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6 Department of Immunology, Fukushima Medical University School of Medicine, 1 Hikariga-oka,

Fukushima City 960-1295, Japan
7 Department of Applied Biochemistry, Tokai University, 4-1-1 Kitakaname,

Hiratsuka 259-129, Kanagawa, Japan
* Correspondence: mcedzynski@cbm.pan.pl
† These authors contributed equally to this work and share the first authorship.

Abstract: Single nucleotide polymorphisms (SNPs) localised to the promoter region of the FCN2
gene are known to influence the concentration of ficolin-2 in human serum and therefore potentially
have clinical associations. We investigated the relationships between SNPs at positions −986 (A > G),
−602 (G > A),−64 (A > C) and−4 (A > G) and clinical complications in 501 preterms. Major alleles at
positions −986 and −64 and A/A homozygosity for both polymorphisms were less frequent among
babies with very low birthweight (VLBW, ≤1500 g) compared with the reference group (OR = 0.24,
p = 0.0029; and OR = 0.49, p = 0.024, respectively for A/A genotypes). A lower frequency of G/G
homozygosity at position −4 was associated with gestational age <33 weeks and VLBW (OR = 0.38,
p = 0.047; and OR = 0.07, p = 0.0034, respectively). The AGAG haplotype was protective for VLBW
(OR = 0.6, p = 0.0369), whilst the GGCA haplotype had the opposite effect (OR = 2.95, p = 0.0249).
The latter association was independent of gestational age. The AGAG/GGAA diplotype favoured
both shorter gestational age and VLBW (OR = 1.82, p = 0.0234 and OR = 1.95, p = 0.0434, respectively).
In contrast, AGAG homozygosity was protective for lower body mass (OR = 0.09, p = 0.0155). Our
data demonstrate that some FCN2 variants associated with relatively low ficolin-2 increase the risk of
VLBW and suggest that ficolin-2 is an important factor for fetal development/intrauterine growth.

Keywords: ficolin-2; FCN2; newborn; neonate; prematurity; single nucleotide polymorphism; very
low birthweight

1. Introduction

The single nucleotide polymorphisms (SNPs) localised to the promoter region of the
FCN2 gene are known to influence the concentration of ficolin-2 (or L-ficolin) in human
serum and therefore are considered to have clinical associations. Possession of variant
alleles at positions −986 (rs3124952, A > G) and −64 (rs7865453, A > C) is related to lower
ficolin-2 levels, while minor alleles at positions−602 (rs3124953, G > A) and−4 (rs17514136,
A > G) have the opposite effect [1–3]. The above-mentioned SNPs were shown to form
2 haplotype blocks: one created by rs3124952 and rs3124953, and another, by rs7865453 and
rs17514136 [4].
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Like other ficolins (ficolin-1, ficolin-3) and some collectins [mannose-binding lectin
(MBL), collectin-10 (CL-10), collectin-11 (CL-11)], ficolin-2 recognises pathogen-associated
molecular patterns (PAMP) exposed on a variety of microorganisms or viruses that enable
opsonisation and, by forming complexes with MBL-associated serine proteases (MASP),
activation of the complement cascade via the lectin pathway (reviewed in [5–7]).

In 2021, in Poland, 24,523 (7.4%) babies were born prematurely, including 1369 de-
livered before completing 28 weeks of gestation, 2376 at gestational age 28–31 weeks and
20,778 aged 32–36 weeks [8]. Preterm newborns, especially those born at gestational age
< 33 weeks and with very low birthweight (≤1500 g), are prone to severe adverse effects,
including respiratory distress syndrome (RDS) and perinatal infections, due to immaturity
of organs, immune system and other congenital defects. Disorders related to short gestation
and low birthweight are the most common causes of neonatal death [9]. Furthermore, very
low birthweight (≤1500 g) is considered to continue to influence health during childhood,
adolescence and adulthood. It was reported to be associated, for example, with higher risk
of coronary heart disease, chronic kidney disease, type 2 diabetes, stroke and hypertension
(reviewed in [10]); gout development [11]; brain abnormalities [12]; stunting in preschool
children [13] and low bone mineral density [14].

