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Abstract
This study aims to evaluate the clinical value of haptoglobin (Hp) and sCD163 testing for the differential diagnosis of pleural effusion,
and investigate the correlation of Hp and sCD163 with the inflammatory response of the body.
Pleural effusion samples were collected from 78 patients (38 tuberculous pleural effusions [TPE] and 40malignant pleural effusions

[MPE]). The concentrations of Hp and sCD163 in the pleural effusion were measured by enzyme-linked immunosorbent
assay (ELISA).
The concentrations of Hp and sCD163 were significantly higher in the TPE group than in the MPE group (P< .05). The sensitivity

and specificity of the Hp test for the differential diagnosis of TPE andMPE was 82.4% and 86.1%, respectively (P< .01), while the cut
off value was 779.05ug/mL. Furthermore, the sensitivity and specificity of the sCD163 test for the differential diagnosis of TPE and
MPE was 76.3% and 85.0%, respectively (P< .01), while the cut off value was 16,401.11ng/mL. Moreover, the sensitivity and
specificity of the combination of Hp and sCD163 tests for diagnosing TPEwas 90.0% and 87.5%, respectively. Hp and IL-1b, TNF-a,
CRP and ESR were positively correlated in both the TPE group and MPE group (P< .05). Hp and sCD163 were positively correlated
in the TPE group (r=0.3735, P= .0209), but not in the MPE group (r=0.22, P= .1684). However, there was no correlation between
sCD163 and TNF-a, CRP and ESR in either the TPE group, or theMPE group (P> .05). Furthermore, sCD163 and IL-1bwere weakly
correlated in the TPE group (r=0.49, P= .0018), but these had no correlation in the MPE group (r=0.068, P= .6767).
Hp and sCD163 can be used as biological markers for the differential diagnosis of pleural effusion in clinic, and the level of Hp in

pleural effusion may reflect the intensity of inflammation in the body to some extent.

Abbreviations: CRP =C-reactive protein, ELISA = enzyme-linked immunosorbent assay, ESR = erythrocyte sedimentation rate,
Hp = haptoglobin, IL-1b = Interleukin-1b, MPE = malignant pleural effusions, sCD163 = soluble CD163, TNF-a = tumor necrosis
factor-a, TPE = tuberculous pleural effusions.
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1. Introduction

A pleural effusion is the excess fluid that accumulates in the
pleural cavity, which is caused by various diseases. Tuberculous
pleural effusion (TPE), malignant pleural effusion (MPE), and
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par pneumonic pleural effusion are the most common causes of
exudative pleural effusion in clinical practice. According to
statistics, tuberculosis and malignant diseases account for
44.1% and 29.6% of the causes of pleural effusion,
respectively.[1] Furthermore, both TPE and MPE present with
lymphocytic pleural effusions. The early diagnosis of TPE is an
important step for treating tuberculous pleural effusion, since it
is closely associated with the course and prognosis of the
disease. However, conventional diagnostic tests, including
microscopic examination of the pleural fluid, biochemical
tests, culture of the pleural fluid, sputum, or pleural tissue, and
the histopathological examination of pleural tissue, have
known limitations, because the sensitivity and specificity could
not be taken into account. Therefore, there is a need to develop
more sensitive and effective detection methods. In recent years,
varieties of differentially expressed proteins in TPEs and MPEs
have been identified by proteomics. Those differentially
expressed proteins can be used as important biomarkers for
the differential diagnosis of TPE and MPE. According to
published proteomics studies on TPEs and MPEs, the level of
haptoglobin (Hp) and free CD163 (soluble-CD163, sCD163) in
TPEs and MPEs significantly differ.[2,3] Therefore, both Hp and
sCD163 are potential biomarkers for the differential diagnosis
of TPE and MPE. Hp is an acid glycoprotein produced by the
liver. Furthermore, Hp is a multiple functional protein that can
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Table 1

Baseline characteristics of patients and levels of inflammatory

Gao et al. Medicine (2019) 98:42 Medicine
be detected in serum and other body fluids. The main functions
of Hp are as follows:
markers in serum obtained from patients with TPE and MPE.
1.

Groups TPE (n=38) MPE (n=40) P

Gender: Male/Female 18/20 20/20 P= .825
Age 56.5±19.53 59.68±9.45 P= .83
Hp protects hemoglobin (Hb) by combining with free Hb and
transporting Hb to macrophages in the form of a Hp-Hb
complex, thereby avoiding the oxidative stress damage of
excess Hb;
IL-1b (pg/L) 3390.35±1830.39 1583.21±714.59 P= .007
2.

