cells potentially appearing
in the center of the lesion. Epithelioid cells, Langerhans
cells, and lymphocytes infiltrate to form a typical epithelioid
granulomatous nodule, which is the characteristic lesion of
TB (19). If progression occurs, the inflammatory cells release
proteolytic enzymes after death, causing the tissue to dissolve
and necrotize, forming coagulative necrosis (19). Study
using animal experiments reported that changes in HYP
concentration are significantly associated with the degree of
pulmonary inflammation in TB and that HYP expression
is a prognostic predictor after anti-TB treatment (20).
This suggests that HYP may figure prominently in the
occurrence, development, and prognosis of PTB. However,
the expression level of HYP in different body fluid samples
of TB and its application value in clinical diagnosis have not
been systematically investigated.

Thus, in our study, the expression of HYP in blood,
urine, and bronchoalveolar lavage fluid (BALF) of PTB
was determined, and the correlation between HYP and
several clinical indicators was analyzed. The aim of this
study was to assess the diagnostic efficacy of HYP alone
or in combination with TSPOT.TB in the preliminary
screening of PTB. We present this article in accordance
with the STARD reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-24-1585/rc).

Methods
Study participants

Patients with PTB attending the Affiliated Nantong Hospital
of Shanghai University (The Sixth People’s Hospital of
Nantong) from August 2019 to December 2020 were
selected as the study participants. Blood, urine, and BALF
samples were collected from patients with PTB. Meanwhile,
healthy individual and those with general pneumonia
group were included as a healthy control (HC) group and a
respiratory control (RC) group, respectively. The inclusion
criteria for HCs were as follows: blood and urine samples
collected during the same period as physical, no history of
TB or history of exposure to TB, and normal computed
tomography (CT) examination and a negative TSPOT.TB
result. Meanwhile, the inclusion criteria for the RC groups
were as follows: BALF collected from RC patients, TB ruled
out by CT examination, and a negative TSPOT.TB result.
The presence of TB (the PTB group) was determined

© AME Publishing Company.
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mainly according to the Guidelines for the Diagnosis and
Treatment of Tuberculosis and diagnosed by clinicians
following the diagnostic criteria of the Tuberculosis Branch
of the Chinese Medical Association. Chronic diseases such
as human immunodeficiency virus (HIV) infection, other
chronic illness, adrenocorticosteroid use, and use of other
immunosuppressives were excluded from the study. All
individuals were included according to age and sex, and all
selected participants were of Han ethnicity with no blood
relationships between them. This study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013). All data and sample collection in this study were
subject to informed consent and were approved by the
Ethics Committee of the Affiliated Nantong Hospital
of Shanghai University (The Sixth People’s Hospital of
Nantong) (No. NTLYLL2019017).

Acquisition of three types of body fluid specimens

The specimens of patients with TB included serum, urine,
and BALF before and after treatment. Blood and urine
specimens were collected from each group and stored in
a biobank. BALF specimens are mainly obtained through
bronchoscopy by professional TB clinicians.

TSPOT.TB procedure

TB infection was detected with a TSPOT.TB kit (Shanghai
Fuxing Changzheng Biotechnology Co., Ltd., Shanghai,
China). The steps of the assay procedure were as follows:
5 mL of peripheral blood was collected with a heparin
anticoagulant tube and poured into a 15-mL centrifuge
tube. The same volume of Ficoll lymphocyte separation
solution was added proportionally. Gradient centrifugation
was completed, and a thin layer of mononuclear cells in the
middle was absorbed and counted. Cells (2x10°/L) were
then seeded in the plate and cultured in a 5% CO, incubator
at 37 °C. According to requirements mentioned in the kit,
a blank control well (without cells), a positive control well
(phytohemagglutinin stimulation), TB-specific antigens
ESAT6 stimulation group, and CFP-10 stimulation group
were established. After enzyme-conjugate secondary antibody
was added into all wells, a color-rendering solution was added
to the washing plate for color rendering. A special detector
supplied by Shanghai Fuxing Changzheng Biotechnology
Co., Ltd. was used to read the number of spots and assess the
experimental results. Results were analyzed according to the
manufacturer’s instructions in TSPOT.TB kit.
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HYP detection