Our previous data suggested that low ficolin-2 concentration (determined in cord
serum) is associated with prematurity, low birthweight and perinatal infections [15]. Re-
cently, we reported for the first time a relationship between SNPs of the FCN2 gene 3′-
untranslated region (3′UTR) and very low (≤1500 g) birthweight as well as early onset of
infection and pneumonia in preterm newborns [4]. Furthermore, two of the 3′UTR poly-
morphisms (rs4521835 and rs73664188) influenced ficolin-2 concentration in cord sera [4].
Here, we report associations of the aforementioned promoter region polymorphism with
short gestational age and very low birthweight in the same cohort.

2. Results

The frequencies of genotypes corresponding to SNPs at positions −986 (rs3124952),
−602 (rs3124953), −64 (rs7865453) and −4 (rs17514136) of the FCN2 gene as well as minor
allele frequencies (MAF) in preterm neonates are listed in Table 1. Each SNP adhered to
Hardy–Weinberg expectations (p > 0.01, details are given in Supplementary Table S1). As
mentioned, they created two haplotype blocks (rs3124952 and rs3124953; rs7865453 and
rs17514136) (Supplementary Figure S1). None appeared associated with incidence of RDS,
early- or late-onset perinatal infections, sepsis or pneumonia (Supplementary Table S2).
However, major (A) alleles at positions −986 and −64 as well as A/A homozygosity for
both polymorphisms were significantly less frequent among babies born with very low
birthweight (VLBW) (≤1500 g) when compared with the corresponding reference group.
Those relationships remained significant after multiple logistic regression analysis (Table 2).
Moreover, lower frequency of G/G (minor allele) homozygosity at position −4 was found
to be associated not only with low body mass but also with shorter gestation (Table 2).
Those associations were however not confirmed by multiple logistic regression (p > 0.05).
It should be stressed that minor variants at both −986 and −64 positions are associated
with lower ficolin-2 concentration in serum compared to A alleles while the G variant at
−4 is associated with a higher FCN2 gene expression level. VLBW was not significantly
related to the sex of newborns, although a trend towards its higher incidence in girls was
observed (13.5% vs. 8.7%, p = 0.087). The numbers of females and males born at gestational
age <33 weeks did not differ significantly (23.3% vs. 18.9%, p = 0.22).
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Table 1. Distribution of genotypes associated with FCN2 gene promoter polymorphisms in preterm
newborns (n = 501).

Polymorphism Genotype N % MAF

rs3124952
−986 A > G

A/A 165 32.9
0.386A/G 265 52.9

G/G 61 12.2

rs3124953
−602 G > A

G/G 314 62.7
0.204G/A 170 33.9

A/A 17 3.4

rs7865453
−64 A > C

A/A 390 77.8
0.115A/C 107 21.4

C/C 4 0.8

rs17514136
−4 A > G

A/A 204 40.7
0.347A/G 243 48.5

G/G 51 10.2

Table 2. Distribution of genotypes associated with FCN2 gene promoter polymorphisms in preterm
newborns, depending on gestational age and birthweight.

Polymorphism Genotype

Gestational Age (Weeks) Birthweight (g)

<33 ≥33 ≤1500 >1500

N (%) N (%) N (%) N (%)

rs3124952
−986 A > G

A/A 32 (30.5) 143 (36.1) 7 (12.7) 2 168 (37.9)
A/G 61 (58.1) 204 (51.5) 39 (70.9) 223 (50.3)
G/G 12 (11.4) 49 (12.4) 9 (16.4) 52 (11.7)

rs3124953
−602 G > A

G/G 69 (65.7) 245 (61.9) 35 (63.6) 276 (62.3)
G/A 32 (30.5) 138 (34.8) 20 (36.4) 150 (33.9)
A/A 4 (5.8) 13 (3.3) 0 (0) 17 (3.8)

