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Abstract

Background: Community Acquired Pneumonia (CAP) is increasingly prevalent. Although most patients can be
cured after antimicrobial treatment, some individuals may develop acute lung injury or fatal septic shock after rapid
disease progression. Genetic variation in the form of Single Nucleoid Polymorphisms (SNPs) of key molecules in
innate immunity are related to clinical outcome of Community Acquired Pneumonia (CAP). Pentraxin 3 (PTX3) is one
of the key members of the acute-phase reactant superfamily and plays an important role against various diseases.

Objective: The purpose of the current study was to assess the association between SNP in the PTX3 gene and
its association with the risk of CAP.

Methods: This is a retrospective case-control study conducted in a department of respiratory medicine of a single
medical center. Patients who were diagnosed with CAP based on the criteria of the Chinese Thoracic Society between
January 2018 and December 2019 were included as the CAP group. Then CAP cases were matched 1:1 by gender
with non-infectious hospitalized patients from the same department during the same time. By using polymerase chain
reaction sequencing, we detected the genotypes and determined the allele frequencies and haplotype distributions
of three SNPs within the PTX3 gene (rs2305619, rs3816527, and rs1840680) in the CAP and control groups, and
compared their associations with the risk of CAP.

Results: Three SNPs in both groups were consistent with Hardy-Weinberg Equilibrium (HWE). A strong linkage
disequilibrium was detected between any pair of the SNPs (D’=0.85 for rs2305619 and rs3816527, D’=0.91 for
rs2305619 and rs1840680, and D’=0.93 for rs3816527 and rs1840680, respectively). Although there was no significant
difference between CAP and control groups for genotypic distribution and haplotype frequency, we determined that
SNP rs1840680 AA homozygotes were associated with a lower risk of CAP in adults (OR, 0.32; 95% ClI, 0.11-0.91;
p=0.03).

Conclusions: Our findings suggested that PTX3 SNP was associated with the risk of CAP in adults. Translationally,
this could mean that a diagnostic method or kit could be developed for rapid detection of SNPs in clinics to reduce the
risk of CAP, especially for immunocompromised patients.

L

resolving pneumonia. Mortality at one year was 23%, 52%, and 51% [2].
The prognosis could be worse in light of a global epidemic (i.e. SARS,
MERS, or COVID-19), and therefore needs a multidisciplinary, precise,
and personalized approach in elucidating the cause of the disease [3-5].
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Community-acquired pneumonia (CAP), a common and deadly
condition, is increasingly prevalent and remains a significant health
problem. Most patients can be cured after antimicrobial treatment,
but some individuals may develop acute lung injury and even die from
septic shock after rapid disease progression [1]. In America, 77% of
CAP hospitalized patients improved, 20% showed no improvement,
and 3% were worsened. Mortality at 30 days was 6% for those who
improved, 34% for those who failed, and 34% for those with non-
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Although common pathogens responsible for CAP are mostly treatable,
the emergence of multidrug-resistant (MDR) bacterial pathogens are
causing public health concerns considering the transmission to humans
either by food chain or direct contacting with infected animals, which
may increase the risks of complicated lung infections [7-8]. In addition,
accumulative reports have shown that genetic factors have a certain
influence on the susceptibility to infection with variable pathogens.
It has been found that gene polymorphisms of tumor necrosis factor
receptor (TNFR), interleukin-1 (IL-1), interferon regulatory factor-5
(IRF-5), and other key molecules in the inflammatory response
pathway may be related to the susceptibility, severity, and prognosis of
CAP [9-14].

Pentraxin-3 (PTX3), a member of the family of long pentraxins,
is an acute phase reactive protein. As a key player in innate immunity
and inflammation, PTX3 is critical to host defense against microbial
infections including bacteria, fungi, and viruses [15]. Differing from
short-chain pentameric factors mainly derived from the liver such as
C-reactive protein (CRP), PTX3 is a marker for systemic inflammation
which is produced rapidly by various cells under inflammatory or
stress conditions [16]. Serum PTX3 is present at low levels in health
status, and significantly increases in patients who suffer from infectious
diseases or tissue injury. Some studies suggested that compared with
other biomarkers such as CRP, the concentration of PTX3 in serum can
deliver better reflection of the inflammatory status, early assessment
of disease severity, and prediction of prognosis [17,18]. Except for
behaving as a functional ancestor of antibodies in immunity and
inflammation, PTX3 has been found to act in carcinogenesis. PTX3
deficiency is associated with increasing risk to selected mesenchymal
and epithelial tumors [19], such as colorectal cancer [20]. On the
other hand, elevated PTX3 expression and levels appear to be related
to cancer-related inflammation driving carcinogenesis as evidence in
soft tissue sarcomas [21], myeloproliferative neoplasms [22] and lung
cancer [23]. In addition, PTX3 deficiency and its genetic variants have
been found associated with a defect in female fertility [24].