HYP expression was determined according to a HYP
detection kit (Sigma-Aldrich, Merck Group, Darmstadt,
Germany). Serum, urine, or BALF samples (100 pL. each)
were transferred into a sealed polypropylene Eppendorf
tube with a liner lid. After the addition of 12 M of 100 pL
hydrochloric acid (Sigma-Aldrich) and reaction at 120 °C
for 3 hours, 4 mg of activated carbon (Sigma-Aldrich) per
tube was added and centrifuged at 10,000 g for 3 min.
Subsequently, 1050 pL of supernatant was directly transferred
to a 96-well plate. The preparation method of the HYP
standard was as follows: 10 pL of 1 mg/mL HYP standard
solution was diluted with 90 pL of water into a 0.1-mg/mL
standard storage solution. Following this, 0.1 mg/mL
of HYP standard liquid in volumes of 0, 2, 4, 6, 8, and 10 pL.
was added to the 96-well plate to generate 0 (blank), 0.2,
0.4, 0.6, 0.8, and 1.0 pg/well standard liquids, respectively.
Chloramine T/oxidation buffer (100 pL) was then
added to the sample and standard well and incubated
at room temperature for 5 min. After 100 pL of diluted
dimethylaminobenzaldehyde reagent was added into each
well and incubated at 60 °C for 90 min, the absorbance value
(A value) was measured at 560 nm (A560).

Statistical analysis

All data were analyzed and processed using GraphPad Prism
8.0 (GraphPad Software, Inc., La Jolla, CA, USA) and
SPSS 17.0 (IBM Corp., Armonk, NY, USA). Unpaired and
paired samples were statistically analyzed through variance
analysis, the z-test, or the Chi-square test. Count data
and measurement data of included cases were calculated
according to percentile and mean = standard deviation
(SD). The sensitivity and specificity of HYP diagnosis, 95 %
confidence interval (CI), and area under the curve (AUC)
were analyzed using the receiver operating characteristic
(ROC). Spearman correlation coefficient was used to
measure the correlation between two quantitative variables.
All tests were two-tailed, and a P value <0.05 was generally
considered to indicate statistical significance.

Results
General information of included participants

In order to examine the diagnostic role of HYP in PTB, 144
participants were included in the study: 43 in the HC group,
39 in the RC group, and 42 in the PTB group. The general
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information of patients is shown in Tible 1. As indicated by
the table, the lymphocyte and monocyte count of the PTB
group were significantly increased compared to those of the
HC group (lymphocyte: P=0.02; monocyte: P=0.02) as were
the levels of immunoglobin A (IgA; P=0.02) and C-reactive
protein (CRP; P<0.001); however, there was significant
decrease in serum protein (TP; P<0.001; ALB; P<0.001).
Among the patients with P'TB, TSPOT.TB, sputum smear,
and sputum culture were positive in 78.57%, 71.43%,
and 76.19%, respectively; meanwhile, the positive rates of
the TB-RNA and the GeneXpert assay were 64.29% and
90.48%, respectively. Compared with the RC group, the
PTB group had a higher neutrophil count (P=0.04) and
neutrophil percentage (P=0.02), but there was no significant
difference in the other indicators between these groups

(P>0.05).

Expression of HYP in different specimen types

To investigate HYP expression in different body fluids,
we analyzed HYP expression in serum, urine, and BALF.
Compared with that in the HC group, the expression
of HYP in serum of patients with PTB was significantly
increased (P=0.03), while the expression of HYP in urine
was not significantly different (P>0.05). Compared with
that of the RC group, HYP expression in the BALF of
patients with PTB was significantly increased (P<0.001),
as shown in Figure 1. Statistical analysis showed that the
expression of HYP with PTB in different body fluids had
certain correlations (serum HYP vs. urine HYP: r=0.8556,
P<0.001; serum HYP vs. BALF HYP: r=0.4274, P=0.005;
urine HYP vs. BALF HYP: r=0.4980, P<0.001) (Figure 2).
Moreover, the expression of HYP in the serum and BALF
of patients with PTB was higher than that of the control
group, indicating HYP may have certain diagnostic value.