rs7865453
−64 A > C

A/A 83 (79) 307 (77.5) 36 (65.5) 3 352 (79.5)
A/C 22 (21) 85 (21.5) 18 (32.7) 88 (19.9)
C/C 0 (0) 4 (1) 1 (1.8) 3 (0.7)

rs17514136
−4 A > G

A/A 38 (36.2) 166 (41.9) 26 (47.3) 177 (40)
A/G 62 (59) 184 (46.5) 29 (52.7) 215 (48.5)
G/G 5 (4.8) 1 46 (11.6) 0 (0) 4 51 (11.5)

1—OR = 0.38, 95% CI (0.15—0.98), p = 0.0447. 2—OR = 0.24. 95% CI (0.11—0.54), p = 0.0029; OR = 0.25, 95% CI
(0.11–0.61), p = 0.002, after multiple logistic regression; A allele frequency: 0.482 vs. 0.631; OR = 0.54. 95% CI
(0.37—0.81), p = 0.0035. 3—OR = 0.49. 95% CI (0.27—0.89), p = 0.0244; OR = 0.33, 95% CI (0.15–0.71), p = 0.005,
after multiple logistic regression; A allele frequency: 0.818 vs. 0.894; OR = 0.53, 95% CI (0.31—0.91), p = 0.0254.
4—OR = 0.07, 95% CI (0.004—1.13), p = 0.0034.

Eleven promoter haplotypes were identified with the help of Haploview software,
including three with MAF > 0.1 and two with a marginally lower value (Table 3). Their
frequencies, depending on gestational age and body mass at birth, are shown in Table 4. The
most common haplotype (AGAG) may be considered protective from very low birthweight,
whilst the fifth most frequent (GGCA) seemed to have the opposite effect, confirmed by
multiple logistic regression analysis as well (Table 4). That effect appeared independent of
gestational age: the frequency of the GGCA variant was significantly higher among babies
with very low birthweight compared with the corresponding reference group, born at <33
[0.146 vs. 0.048, OR = 3.43, 95% CI (1.23–9.54), p = 0.021] as well as ≥33 weeks [0.214 vs.
0.096, OR = 2.57, 95% CI (1.01–6.53), p = 0.04], respectively. Again, no association of any
haplotype with RDS, infections, sepsis, pneumonia (Supplementary Table S3) or shorter
gestational age was noted (Table 4).
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Table 3. Frequencies of haplotypes identified in preterm newborns (n = 501).

Haplotype N Frequency

AGAG 307 0.306
GGAA 244 0.244
AAAA 192 0.192
AGAA 99 0.099
GGCA 98 0.098
GGAG 41 0.041
AGCA 6 0.006
AACA 5 0.005
GACA 4 0.004
GAAA 4 0.004
AGCG 2 0.002

Table 4. Frequencies of the most common haplotypes in preterm newborns, depending on gestational
age and birthweight.

Haplotype

Gestational Age (Weeks) Birthweight (g)

<33 ≥33 ≤1500 >1500

N Frequency 1 N Frequency 1 N Frequency 1 N Frequency 1

AGAG 65 0.31 242 0.306 24 2 0.218 281 0.317
GGAA 57 0.271 187 0.236 35 0.318 207 0.234
AAAA 38 0.181 154 0.194 18 0.164 174 0.196
AGAA 20 0.095 79 0.1 7 0.064 91 0.103
GGCA 19 0.09 79 0.1 18 3 0.164 79 0.089

1—haplotype frequency among newborns born at GA <33/≥33 weeks; with birthweight ≤1500/>1500 g, respec-
tively. 2—OR = 0.6, 95% CI (0.37—0.97), p = 0.0369; OR = 0.5, 95% CI (0.25–0.99), p = 0.047, after multiple logistic
regression. 3—OR = 2.95, 95% CI (1.15—3.48), p = 0.0249; OR = 3.53, 95% CI (1.57–7.97), p = 0.002, after multiple
logistic regression.

