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Abstract. Lectins, being the main proteins of the lectin pathway activating the complement system, are encoded
by polymorphic genes, wherein point mutations cause the protein conformation and expression to change, which
turns out to have an effect on the functionality and ability to respond to the pathogen. In the current study, large-
scale data on the population genotype distribution of the genes for H-ficolin FCN3 rs28357092 and mannose-bind-
ing lectin-associated serine protease MASP2 rs72550870 among the indigenous peoples of the Russian Arctic re-
gions (Nenets, Dolgans and Nganasans, a mixed population and Russians: a total sample was about 1000 newborns)
have been obtained for the first time. Genotyping was carried out using RT-PCR. The frequency of the homozygous
variant del/del FCN3 rs28357092 associated with the total absence of the most powerful activator of the lectin com-
plement pathway, N-ficolin, was revealed; 0 % in the Nenets, 0.8 % in the Dolgans and Nganasans, and 3.5 % among
the Russians (p < 0.01). Analysis of the prevalence of the MASP2 genotypes has shown the predominance of the
homozygous variant AA in all studied populations, which agrees with the available world data. The heterozygous
genotype AG rs72550870 associated with a reduced level of protease was found to occur rarely in the Nenets, Dol-
gans and Nganasans compared to newborns of Caucasoid origin from Krasnoyarsk: 0.5 % versus 3.3 %, respectively.
Moreover, among 323 examined Nenets, one AG carrier was identified, whereas in Russians, 16 out of 242 examined
newborns were found to be AG carriers (p < 0.001). A homozygous variant (GG) in total absence of protease with
impaired binding of both MBL and ficolins was not detected in any of the 980 examined newborns. An additional
analysis of infectious morbidity in Arctic populations allows one to find phenotypic characteristics related to a high
functional activity of the lectin pathway of complement activation as an most important factor for the first-line of
anti-infectious defense, including such new viral diseases as COVID-19.
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PacrpocTpaHeHHOCTD ITOJIMMOP(HBIX BAPMAaHTOB

reHoB H-pukonmHa (FCN3) 1 MaHHO30CBSI3bIBaIOIIIE
JIEKTVMH-aCCOLIMMPOBAHHOM CepMHOBOM mpoTeasbi-2 (MASP2)

V KOPEHHBIX IMOIIV/ISIIINI POCCUNCKUX APKTUYECKUX TEPPUTOPUI

M.B. Cmoabuukosa ®, C.10. TepeeHko

HayuHo-vccnenoBaTenbCknin MUHCTUTYT MeANLMHCKMX Npobnem CeBepa — 060cobneHHoe nogpasaeneHme GeaepanbHOro NCCieAoBaTeNbCKOro LieHTpa
«KpacHoAPCKUIA HayuHbI LeHTp Cnbupckoro otaeneHna Poccuiickol akagemum Hayk», KpacHoapck, Poccna
@ smarinv@yandex.ru