The human PTX3 gene, localized on human chromosome 3 band
q25, is organized in three exons separated by two introns in a highly
conserved way in evolution [15]. Single nucleotide polymorphisms
(SNPs) in human PTX3 gene have been detected [25]. Most SNPs are
mainly set in the non-coding regions (introns) of PTX3 gene, while
there is one exonic SNP that results in an amino acid variation in
position 48 (rs3816527) [25]. This exonic SNP combined with the other
two SNPs of PTX3 (rs2305619 in intron 1 and rs1840680 in intron 2)
have been demonstrated with functional significance, usually forming
an haplotypic block and being related to the serum PTX3 expression
[29]. Previous studies found that the above PTX3 gene polymorphisms,
i.e. 13816527, rs2305619 and rs1840680, are associated with several
infectious diseases, such as pulmonary tuberculosis in West Africans,
Pseudomonas aeruginosa in patients with pulmonary cystic fibrosis, and
invasive aspergillosis in patients with chronic obstructive pulmonary
disease (COPD) or after hematopoietic stem cell transplantation [26-
29].

As mentioned previously, most studies focusing on the association
between PTX3 genetic variation and the risks of infectious diseases
enrolled classical or relative immunocompromised patients as
objects. However, the association between PTX3 genetic variation
and the susceptibility to community-acquired pneumonia in general
population is still unclear. Therefore, we performed the present study to
assess the association between three selected PTX3 SNPs (rs2305619,
rs3816527, and rs1840680) and the risk of CAP occurrence in a Chinese
Han population.

Methodology
Ethical approval

We conducted a retrospective case-control study in the Department
of Pulmonary and Critical Care Medicine of Sun Yat-sen Memorial
Hospital, Sun Yat-sen University. This study protocol was approved by
the Ethics Committee of Sun Yat-sen Memorial Hospital (SYSEC-KY-
KS-2020-005). All procedures performed in this study involving human
participants were in accordance with the Declaration of Helsinki (as
revised in 2013). Written informed consent was obtained from each
individual that participated in this study or their authorized relatives.

Sampling and data collection

We obtained the electronic medical records of all the inpatients
in the Department of Pulmonary and Critical Care Medicine of Sun
Yat-sen Memorial Hospital from January 2018 to December 2019. A
total of 178 participants were enrolled in the present study. Among
them, 88 cases were diagnosed with community-acquired pneumonia
according to the Chinese Thoracic Society (CTS) guideline [30] by two
senior respiratory physicians (Huan and Tang) and defined as the CAP
group, while the remaining 90 cases were gender-matched controls
without infectious diseases and defined as the control group. Exclusion
criteria for both the CAP and control groups were as follows: (1) Age
less than 18 years; (2) Evidence that strongly indicates the presence
of active tuberculosis or pulmonary fungal diseases; (3) A history
of malignancies while undergoing chemotherapy; (4) Documented
medication of long-term corticosteroids or immunosuppressive agents
and (5) A history of acquired immune deficiency syndrome, solid organ
transplantation (SOT) or hematopoietic stem-cell transplantation
(HSCT). The clinical and laboratory data were collected, and all data
forms were independently reviewed by two pairs of researchers (Xiao
and Bu; Zeng and Huang).

Molecular detection of Single Nucleotide Polymorphisms
(SNP)

Based on the previously mentioned studies [26-29], three single
nucleotide polymorphisms (SNPs; rs2305619, rs3816527, and
rs1840680) of PTX3 were chosen. The genotypes are presented in Table
1.

CAP (n=88) Controls (n=90) | p-value
Sex 0.37
Male 41 (46.6) 48 (53.3)
Female 47 (53.4) 42 (46.7)
Age, years 58.6 +12.9 56.9£12.7 0.39
Comorbidities
Diabetes 12 (13.6) 10 (11.1) 0.65
Hypertension 18 (20.5) 17 (18.9) 0.85
Chronic heart 7(8.0) 12 (13.3) 0.33
disease
NOTE: Values are presented as mean + SD, median (range) or n (%). Ap
value<0.05 indicated a statistically significant difference.
Abbreviation: CAP: Community-Acquired Pneumonia

Table 1: Baseline characteristics of CAP patients and controls.