Further analysis using PHASE software revealed thirty diplotypes, although the
frequency of half of them was less than 1% (Table 5). Interestingly, the most common
one, AGAG/GGAA, was associated with adverse events (shorter gestational age and
very low birthweight) (Table 6). However, after multiple logistic regression analysis, that
relationship lost statistical significance (p > 0.05). Furthermore, diplotypes possessing the
GGCA haplotype (5, 6, 11, 14, 20, 24, 30, see Table 5) were significantly more frequent among
neonates with birthweight ≤1500 g [17/55 (30.9%)] compared with the corresponding
reference group [76/443 (17.2%)] [OR = 2.16, p = 0.0175, 95% CI (1.16–4.03)]. In contrast,
AGAG homozygosity was found to be protective from lower body mass (Table 6), although
that association lost significance in multiple logistic regression analysis (p > 0.05). There
was also a trend for more babies with AGAG homozygosity to be born after 33 weeks of
gestation (Table 6). None of the ten most common diplotypes was associated with RDS,
infections, sepsis or pneumonia (Supplemetary Table S4).

We investigated the relationship of the ten most common diplotypes with ficolin-2
concentration in cord serum. The Kruskal–Wallis ANOVA revealed significant differences
among genotypes (Supplementary Figure S2). Diplotype 2 (AGAG/AAAA, 2748 ng/mL)
had a higher median than the others, although the difference between it and diplotype 3
did not quite reach statistical significance (p = 0.067). Diplotype 5 (AGAG/GGCA) had
the lowest median at 1415 ng/mL (Supplementary Figure S2). However, we found no
clinical associations with either diplotype 2 or 5 (at least when analysed individually)
(Table 6). It is worth noting that, in general, diplotypes including the GGCA haplotype
were associated with relatively low serum ficolin-2. Nevertheless, wide ranges were found
for most diplotypes (Table 5; Supplementary Figure S2).
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Table 5. Frequencies of diplotypes identified in preterm newborns (n = 501).

Diplotype N %
Ficolin-2 Concentration (ng/mL)

Median Range (n)

1 AGAG/GGAA 94 18.8 1761 237–5068 (80)
2 AGAG/AAAA 60 12 2748 481–5235 (56)
3 AAAA/GGAA 46 9.2 2327 803–5166 (39)
4 AGAG/AGAG 41 8.2 1950 632–5299 (38)
5 AGAG/GGCA 33 6.6 1415 430–4081 (30)
6 AAAA/GGCA 29 5.8 1900 504–5644 (27)
7 GGAA/GGAA 28 5.6 1743 153–4772 (27)
8 AGAA/GGAA 27 5.4 2192 372–5408 (25)
9 AGAA/AGAG 24 4.8 1785 479–4426 (22)

10 AAAA/GGAG 21 4.2 2159 407–4199 (19)
11 GGAA/GGCA 17 3.4 1098 242–2157 (16)
12 AGAA/AGAA 16 3.2 2165 853–5481 (16)
13 AAAA/AAAA 15 3 2323 690–4038 (15)
14 AGAA/GGCA 8 1.6 1479 480–3063 (8)
15 GGAG/GGAG 6 1.2 2134 706–4165 (5)
16 AGAA/AAAA 4 0.8 3240 1455–4954 (4)
17 AGAA/AGCA 4 0.8 2562 1737–2733 (3)
18 AGAG/AACA 4 0.8 2495 1698–2919 (4)
19 AGAG/GACA 4 0.8 1105 652–1563 (4)
20 GGCA/GGCA 4 0.8 681 331–947 (3)
21 AGAG/GGAG 3 0.6 2120 1387–4756 (3)
22 GGAA/GGAG 3 0.6 1745 312–2195 (3)
23 AGAG/AGCG 2 0.4 2002 520–3483 (2)
24 GGAG/GGCA 2 0.4 907 387–1426 (2)
25 AAAA/AACA 1 0.2 2210 2210 (1)
26 AGAG/AGCA 1 0.2 2221 2221 (1)
27 AGCA/AAAA 1 0.2 239 239 (1)
28 GAAA/GAAA 1 0.2 3531 3531 (1)
29 GGAA/GAAA 1 0.2 2194 2194 (1)
30 GGCA/GAAA 1 0.2 937 937 (1)

Table 6. Frequencies of the most common diplotypes in preterm newborns, depending on gestational
age and birthweight.