Correlation analysis between HYP and relevant clinical
indicators

After analyzing the clinical test indicators in the PTB
group, we found that serum HYP expression was positively
correlated with CRP level (r=0.4661, P=0.002), neutrophil
count (r=0.3338, P=0.03), and monocyte count (r=0.3462,
P=0.02) and negatively correlated with albumin level
(r=-0.3575, P=0.02) (Figure 3). The expression of HYP
in urine was positively correlated with neutrophil count
(r=0.3508, P=0.02), neutrophil percentage (r=0.3804,
P=0.047), and monocyte count (r=0.3263, P=0.04) and
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Table 1 General data of the three groups
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Characteristics HC (n=43) RC (n=39) PTB (n=42) —— PTB vs. RG
Sex (male/female) 16/27 21/18 22/20 0.20 0.37
Age (years) 41.33+12.89 49.35+14.12 45.14+13.52 0.25 0.69
WBC (x10%L) 6.78+3.26 7.37+2.29 6.21+2.39 0.33 0.09
LYM (x10%/L) 18.15+0.83 1.48+0.71 1.44+0.69 0.02* 0.62
LMY (%) 29.66+11.68 20.41+7.83 20.08+10.13 0.02* 0.24
MON (x10°/L) 0.38+0.18 0.52+0.19 0.50+0.27 0.02* 0.90
MON (%) 5.89+2.20 10.30+16.33 8.18+2.84 <0.001** 0.56
NEU (x10%/L) 4.46+2.87 5.19+2.02 4.03+1.99 0.42 0.04*
NEU (%) 62.00+13.43 69.49+9.33 63.77+10.17 0.44 0.02*
RBC (x10'"%/L) 4.49+0.61 4.24+0.65 4.42+0.72 0.68 0.56
HGB (g/L) 133.63+18.30 127.42+21.25 130.02+21.26 0.41 0.96
TP (g/L) 73.46+13.84 66.60+4.85 66.02+5.37 <0.001*** 0.34
ALB (g/L) 44.48+2.78 40.56+3.73 39.90+3.86 <0.001™* 0.42
IgA(g/L) 2.20+1.13 2.41+0.90 2.93+1.31 0.02* 0.14
19G (g/L) 11.01+2.36 10.40+1.78 10.81+2.70 0.65 0.11
IgM (g/L) 1.46+0.62 1.39+0.70 1.26+0.50 0.09 0.22
IgE (IU/mL) 66.70+70.38 249.45+543.29 128.52+274.55 0.19 0.40
ESR (mm/h) 14.09+9.97 24.06+32.60 27.83+31.11 0.007 0.62
CRP (mg/L) 5.10+4.71 22.60+36.30 41.57+60.74 <0.001** 0.08
TSPOT.TB 2 (4.65) 0 (0.00) 33 (78.57) <0.001** <0.001***
MTB-smear (+) 0 (0.00) 0 (0.00) 30 (71.43) <0.001** <0.001***
MTB-culture (+) 0 (0.00) 0 (0.00) 32 (76.19) <0.001*** <0.001***
TB-RNA (+) 0 (0.00) 0 (0.00) 27 (64.29) <0.001** <0.001***
GeneXpert/RIF (+) 0 (0.00) 0 (0.00) 38 (90.48) <0.001** <0.001***

Data are presented as n, mean + standard deviation, or n (%). Significant value: *, P<0.05; ***, P<0.001. HC, healthy control; RC, respiratory control;
PTB, pulmonary tuberculosis; WBC, white blood cell count; LYM, lymphocyte count; MON, monocyte count; NEU, neutrophils count; RBC, red
blood cell count; HGB, hemoglobin; TP, total protein; ALB, albumin; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; IgE;
immunoglobulin E; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; TSPOT.TB, tuberculosis infection T lymphocyte spot assay; MTB,
Mycobacterium tuberculosis; RIF, rifampicin.
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Figure 1 The expression of HYP in different specimens of patients with PTB. (A) The changes of HYP in the serum of the HC and PTB
groups. (B) The changes of HYP in the urine of the HC and PTB groups. (C) The changes of HYP in the BALF of the RC and PTB groups. *,
P<0.05; ***, P<0.001; ns, no statistical difference. HYP, hydroxyproline; HC, healthy control; PTB, pulmonary tuberculosis; RC, respiratory
control; BALF, bronchoalveolar lavage fluid.
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serum HYP and ALB. HYP, hydroxyproline; CRP, C-reactive protein; NEU, neutrophil; MON, monocyte; ALB, albumin.

negatively correlated with albumin level (r=-0.4031, P=0.008)
(Figure 4). HYP expression in BALF showed a positive
correlation with CRP level (r=0.3652, P=0.02) (Figure 5).