For molecular detection, genomic DNA was extracted from patients’
peripheral blood by a DNA extraction kit (Shanghai Generay Biotech,
China). Then the process of real-time polymerase chain reaction (PCR)
was conducted in triplicate via TaKaRa Premix Ex Taq IT Kit (TaKaRa
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Bio INC). The primers and minor groove binder (MGB) probes (Sango
Biotech, Shanghai, China) were designed in Beacon Designer software
based on the SNP sequences in the National Center for Biotechnology
Information (NCBI) SNP database. The primers in the current study
are shown in Table 2.

CAP Controls OR p HWE in HWE in
SNP Genotype
(n=88) | (n=90) |(95% CI) |value CAP |Controls
AA 12 (13.6) 18 (20.0) ?'22)(0'25' 024 0.4 0.11
s2305619  \g 36 (40.9) 36 (40.0) ?'32)(0'47' 0.75
GG 40 (45.5) 36 (40.0) Reference -
AA 54 (61.4) 53 (58.9) é_gg)(o_zg- 07 057 069
rs3816527  5c 31(35.2) 33 (36.7) 1-22(0-26- () 74
6.05)
CcC 3(3.4) 4(4.4) Reference -
AA 6(6.8) 16(17.8) 88?)(0'”‘ 0.03* 047 022
rs1840680 g 39 (44.3) 137 (41.1) ?'%)(0'48' 0.76
GG 43 (48.9) |37 (41.1) Reference |-
NOTE: Values are presented as n (%). *, A p value<0.05 indicated a statistically
significant difference.
Abbreviations: SNP: Single Nucleotide Polymorphism; CAP: Community-
Acquired Pneumonia; OR: Odds Ratio; Cl: Confidence Interval; HWE: Hardy-
Weinberg Equilibrium

Table 2: Distribution of rs2305619, rs38716527 and rs1840680 SNP genotypes in
CAP patients and controls.

According to the fluorescent color of probes melting, curve analysis
was used to define the genotyping of SNP and was further analyzed by
CFX Manager Software 1.6 software (Bio-Rad).

Statistical analysis

Statistical analysis was performed using SPSS20.0. Categorical
variables were compared by the chi-squared test or Fisher’s exact
test when appropriate. Continuous variables were tested for normal
distribution using the Kolmogorov-Smirnov test. Differences between
two groups were assessed by Student’s t-test for parametric data and
by the Mann Whitney U test for non-parametric data. Comparisons
between values of more than two groups were evaluated by one-way
analysis of variance (ANOVA) or the Kruskal-Wallis test. Correlation
between genotype frequencies and CAP risk was assessed by logistic
regression, expressed as an adjusted odds ratio (OR) with a 95%
confidence interval (CI). The linkage disequilibrium among selected
SNPs was estimated by calculating pairwise D" and r2 statistics using
Haplo view. Haplotype analysis was also performed using this software.
A difference was considered statistically significant when a p value<0.05.

Results

Patient characteristics

A total of 178 cases were enrolled in the current study. All
individuals in both CAP and control groups were from the south part of
China mainland and were Han ethic group. The baseline characteristics
of the study population are presented in Table 1. The mean ages of the
CAP and control group were 58.6( + 12.9) and 56.9( + 12.7) years,
respectively. There was no significant difference between the two
groups in terms of the incidences of common comorbidities, including
diabetes, hypertension and chronic heart diseases (p>0.05).

Associations between PTX3 SNPs and risk of CAP

The selected SNPs (rs2305619, rs38716527, and rs1840680) in this
study were in Hardy-Weinberg equilibrium as shown in Table 2. When
comparing the distribution of the SNP genotypes between the CAP and
control groups, a significant difference in rs1840680 AA homozygosity
frequency was identified (p=0.03), indicating that rs1840680 AA
homozygosity might be associated with a lower risk of CAP (OR=0.32,
95% CI=0.11-0.91, p<0.05) (Table 2). We did not observe any genotypic
distribution differences for either the remaining rs1840680 genotypes
(AG and GG) or the other two SNPs (rs2305619 and rs3816527)
between the CAP and control groups (Table 2).

We performed a further analysis to identify the association between
PTX3 SNP alleles and risk of CAP. However, no differences in allele
frequency for all three SNPs were observed between the CAP and
control groups (p>0.05) (Table 3).