Diplotype

Gestational Age (Weeks) Birthweight (g)

<33 ≥33 ≤1500 >1500

N % 1 N % 1 N % 1 N % 1

1 AGAG/GGAA 28 2 26.7 66 16.7 16 3 29.1 77 17.4
2 AGAG/AAAA 11 10.5 49 12.4 3 5.5 57 12.9
3 AAAA/GGAA 9 8.6 37 9.3 7 12.7 39 8.8
4 AGAG/AGAG 5 4.8 36 9.1 0 0 4 41 9.3
5 AGAG/GGCA 6 5.7 27 6.8 3 5.5 30 6.8
6 AAAA/GGCA 5 4.8 24 6.1 5 9.1 24 5.4
7 AGAA/GGAA 7 6.7 20 5.1 2 3.6 25 5.6
8 GGAA/GGAA 4 3.8 24 6.1 3 5.5 25 5.6
9 AGAA/AGAG 9 8.6 15 3.8 1 1.8 22 5

10 AAAA/GGAG 4 3.8 17 4.3 2 3.6 19 4.3
1—percentages of diplotype 1–10 carriers among newborns born at GA <33/≥33 weeks; with birthweight
≤1500/>1500 g, respectively. 2—OR = 1.82, 95% CI (1.1—3.02), p = 0.0243. 3—OR = 1.95, 95% CI (1.04—3.67),
p = 0.0434. 4—OR = 0.087, 95% CI (0.005—1.44), p = 0.0155.

3. Discussion

Genome-wide association studies (GWAS) have enabled identification of a vari-
ety of loci/SNPs associated with gestational age and birthweight. The majority of re-
ports concerns maternal genome analysis while data from newborns are relatively scarce.
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Tiensuu et al. [16] found an association of rs116461311 polymorphism (SLIT2 gene, en-
coding slit guidance ligand 2) with spontaneous preterm birth. Furthermore, they ob-
served higher expression of the SLIT2 protein and its receptor ROBO1 in placentas from
preterm deliveries compared with those from term births. The SLIT2-ROBO1 signaling
pathway is involved, among others, in regulation of expression of genes associated with
inflammation [16]. Rappoport et al. [17], based on the analysis of >2 million SNPs in five
populations, reported only two loci to be significantly related to prematurity: rs17591250
and rs1979081 in African and American populations, respectively. Later, Huusko et al. [18],
based on GWAS and other methods, identified genes encoding heat shock proteins and nu-
clear receptors (SEC63, HSPA1L, SACS, RORA, and AR) to be associated with spontaneous
preterm birth. Using another approach, whole exome sequencing (WES), Modi et al. [19]
proposed candidate genes in which mutations were found to be risk factors for preterm
premature rupture of membranes (pPROM), one of the major causes of prematurity. Those
genes (CARD6, CARD8, DEFB1, FUT2, MBL2, NLP10, NLRP12 and NOD2) are involved
in host defence. Interestingly, data concerning association of the MBL2 gene [encoding
mannose-binding lectin (MBL), structurally and functionally related to ficolins] polymor-
phisms with preterm birth are contradictory. Several reports suggested MBL deficiency to be
a risk factor [20–22]. In contrast, Swierzko et al. [15] found high MBL concentration/activity-
conferring genotypes to be associated with prematurity.