Diagnostic analysis of HYP and TSPOT.TB detection in PTB

The ROC curve was used to determine the diagnostic

© AME Publishing Company.

performance of HYP in PTB. The results showed that
the sensitivity, specificity, and AUC of serum HYP were
66.67%, 72.09%, and 0.6481, respectively, while the
sensitivity, specificity, and AUC of HYP in BALF were
67.74%, 64.29%, and 0.7435, respectively. As TSPOT.'TB
is a commonly used blood test index, we analyzed the
diagnostic efficacy of the combined detection of HYP
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and TSPOT.TB in PTB. We found that the AUC of the
combined detection of serum HYP and TSPOT. TB was
0.8690, the sensitivity was 78.57%, and the specificity
was 96.77%. The AUC area of the combined detection of
HYP and TSPOT.TB in BALF was 0.8606, the sensitivity
was 78.59%, and the specificity was 93.55%, as shown in
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Figure 6. These results indicate that HYP may be a valuable
auxiliary indicator in the diagnosis of TB and that the
combined diagnosis of HYP and TSPOT.TB can effectively

improve the diagnostic efficacy.

Discussion

Although PTB has been studied in depth, and its associated
vaccines and therapeutic drugs have been widely used, PTB
remains a major disease across the globe (21). In clinics,
the diagnosis of PTB is mainly dependent on etiological
detection; however, traditional methods are reliant upon
the quality of sputum and other respiratory specimens,
resulting in a low detection rate (22). A number of studies
have shown that MTB infection detection in the body
fluid samples from patients, such as blood, can avoid the
subjectivity in interpretation (23,24). Therefore, identifying
novel blood molecular markers is a critical need for the
early diagnosis of PTB.

HYP is a relatively traditional molecular marker and is
mainly used in the diagnosis of several conditions, such as
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Figure 6 Diagnostic efficacy of HYP in combination with TSPOT.TB in the diagnosis of PTB. (A) The ROC curve of serum HYP and
its combination with TSPOT.TB for PTB. (B) The ROC curve of HYP in BALF and its combination with TSPOT. TB for PTB. HYP,
hydroxyproline; TSPOT.TB, tuberculosis infection T lymphocyte spot assay; BALF, bronchoalveolar lavage fluid; PTB, pulmonary

tuberculosis; ROC, receiver operating characteristic.

injury repair, skin diseases, liver fibrosis, and cardiovascular
diseases (11-15). Although there have been some insightful
reports regarding the role of HYP in PTB and its related
diseases, there has been no systematic study or evaluation
related to the diagnostic utility of HYP in PTB (25,26). Our
study thus analyzed the role of HYP in PTB diagnosis by
collecting serum, urine, and BALF from patients with PTB.
Among these people included in this study, the lymphocyte
and monocyte count of the PTB group were significantly
increased compared to those of the HC group as were the
levels of IgA and CRP. There was significant decrease in
serum protein. Among the patients with PTB, TSPOT.'TB,
sputum smear, and sputum culture were positive in 78.57%,
71.43%, and 76.19%, respectively; meanwhile, the positive
rates of the TB-RNA and the GeneXpert assay were
64.29% and 90.48%, respectively. Compared with the
RC group, the PTB group had a higher neutrophil count
and neutrophil percentage, but there was no significant
difference in the other indicators between these groups.
The results showed that compared with the HC group,
the HYP expression in serum of patients with PTB was
significantly increased, while that from urine was not.
Compared with that in the RC group, the HYP expression
in BALF of patients with PTB was significantly increased.
In addition, statistical analysis suggested that in patients
with PTB, HYP expression was positively correlated among
serum, urine, and BALF specimens. These results indicate
that the expression of HYP in serum and BALF of patients
with PTB is higher than that of healthy individuals, which
may have certain diagnostic significance. Subsequently,

© AME Publishing Company.