AHHOTauumA. JIeKTVHbI — OCHOBHbIE NPOTENHbI JIEKTVHOBOIO NyTW aKTMBALMN CUCTEMbI KOMIJIEMEHTA, KOANPYIOT-
€A NONVMOPGOHBIMU FreHaMU, TOUeUHble MyTaLUK B KOTOPbIX MPUBOAAT K M3MEHEHMI0 KOHbOpMaLmMn 1 SKCnpeccum
6esiKa, UTo B CBOI OUepefb OTpaxKaeTca Ha GYHKLMOHaIbHOCTY 1 COCOBHOCTM OTBEYATb Ha MaToreH. B HacToALwem
nccnefoBaHNy BrepBeble MoslyyeHbl MacluTabHble AaHHbIE O NOMYNAALMOHHOM pacnpeaeneHny YacToT annenen re-
HoB H-durkonuHa FCN3 rs28357092 1 MaHHO30CBA3bIBAIOWWEN NEKTUH-aCCOLUNPOBAHHON CEPUHOBOI NPOoTeasbl-2
MASP2 rs72550870 cpefin KOPEHHbIX HAPOAHOCTEN POCCUNCKMX APKTUYECKMX TEPPUTOPUIA (HEHLbI, JOMraHbl, Hra-
HacaHbl, CMellaHHas NonynAaumA U pycckme: obuas BbibopKa cocTasuna okono 1000 HOBOPOXKAEHHbIX). [eHoTUNN-
poBaHVe ocylecTBAEHO C ncnonb3oBaHuem [MLP-PB. Hamu BbisiBneHa YacToTa roMo3nroTHoro BapuaHTa del/del
FCN3 rs28357092, acCOLMUPOBAHHOIO C MOJIHbIM OTCYTCTBMEM Hambonee MOLLHOMO aKTUBaTOPa JIEKTUHOBOIO MyTW
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KomnnemeHTa H-pukonuHa: y HeHues 0 %, y fonraH-HraHacaH 0.8 %, B TO BpeMsA Kak cpean eBporneonfos 3.5 %
(p < 0.01). AHanu3 pacnpocTpaHeHHOCTU reHoTUNoB MASP2 nokasan npeobnagaHne roMo3nroTHOro BapuaHta AA
BO BCEX NCCIeJOBAHHbIX NOMYAALMAX, YTO COrNACyeTca C OCTYMHbIMU MAPOBbIMY AAHHBIMU. [€TePO3MTOTHbIN FreHo-
Tmn AG rs72550870, accoummpoBaHHbIN CO CHUPKEHHbBIM YPOBHEM MpoTeasbl, BCTPEYaeTCA B eANHNYHBIX ClyYasX Yy
HeHLeB, JO/IFaH N HraHacaH No CPaBHEHMIO C HOBOPOXKAEHHbIMY €BPONEOUAHOIO NPOUNCXOXKAEHNA T. KpacHOAPCKa:
0.5 1 3.3 % cooTBeTCTBEHHO. pryem y HeHLeB Obin BbiABEH 0guH HocuTenb AG 13 323 06cnefoBaHHbIX, Torga Kak
y eBponeonzos — 16 13 242 o6cnefoBaHHbIX HOBOPOXAEHHbIX (p < 0.001). fomo3uroTHbI BapmaHT GG, KOTopomy
COMyTCTBYET MOJIHOE OTCYTCTBUE NPOTeasbl C HapyLueHeM cBA3biBaHNA MBL 1 prKonnHOB, He 06HapPYXeH HI Y Of-
Horo 13 980 o6cnefoBaHHbIX HOBOPOXKAEHHbIX. [JONONHNUTENbHbIA aHanu3 MHGEKLMOHHOI 3ab0oneBaemMoCTy B apK-
TUYECKMX MOMNYNALMAX MO3BOUT BbIABUTb PEHOTUMMYECKME XapaKTePUCTUKN, COMPAXKEHHbIe C BbICOKON GyHKLMO-
HaJIbHOW aKTMBHOCTbIO NEKTMHOBOIO MyTW aKTUBaLMM KOMIMIEMEHTa B PO BaxHelLwero ¢paktopa nepBom MMHUN
NPOTUBONHGEKLNOHHON 3aLKTbl, B TOM YMC/IE B OTHOLIEHUN HOBbIX BUPYCHbIX 3a60neBaHniA, Taknx kak COVID-19.
KntoueBble cnoBa: FCN3; MASP2; nonumopdur3m reHoB; HOBOPOXAeHHbIe; Poccus; apKTnyeckre nonynauum.

Introduction

The innate immune system provides an immediate, non-spe-
cific first line of defense through humoral, cellular and me-
chanical processes, playing a vital role in protection against
pathogenic effects (Dunkelberger, Song, 2010). In the world
literature, considerable attention has recently been paid to
the study of birth defects of the complement system (CS)
in the pathogenesis of various infectious, autoimmune and
cardio-metabolic diseases. Thus, in the document from
European Society for Immunodeficiencies (ESID) 2020,
specifically devoted to summarizing the current state of the
problem of various complement component deficiencies,
such birth defects were established to account for at least
5 % of the total number of primary immunodeficiencies,
with their prevalence and pathogenesis being unexplored
(Brodszki et al., 2020).