A GWAS analysis concerning birthweight performed by Luo et al. [23] identified a
variety of loci in both maternal and fetal genomes potentially affecting this parameter
in four populations (Afro-Caribbean, European, Hispanic and Thai). Extensive meta-
analyses [24,25], identified a variety of loci where fetal genotype was associated with
birthweight and found their associations with height, body-mass index and some metabolic
diseases in adulthood.

The role of ficolin-2 in neonatal health and disease has not been studied extensively.
Kilpatrick et al. [26] first reported lower concentrations in cord sera compared with sera
from adult donors. Furthermore, ficolin-2 levels correlated positively with both gestational
age and birthweight. Later, Swierzko et al. [15] confirmed those findings with a large
(>1800) cohort of newborns. An association of low ficolin-2 with prematurity was further
reported by Schlapbach et al. [27], Sallenbach et al. [28] and Kilpatrick et al. [3]. However,
Briana et al. [29] observed no impact of ficolin-2 concentration on intrauterine growth
restriction in full-term newborns.

Ficolin-2 is known to recognise a variety of pathogens, including group B streptococci,
pneumococci and enteroaggregative E. coli, that can cause severe infections in newborns
and/or infants [30–33]. Cord serum concentrations of this protein <1 µg/mL were found
significantly more often among preterm babies with perinatal infections, compared with
gestational-age-matched controls [15]. Later, we reported markedly lower ficolin-2 levels
in neonates suffering from perinatal sepsis versus those without infections before hospital
discharge [34]. On the other hand, Schlapbach et al. [27] did not find such an association.

Much less data concerning the role of FCN2 gene polymorphisms, including those
affecting ficolin-2 concentration, in neonates has been published to date. Our previous
report [3] demonstrated that the genotype A/G-G/G-A/A-A/A-A/G-C/T-G/G (corre-
sponding to SNPs at positions −986, −602, −557, −64, −4, +6369 and +6424) was the
most common among Polish newborns. That genotype corresponds to the commonest
AGAG/GGAA diplotype described in this paper on the basis of analysis with PHASE
software (version 2.2.1.) (Table 5). Our current data from a large cohort of preterm babies
found it to be associated with a relatively high risk of short (<33 weeks) gestational age
and very low (≤1500 g) body mass at birth.

It should be stressed that AGAG/AGAG homozygosity seems protective from very
low birthweight (Table 6). It differs from the AGAG/GGAA in one haplotype only, by pos-
sessing a major allele (A) at rs3124952 (−986) and a minor one (G) at rs17514136 (−4), both
related to higher ficolin-2 concentration. The possible causal relationship between ficolin-2
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concentration and outcome is strengthened by the association of the GGCA haplotype
(generally associated with low serum ficolin-2) with very low birthweight (Table 4).

Furthermore, when each polymorphic site was analysed separately, homozygosity for
major alleles at −986 (rs3124952) and −64 (rs7865453) and minor allele at −4 (rs17514136),
associated with higher ficolin-2 levels, appears protective from very short gestational age
or very low birthweight (Table 2). Although no impact of the SNPs, haplo- or diplotypes
investigated here on such adverse effects of prematurity as perinatal infections, sepsis,
pneumonia or RDS was found (Supplementary Tables S2–S4), it does not exclude a possible
influence of low ficolin-2 on such complications. The FCN2 gene is highly polymorphic and
the concentration of its product depends on the interplay between SNPs localised to the
promoter, exon 8 and 3′UTR regions and, possibly, epigenetic mechanisms. Furthermore,
the ficolin-2 protein has several active sites and genetic changes can influence both concen-
tration and activity, making for a very complex situation. Individuals may possess genetic
variants that influence the ficolin-2 level in opposite directions [35]. Together with results
published previously by ourselves and others, the data presented here are consistent with
the view that ficolin-2 is an important factor for fetal development and neonatal immunity.
The most important message from the data presented here is that an association of the FCN2
gene promoter polymorphisms with very low birthweight may have potentially severe clin-
ical consequences not only in the neonatal period but also during later life. Supplementary
Figure S3 shows an interplay between four investigated SNPs, corresponding haplo- and
diplotypes, ficolin-2 concentrations and the aforementioned adverse effects of prematurity.