ROC curves were used to analyze the diagnostic efficacy of
HYP in serum and BALF for PTB. The results showed that
the sensitivity of HYP in serum was 66.67%, the specificity
was 72.09%, and the AUC was 0.6481; meanwhile, the
sensitivity, specificity, and AUC of HYP in BALF were
67.74%, 64.29%, and 0.7435, respectively. Finally, the
sensitivity, specificity, and AUC of HYP in serum combined
with TSPOT.TB were 78.57%, 96.77%, and 0.8690,
respectively, while the sensitivity, specificity, and AUC
of HYP in BALF combined with TSPOT were 78.59%,
93.55%, and 0.8606, respectively. These results suggest
that HYP may serve as an auxiliary molecular marker in the
diagnosis of PTB. The combined diagnosis of HYP and
TSPOT demonstrated significantly improved the specificity
and could effectively improve the diagnostic efficacy for
PTB. Previous studies have shown that the urine excretion
of HYP is increased in patients with TB (27,28), but we did
not find this to be significantly different our in our study.
This could be due to factors such as outdated literature on
urine HYP detection, the low specificity of its detection
methods, or different population characteristics.

Research also indicates that macrophages play a critical
role in the host anti-TB infection as an important constituent
of TB granuloma, which is also composed of dendritic
cells, neutrophils, T cells, and B cells (29). The expression
changes of neutrophils, mononuclear macrophages, and
some inflammatory factors are accompanied by host anti-
TB infection (30). Our study found that HYP was positively
correlated with some clinical test indicators related to
infection and inflammation, such as CRP level, neutrophil
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count, monocyte count, and neutrophil percentage.
These results suggest that neutrophils, monocytes, and
inflammatory cytokine CRP play an important role in the
process of tissue injury and repair.

Studies have shown that around a quarter of TB cases
globally are caused by malnutrition, which increases the risk
of TB by 6 to 10 times (31,32). A lower albumin level is one
of the main manifestations of malnutrition in patients with
TB. An analysis of 1,100 patients with TB aged 65 years
or older found that the average albumin level of patients
with nutritional risk was significantly lower than that of
patients without nutritional risk (34.15 vs. 38.18 g/L) (33).
Another case-control study showed that the albumin level
of patients with PTB was significantly lower than that
of the control group (3.3 vs. 3.9 g/dL) (34). The main
mechanism underlying this association is that patients
with PTB are prone to gastrointestinal dysfunction and
loss of appetite due to the influence of inflammation and
disturbance of feeding factors, which increases the level
of serotonin in hypothalamus (35). In addition, patients
with TB are often unable to synthesize proteins due to the
“anabolic disorder” of proteins, and the amino acids they
ingestion are mainly used for oxidation and energy supply,
resulting in the loss of protein libraries in the body (36).
In addition, the downregulation of albumin in those with
TB is not conducive to lesion absorption, cavity closure,
or drug absorption, and drug-induced liver injury is more
likely to occur during anti-TB treatment, which hinders the
rehabilitation of patients with TB (37). Our study found that
in the PTB group, the expression of HYP was negatively
correlated with the albumin level. This indicates that the
downregulation of nutritional protein in the body might lead
to the slowing down of lung tissue repair during the onset
of TB, resulting in the decline of the body’ ability to clear
MTB, which is not conducive to the reconstruction and
repair of lung tissue and leads to increased HYP expression.

Conclusions

Our findings suggest that the expression of HYP in
patients with PTB is significantly increased, and thus HYP
expression may serve as an auxiliary diagnostic molecular
marker of TB. Furthermore, HYP expression is correlated
with relevant clinical indicators and can reflect the disease
status well. Due to the limitations of sample size and single-
center study, although the study has achieved certain
positive diagnostic results, we hope to conduct multi-center
study and expand the sample size to further confirm the

© AME Publishing Company.
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value of HYP in PTB in the future, and we are looking for
researchers work together and join us.
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