TNF-a (pg/mL) 377.49±177.09 286.74±134.390 P= .014
CRP (mg/L) 95.64±40.78 10.13±5.16 P= .002
ESR (mm/h) 50.32±14.63 30.05±18.65 P= .008
as an important acute reaction protein in the process of host
anti-infective defense, Hp performs the repair of damaged
tissues and maintenance of the stability of the internal
environment;
The primary lesions in the MPE group included 30 cases of lung cancer, three cases of breast cancer,
3.

two cases of gastric cancer, one case of pleural mesothelioma, one case of urothelial tumor, one case
of esophageal cancer, one case of lymphoma, and one case of rectal cancer.
TPE= tuberculous pleural effusion; MPE=malignant pleural effusion.
Hp is an important player in regulating antioxidation,
prostaglandin synthesis, bacteriostasis, angiogenesis, and
immune response.

CD163 is a transmembrane glycoprotein with 9 extracellular
domains, and belongs to the scavenger receptor cysteine-rich
superfamily.[4] The molecular weight of CD163 is 130 kDa,
which is mainly expressed on the surface of mature mononuclear
macrophage membranes, especially M2 macrophages.[5–7] The
anti-inflammatory and antibacterial activities of CD163 have
been reported in recent years.[8,9] Studies have found that when
macrophages are activated through Toll-like receptors in
response to inflammatory and other stimulations, CD163 on
the surface of macrophages can be released into the surrounding
body fluids through the cleavage of proteins to form free CD163
(sCD163).[10] Therefore, sCD163 is considered as a marker of
macrophage activation.[11]

The aim of the present study was to evaluate the utility of
both Hp and sCD163 as biomarkers for the differential
diagnosis of TPE and MPE, and determine the sensitivity and
specificity of Hp and sCD163 in the differential diagnosis of
malignant and tuberculous pleurisy. Meanwhile, the correla-
tion of Hp and sCD163 with cytokines, such as Interleukin
(IL)-1b and tumor necrosis factor (TNF)-a, as well as clinically
applied inflammatory markers, such as C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR), in TPEs and
MPEs were also investigated. The present study presents the
feasibility of Hp and sCD163 for the differential diagnosis of
TPE and MPE.
2. Materials and methods

2.1. Patients

The present study recruited 78 patients with primary pleural
effusion in the First Hospital of Jilin University from April 2017
to January 2018. The age of these patients ranged within 18 to 72
years old. Among these patients, 38 patients had TPE, while 40
patients had MPE. Group criteria: The pleural effusion
examination for all patients was performed according to Light’s
criteria for exudative pleural effusion. All patients were
diagnosed with tuberculosis or malignant tumor through the
pleural effusion cytology specimen obtained by thoracoscopy.
Exclusion criteria:
1.
 patients who previously had a similar pleural effusion or
definite diagnosis of tuberculosis and malignant tumor;
2.
 patients who previously or recently received treatment for
regular anti-tuberculosis, chemotherapy, or regular anti-
inflammation, or used immunosuppressive agents;
3.
 the initial segment of the thorax piercing fluid could not be
successfully obtained;
2

4.
 patients with serious liver disease, renal diseases, heart
diseases, immune system diseases and other related diseases
that could affect the expression of Hp and sCD163;
5.
 patients with severe or incomplete data.

Table 1 presents the samples, which were divided into 2
groups: samples from patients with TPE, and samples from
patients with MPE.
The protocol and procedure of the present study were

approved by the Institutional Ethical Committee, and all patients
who agreed to participate in the present study were required to
provide a signed consent form.
2.2. Pleural fluid collection

The initial pleural effusion was collected and stored at a constant
temperature of 4°C, centrifuge at 1500rpm for 5minutes, and the
supernatant was dispensed. Then, the supernatant was centrifuge
again at 4000rpm for 10minutes. Next, an aliquot of the isolated
supernatant was placed in Eppendorf tubes (1mL/tube) and
stored in a freezer at �80°C.
2.3. Measurement of the levels of biomarkers and
inflammatory factors

The samples of the pleural effusion were defrosted at 4°C in a
room. When precipitates were observed in the samples, the
sample was centrifuged again to obtain a clear supernatant for
testing. The measurement of the concentration of Hp and CD163
in the pleural effusion samples was performed using an ab108856
human haptoglobin kit (Abcam) and RD Systems human CD163
kit (RD Systems). Then, the level of IL-1b and TNF-a in these
pleural effusion samples was determined by ELISA using a
microplate reader (BioTek, ELx800).
The examination of ESR and CRP was performed by the

laboratory of our hospital. Both ESR and CRP are routine
laboratory tests for all patients on the day of admission.
2.4. Statistical analysis

The data analysis was performed using SPSS 18 software.
Comparisons for normally distributed measurement datasets
were performed using t test, while comparisons for non-normally
distributed measurement datasets were performed using non-
parametric rank sum test. A P value of <.05 was considered
statistically significant. A receiver operating characteristic (ROC)
curve was used to define the best cut-off point for the diagnostic



Figure 1. The levels of Hp in pleural effusions obtained from patients with
tuberculous and cancer.