_ Controls OR (95% g
SNP Allele CAP (n=88) (n=90) c p-value
1.29 (0.84-
A 60 (34.1 72 (40 0.25
rs2305619 (34) (40) 1.98)
G 116 (65.9) 108 (60.0) Reference -
0.90 (0.55-
A 139 (79.0 139 (77.2 0.69
rs3816527 ( ) ( ) 1.49)
C 37 (21.0) 41 (22.8) Reference |-
1.50 (0.98-
A 51(29.0 69 (38.3 0.06
rs1840680 ( ) ( ) 2.37)
G 125(71.0) 111 (61.7) | Reference |-
NOTE: Values are presented as n (%). A p value<0.05 indicated a statistically
significant difference.
Abbreviations: SNP: Single Nucleotide Polymorphism; CAP: Community-
Acquired Pneumonia; OR: Odds Ratio; Cl: Confidence Interval

Table 3: Distribution of rs2305619,rs38716527 and rs1840680 SNP allele in CAP
patients and controls.

Linkage disequilibrium and Haplotype analysis of PTX3
SNPs

The Linkage Disequilibrium (LD) between each pair of the three
SNPs was analyzed using Haploview software. Our results showed that
rs2305619 was in linkage disequilibrium with rs3816527 (D’=0.85)
and rs1840680 (D’=0.91; Figure 1A), respectively. Similarly, there was
a strong linkage disequilibrium between rs3816527 and rs1840680
(D’=0.93; Figure 1A). A further analysis based on r2 revealed that
rs2305619 and rs2305619 were in a stronger linkage disequilibrium
compared to the other pairs of SNPs (r2=0.72; Figure 1B).

r N\

(A) (B)

In figure A and B represents as 1- rs2305619, 2- rs3816527, 3- rs1840680.

Figure 1: Linkage disequilibrium analyses for SNP genotype in the PTX3 gene region. (A) Shades
of red indicate the strength of pairwise linkage disequilibrium based on |D’|, and numbers represent
|D’| expressed as a percentage. A value of D’ between SNPs>0.8 indicate a linkage disequilibrium
block. (B) Shades of pink indicate the strength of pairwise linkage disequilibrium based on r2 and
numbers represent r2 expressed as a percentage. A value of r2 between SNPs>0.8 indicate a
strong linkage disequilibrium block.
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In order to investigate whether paired linkage blocks between
the three SNPs were related to the risk of CAP, four haplotypes were
constructed as AAA, AAG, ACA, and GAG (Table 4). We compared
haplotype distributions between the CAP and control groups, while no
haplotype was found to be associated with the risk of CAP (p>0.05;
Table 4).

aploype  CAPIT Conrolgoup g
AAA 0.099 0.144 0.18
AAG 0.057 0.046 0.62
ACA 0.185 0.21 0.54
GAG 0.516 0.571 0.23

NOTE: Values are presented as Composition ratio. Those haplotypes whose
distribution was lower than 0.03 were not included in the analysis. A p value<0.05
indicated a statistically significant difference.

Abbreviations: CAP: Community-Acquired Pneumonia
Table 4: Distribution of rs2305619,rs38716527 and rs1840680 common
haplotypes in CAP patients and controls.

Discussion

In this study, we investigated whether the genetic variations
of PTX3, including genotype, allele, and haplotype frequency, is
associated with CAP occurrence in Chinese adult patients. With
respect to rs2305619, rs38716527, and rs1840680, we found that SNP
151840680 AA homozygosity was associated with CAP occurrence. The
AA variant of rsI840680 was related to a lower risk of developing CAP
(OR=0.32, 95% CI=0.11-0.91, p=0.03).

According to previous findings, PTX3 SNPs (rs2305619, rs3816527,
and rs1840680) were associated with various infectious diseases. PTX3
polymorphism is closely related to the occurrence of tuberculosis in
the West African population, and haplotype GAG is considered to be
a protective factor [26]. Another study focused on Caucasian patients
with cystic fibrosis which demonstrated that haplotype GAG was also
a protective factor for the development of P. aeruginosa colonization
in the lungs [27]. In addition, He et al. reported that rs1840680 AA
genotype is a possible risk factor for development of fungal pulmonary
infection in COPD patients [28]. Contrary to the findings of He et al,,
we found that patients with the AA genotype of rsl840680 had a lower
risk of developing CAP. As bacteria were the most common causative
pathogens in CARP, it is safe to assume that the same genotype might
play a different role during infection with fungi and bacteria.