4. Materials and Methods
4.1. Cohort

The study group comprised 501 Polish preterm newborns born in the Department of
Newborns’ Infectious Diseases (University of Medical Sciences, Poznań, Poland), Depart-
ment of Neonatology (Medical University of Gdańsk, Gdańsk, Poland) and Department
of Perinatology (Medical University of Łódź, Łódź, Poland) [4]. Among them, 105 were
born at gestational age < 33 weeks (mean: 30.3 ± 1.9; range: 24–32) and 396 were born
between the 33rd and 37th week of gestation (mean: 35 ± 1.1). Fifty-five had very low
birthweight (≤1500 g, according to WHO International Classification of Diseases). A total
of 323 newborns came from singleton pregnancies, 172 from 97 twin pregnancies (in 22,
material from only one sibling was collected) and 6 from 2 triple pregnancies. Data con-
cerning the FCN2 gene 3′UTR polymorphisms, concentrations of ficolin-2 in cord sera and
their clinical associations were published recently [4]. However, 3 subjects were excluded
from current analyses due to incomplete results of promoter SNP analysis. As mentioned,
promoter SNPs analysed here were previously reported to form 2 haplotype blocks: one
created by rs3124952 and rs3124953, and another, by rs7865453 and rs17514136 [4]. The
study was approved by the corresponding local ethics committees: Bioethics Committee of
The Karol Marcinkowski Poznań University of Medical Sciences, Independent Bioethics
Committee for Scientific Research at The Medical University of Gdańsk, Bioethics Commit-
tee of The Medical University of Łódź. Written informed parental consent was obtained.
This work conforms to the provisions of the Declaration of Helsinki.

4.2. Blood Samples and DNA Isolation

Cord blood samples for genomic DNA isolation were taken consecutively into tubes
with sodium citrate and stored at −80 ◦C. DNA was isolated using GeneMATRIX Quick
Blood Purification Kit (EURx Ltd. Gdańsk, Poland), according to the manufacturer’s
protocol. Blood for serum isolation was placed in tubes containing clot activator. Samples
were kept at −80 ◦C.

4.3. Determination of the FCN2 Gene Polymorphisms

Promoter polymorphisms at positions −986 (rs3124952, A > G) and −602 (rs3124953,
G > A) were investigated by PCR-RFLP analysis, according to the procedures published by
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Metzger et al. [36]. SNPs at positions −64 (rs7865453, A > C) and −4 (rs17514136, A > G)
were determined using allele-specific PCR or PCR-RFLP, respectively, as described by
Szala et al. [37], with minor modifications.

4.4. Determination of Ficolin-2 Concentration in Cord Sera

Ficolin-2 concentrations in cord serum samples were determined in TRIFMA as de-
scribed by Świerzko et al. [38], using specific mAb (ABS 005-16, BioPorto Diagnostics, Den-
mark) for coating and another biotinylated mAb (GN4, Hycult Biotech, Uden, The Nether-
lands) and Eu3+-labelled streptavidin (Perkin Elmer, Waltham, MA, USA) for detection.