Figure 3. The ROC curve of Hp and sCD163 levels for diagnosing tuberculous
pleural effusion.
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biomarker, and calculate the sensitivity and specificity of Hp and
sCD163 testing. Pearson linear correlation was used to determine
the correlations between various parameters.
3. Results

3.1. Hp and sCD163 levels in pleural effusion samples

In order to evaluate the utility of both Hp and sCD163 as
biomarkers for the differential diagnosis of TPE and MPE, the
concentration of Hp and sCD163 in specimens collected from
patientswithTPEandpatientswithMPEwasmeasured. As shown
in Figure 1, the median concentration of Hp was significantly
higher in TPE (1,374.936±411.13ug/mL), than in MPE (505.84
±294.65ug/mL), and the difference inmedian values betweenTPE
andMPEwas statistically significant (P< .05). On the other hand,
the median concentration of sCD163 was also significantly higher
in the TPE group (2102.58±611.59ng/mL), when comparedwith
the MPE group (1240.62±428.74ng/mL), and the difference in
Figure 2. The levels of sCD163 in pleural effusions obtained from patients with
tuberculous and cancer.

3

median concentration of sCD163 between TPE and MPE was
statistically significant (P< .05) (Fig. 2)

3.2. Diagnostic value of Hp and sCD163 measurements

In order to determine the sensitivity and specificity of Hp and
sCD163 in the differential diagnosis of malignant and tubercu-
lous pleurisy, a ROC curve analysis was performed. The analysis
results revealed that Hp offered an area under the curve (AUC) of
0.940 between the TPE and MPE groups. As shown in Figure 3,
the diagnostic sensitivity and specificity of the pleural fluid Hp
test at an optimal cut-off value of 779.05ug/mL was 82.4% and
86.1%, respectively (P< .01). Moreover, sCD163 offered an
AUC of 0.888 between the TPE andMPE groups. The diagnostic
sensitivity and specificity of the pleural fluid SCD163 test at an
optimal cut-off value of 16401.11ng/mLwas 76.3%%and 85%,
respectively (P< .01) (Fig. 3).
The strength of the combined measurement of Hp and sCD163

was also estimated. The combined measurement of Hp and
sCD163 offered an AUC of 0.963 between the TPE and MPE
groups. The diagnostic sensitivity and specificity of the combined
measurement of Hp and sCD163 was 90% and 87.5%,
respectively (P< .01, Fig. 3), indicating that the combined
measurement is better than a single test of Hp or sCD163 for the
differential diagnosis of malignant and tuberculous pleurisy.
3.3. Results of Pearson correlation analysis between Hp
and sCD163, IL-1b, TNF-a, CRP, ESR

The correlation of Hp and sCD163 with cytokines and
inflammatory markers in the TPE and MPE groups was
investigated using Pearson linear correlation analysis. The
analysis data revealed the following:
1.
 IL-b was positively correlated with TNF-a in the TPE and
MPE groups (P< .0001);
2.
 Hp was positively correlated with IL-1b, TNF-a, CRP and
ESR (P< .05);
3.
 Hp and sCD163 were positively correlated in the TPE group
(r=0.3735, P= .0209), but not in the MPE group (r=0.22,
P= .1684);
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4.
 there was no correlation between sCD163 and CRP, ESR and
TNF-a in the TPE and MPE groups (P> .05);
5.
 sCD163 was weakly correlated with IL-1b in the TPE group
(r=0.49, P= .0018), but not in the MPE group (r=0.068,
P= .6767).