Our findings suggest that the rs1840680 AA genotype may be a
possible protective factor against the development of CAP in adults.
The mechanism of PTX3 genes driven by infections in the process may
involve protein expression, but the relationship between PTX3 SNPs
and protein levels remains controversial. We assume that the rs1840680
AA genotype up-regulates the expression of PTX3 when patients suffer
from pulmonary bacterial infection. Some studies have found that the
rs1840680 AA genotype was associated with increased protein levels
in patients with primary liver cancer and acute myocardial infarction
[31,32]. In patients with idiopathic pulmonary dysfunction after lung
transplantation, PTX3 plasma levels were also increased while carrying
the rs2305619 AA genotype [33]. However, in COPD patients with
invasive pulmonary aspergillosis, compared to AG and GG genotypes,
the rs1840680 AA genotype decreased the protein expression levels
[28]. These paradoxical findings may lead to pitfalls in interpretation.
Thus, further investigation in different populations is needed to confirm
the role of this SNP variation.

As previously mentioned, PTX3 directly interacts with various

microbes and acts as an opsonin in innate immune response to
invaded pathogens [34]. Previous studies on the relationship between
PTX3 and pulmonary bacterial infections have mainly concentrated
on Pseudomonas aeruginosa and Streptococcus pneumoniae. P.
aeruginosa is one of the most common colonizers of the lungs.
PTX3 has potential therapeutic effects on chronic lung infections
caused by Paeruginosa [35]. According to a previous study in a
mouse model infected with Paeruginosa, PTX3 recognized Fcy
receptors (particularly FcyIIl receptor) and modulate complement
pathways, significantly decreasing serum levels of pro-inflammatory
cytokines (CXCL1, CXCL2, CCL2, and IL-1f) and reducing leukocyte
recruitment of airway leukocytes [36]. GroEL in P.aeruginosa could
induce PTX3 expression via NF-kB activation following signaling
to Toll-like receptor 4 (TLR4), and GroEL-induced PTX3 promoted
macrophage binding and phagocytosis of bacteria [37]. S.pneumoniae
is the most frequent etiologic agent of community-acquired pneumonia
in adults. Research findings demonstrated that S. pneumoniae infection
could up-regulate the expression of PTX3 in vitro and experimental
models. Hemolysin secreted by S. pneumoniae was involved in PTX3
expression and up-regulation through the JNK-MAPK signaling
pathway [38]. Interestingly, there was also a link between innate and
adaptive immunity observed in S. pneumoniae infection via PTX3.
Secreting by a special sub-set of neutrophils surrounding the splenic
marginal zone (MZ), PTX3 was shown to bind both MZ B cells and
immature B cells, activating FcyR-independent signal pathway and
enhancing antibody regulation from IgM to IgG [39]. In short, PTX3
may serve as a protective adjuvant in innate and adaptive immunity in
the context of infectious diseases.

In terms of translational application, several issues require deeper
investigations. As our findings showed, the selected SNPs of PTX3
gene formed in a way of paired linkage blocks, while rs1840680 locates
in intron 2 which belongs to non-coding region according to the
published literature [15]. How this SNP in a “silence” region influences
PTX3 expression in blood circulation and local tissue in the context of
bacterial infectious diseases needs to be further investigated. Another
question is how to improve the detection capacity of PTX3 SNPs. A
biomarker of practical value is characterized by universal accessibility
and repeatability. In the current study, we detected the SNPs by
quantitative PCR, which is widely applicated in gene filed. Developing
a reagent test kit specifically for SNPs in PTX3 gene should help
validation in a larger population. Furthermore, if the potential effect
of a certain PTX3 SNP for infectious diseases was further validated
in general population, it will be concerned about the possibility to
build a diagnostic system which can assist clinical practitioners to
predict variety of responsible pathogens. This will be of great practical
meaning considering the context of wide-spread MDR pathogens in the
environment and community as previously mentioned and the urgent
need for reasonable application and management of antibiotics.

We are aware of several limitations in our current study. Firstly, our
study population reflected mild to moderate patients but not including
severe pneumonia. Secondly, our study was conducted in a general
ward at a single medical center. Therefore, the sample size was relatively
small and selection bias may have occurred. Moreover, etiological
investigations were mostly negative in CAP patients from this study, so
according to clinical manifestations and laboratory tests, we could only
choose patients who were most likely to have a bacterial infection while
excluding definite fungal diseases and active tuberculosis.

Conclusion

In summary, our results indicated that PTX3 single nucleoid
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polymorphisms are associated with the risk of CAP in Chinese adult
patients. Individuals with SNP rsl840680 AA homozygotes may have a
lower risk of developing CAP. Although further research is required to
clarify the specific mechanisms, we could now have a chance to develop
an early diagnostic system to verify subsets of populations with AA
homozygotes to predict the risk of CAP development. Early clinical
intervention could ensure rapid identification and precise therapeutic
strategy of CAP and possibly towards other pneumonia-related diseases
in the near future.
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