4.5. Statistical Analysis

Linkage disequilibrium (LD) and haplotype block analysis were performed by Haploview
4.2 software (http://www.broad.mit.edu/mpg/haploview/, accessed on 30 June 2022).
LD analysis was performed for each pair of polymorphisms using D’ and r2, indicating the
amount of LD between two genetic loci. Haplotype block identification was performed
based on the Four Gamete Rule. The PHASE software (http://stephenslab.uchicago.edu/
phase/download.html, accessed on 30 June 2022; version 2.1.1.) was used for diplotype
reconstruction from genotype data. The frequencies of genotypes were compared by Fis-
cher’s exact (two-tailed) test. Ficolin-2 concentrations were compared with Kruskal–Wallis
ANOVA and Mann–Whitney U tests. The Statistica (version 13.3, TIBCO Software) and
SigmaPlot (version 12, Systat Software) software packages were used for data management
and statistical calculations. Odds ratio was calculated using online MedCalc software
(https://www.medcalc.org, accessed on 30 June 2022). p values < 0.05 were considered
statistically significant.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/ijms232315336/s1. Table S1. Hardy–Weinberg expectation statis-
tics for investigated FCN2 gene promoter polymorphisms. SNPs were considered to adhere to
Hardy–Weinberg expectations when p > 0.01. Table S2. Distribution of genotypes associated with
FCN2 gene promoter polymorphisms in preterm newborns, depending on incidence of respiratory
distress syndrome, early-onset infection, pneumonia and sepsis. None of the associations analysed
was significant (p > 0.05). Table S3. Frequencies of the most common haplotypes in preterm new-
borns, depending on incidence of respiratory distress syndrome, early-onset infection, pneumonia
and sepsis. None of the associations analysed was significant (p > 0.05). Table S4. Frequencies of
the most common diplotypes in preterm newborns, depending on incidence of respiratory distress
syndrome, early-onset infection, pneumonia and sepsis. None of the associations analysed was sig-
nificant (p > 0.05). Supplementary Figure S1: Linkage disequilibrium analysis of promoter rs3124952
(−986 A > G), rs3124953 (−602 G > A), rs7865453 (−64 A > C) and rs17514136 (−4 A > G) FCN2
single nucleotide polymorphisms. The numbers in the grid refer to D’ (A) and r2 (B) parameters
of the given pairs of SNPs. Bolded triangles show haplotype blocks identified using the four ga-
mete rule test. Supplementary Figure S2: Individual concentrations of ficolin-2 in cord sera from
preterm newborns, corresponding to the ten most common FCN2 gene promoter diplotypes. Blue
bars represent median values (given below the graph in bold). Medians related to diplotypes 2 (the
highest) and 5 (the lowest one) were compared with the remaining values using a Mann–Whitney U
test. Corresponding p-values are given below the graph in red and blue, respectively. Diplotypes:
1—AGAG/GGAA; 2—AGAG/AAAA; 3—AAAA/GGAA; 4—AGAG/AGAG; 5—AGAG/GGCA;
6—AAAA/GGCA; 7—GGAA/GGAA; 8—AGAA/GGAA; 9—AGAA/AGAG; 10—AAAA/GGAG.
Supplementary Figure S3: A: Scheme of the FCN2 gene with investigated promoter polymorphic
sites. Alleles associated with higher gene expression are marked in green and those with lower, in
red. Exons 1–8 are shown as blue rectangles. B: Genotypes corresponding to polymorphic sites, most
common haplotypes, diplotypes and median ficolin-2 concentrations in cord sera (ng/mL), related to
demonstrated promoter diplotypes. Alleles corresponding to particular sites associated with higher
gene expression are marked in green and those with lower, in red. Median ficolin-2 levels higher than
the median for the whole cohort are marked in green and those lower, in red. Genotypes: A/A (−986),
A/A (−64), G/G (−4), all corresponding to relatively high FCN2 gene expression; the related AGAG
haplotype and AGAG/AGAG diplotype were associated with lower risk of very low birthweight
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https://www.mdpi.com/article/10.3390/ijms232315336/s1
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(green boxes). Furthermore, the G/G variant at −4 corresponds to a lower risk of birth at gestational
age <33 weeks (blue box). The GGCA haplotype (all alleles related to lower gene expression) was
associated with a higher risk of VLBW (red box) while the AGAG/GGAA diplotype was associated
with a higher risk of both VLBW and GA < 33 weeks (red and orange boxes).
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4. Świerzko, A.S.; Jarych, D.; Gajek, G.; Chojnacka, K.; Kobiela, P.; Kufelnicka-Babout, M.; Michalski, M.; Sobczuk, K.; Szala-Poździej,
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