4. Discussion

The development of novel biomarkers for the differential
diagnosis of TPE and MPE has been an area of active
investigation in recent years. Numerous studies have found that
differentially expressed proteins in pleural effusions have high
clinical value as a biomarker for the differential diagnosis of
pleural effusion etiology. Among the differential expressed
proteins, Hp[12,5] and sCD163[13] have been given more
attentions due to the significant difference in their levels in
TPE and MPE. Hp is an acid glycoprotein produced mainly by
the liver, and detected in serum and other body fluids. It has been
reported[14] that the level of Hp was significantly higher inMPEs,
than in non-MPEs (P< .001). Another study performed a
proteomics analysis of TPE and MPE, and revealed that there
were significant differences in Hp level between TPE and
MPE.[12] Hp is significantly increased in TPEs.[12] In order to
evaluate the utility of Hp as a biomarker for the differential
diagnosis of TPE and MPE, the Hp levels between the TPE and
MPE groups were compared through measurement by ELISA.
The results revealed that Hp was significantly elevated in TPE,
when compared to MPE (P< .01). Furthermore, the analysis of
the ROC curve revealed that the cut-off value of the Hp test
(779.05ug/mL) has high sensitivity and specificity (82.4% and
86.1%, respectively). However, these present results are contrary
to the study conducted by Alexandrakis et al[14] but similar to the
study conducted by Lee et al.[12] The insistence of the results of
the 2 reports mentioned above may be due to the hypoxic state of
macrophages in the tissue granulomas of tuberculosis patients,
which can inhibit tuberculosis infection.[15] When erythrocytes
are heavily lysed during hypoxia, the Hb in the blood would
increase, accordingly. Under that condition, Hp production
would increase to remove the excessive Hb. In addition, the body
of a patient with tuberculous pleurisy would go to a hypersensi-
tive state, leading to the increase in Hp as an acute reaction
protein, which would involve anti-infection, the repair of
damaged tissues, and the maintenance of homeostasis. In the
study conducted by Alexandrakis et al,[14] Hp was found to be
significantly elevated in MPEs, and this was considered to be
correlated to the function of secreted Hp in certain tumor cells.
The difference in results between these 2 previous reports may be
due to the difference in research population.
In the report of Suzuki et al,[13] the level of sCD163 in serum

and the pleural effusion supernatant of patients with tuberculosis
significantly increased (P< .01). However, the level of sCD163 in
the pleural effusion was significantly higher, when compared to
that in serum. Similarly, the present study revealed that the level
of sCD163 in the TPE group was significantly higher than that in
the MPE group (P< .01). This is consistent with the report of
Suzuki et al,[13] considering that M2 macrophage activity is
significantly increased in active tuberculosis, because M2
macrophages play a leading role in the development of
tuberculous granuloma.[16] Furthermore, the ROC curve analysis
revealed that the sensitivity and specificity of sCD163 in the
diagnosis of TPE was 76.3% and 85.0%, respectively (P< .01).
4

When compared to the best diagnostic value of the Hp test, the
sensitivity of the sCD163 test was slightly lower, but the
specificity was similar. The analysis also indicated that the
combination of the Hp and sCD163 test had a higher sensitivity
and specificity (90% and 87.5%, respectively), when compared
to a single Hp or sCD163 test for the differential diagnosis of TPE
and MPE. Since IL-1b and TNF-a are important inflammatory
factors in the body, the correlation of IL-1b and TNF-awith TPE
or MPE was also investigated in the present study. The analysis
results revealed that IL-b and TNF-a had a positive correlation in
TPEs andMPEs. Furthermore, Hp was positively correlated with
IL-1b, TNF-a, CRP and ESR in TPE and MPE (P< .05). These
results reveal the association of Hp with the inflammatory
response of the body, suggesting that Hp may be used as an
important indicator of inflammatory response of the body.
However, the comparative analysis of sCD163 and related
inflammatory markers revealed a weak correlation between
sCD163 and IL-b in the TPE group (r=0.49, P= .0018), while
there was no correlation between sCD163 and CRP, ESR and
TNF-a in both the TPE and MPE groups (r=0.3735, P= .0209).
Furthermore, the analysis revealed that Hp and sCD163 were
positively correlated in the TPE group (r=0.3735, P= .0209), but
not in the MPE group. It remains unclear whether a linear
correlation in sCD163 level exists with the number of CD163 on
the macrophage membrane surface. Due to the sample size of the
present study study, it remains unclear whether Hp and CD163
are correlated.
All specimens tested in the present study were initial pleural

effusions collected from patients who did not receive anti-
inflammation or anti-tumor treatment. Many factors may affect
the level of Hp and sCD163 in TPE andMPE, such as diseases of
the liver and kidney, immune system and circulatory system, as
well as drug treatment. Therefore, for the accuracy of the tests of
these patients, these factors were excluded in the present study.
However, the sample size of the present study was small. Hence,
there may be some deviations. Future studies on Hp and sCD163
in TPE and MPE would be conducted with an expanded sample
size. Furthermore, Suzuki et al[13] found that patients with a
serum sCD163 level above 1300ng/mL had a mortality rate that
was five times higher than that of patients with lower sCD163
levels (44.6% vs 6.6%; P< .0001, by log-rank test). Therefore, it
is necessary to investigate the effect of Hp and sCD163 in pleural
effusions on the prognosis of the disease in future studies.
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