Plasma proteins of CS interact with each other in three
known ways, i.e. lectin (the most phylogenetically an-
cient), alternative, and classical. All three complement
pathways are initiated by many independent stimuli, and
subsequently proteolytic cascades are reduced to the main
component C3 activation, which leads to the assembly of
the membrane-attacking complex (Blom et al., 2004). The
lectin pathway (LP) can be activated in the absence of im-
mune complexes and initiated by the binding of molecules of
the pattern recognition receptor superfamily (lectins), such
as mannose-binding lectin (MBL), collectin 11 (CL-K1),
or ficolins, to carbohydrates or acetylated residues found
on the pathogen surface or host apoptotic/cancer cells (Ali
et al., 2012). Circulating MBL, CL-K1, and ficolins form
complexes with specific serine proteases (mannose-binding
lectin-associated serine protease, MASP).

In addition to complement activation, lectins reduce the
risk of infection by stimulating the secretion of interferon-
gamma (IFN-y), IL-17, IL-6, tumor necrosis factor-alpha
(TNF-a) by macrophages (Ren et al., 2014). Three types
of ficolins have been described for humans: M-ficolin en-
coded by the FCNI gene, L-ficolin (FCN2), and H-ficolin
(FCN3). M-ficolin is expressed in lungs, monocytes and
spleen, L-ficolin is produced in liver and circulates in blood,
H-ficolin is expressed in liver and lungs. H-ficolin has been
shown to be produced to the greatest extent in lungs, and
its complement-activating ability exceeds that of MBL.
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Ficolin-3 is the most abundant recognition molecule of the
lectin pathway, and since it is highly expressed in liver and
lung tissues, this indicates its importance both for activating
the lectin pathway and for protecting the host lung (Akaiwa
et al., 1999; Hummelshoj et al., 2008). In addition, the first
evidence of antimicrobial activity of ficolin-3 against the
intestinal commensal and opportunistic intestinal bacteria
Hafnia alvei has recently been obtained (Michalski et al.,
2015). It is noteworthy that ficolin-3 is resistant to colla-
genases (whereas other ficolins and collagens are not), and
this may affect its antimicrobial activity, in particular in
gastrointestinal tract (Hummelshoj et al., 2008).

Various polymorphic variants in the promoter and struc-
tural regions of ficolin genes were given. The FCN3 gene
is located on chromosome 1p36.11 and is highly conserved
in humans. Five point mutations responsible for amino
acid substitutions have been described, with allele frequen-
cies being below 5 %: p.Leul2Val, p.Leull7fs (known as
+1637delC), p.Thr125Ala, p.Glul66Asp and p.Val287Ala
(Hummelshoj et al., 2008). The high conservatism of the
gene reveals that ficolin-3 may play a crucial role in the
immune response. As a matter of fact, there have been very
few cases of ficolin-3 deficiency (Thiel, 2007).

H-ficolin (ficolin-3) is the most potent of the known lectin
complement pathway activators, and its serum concentra-
tions are significantly higher than those of L-ficolin and
MBL (Sallenbach et al., 2011). The rs28357092 (+1637delC)
mutation in exon 5 of the FCN3 gene is a frame-shift mu-
tation leading to truncation of the C-terminal end of the
ficolin-3 protein; it accounts for a decrease in plasma levels
of H-ficolin by the gene—effect scheme, i.e. homozygotes
with such deletion demonstrate a total absence of H-ficolin
plasma levels, and heterozygotes do moderate protein levels
(Michalski et al., 2011). Homozygosity for +1637delC hap-
pens very rarely (1-2 %): only 6 cases have been described
in the literature available (all of them suffered from severe
infections in early childhood). Data on the population fre-
quency of heterozygous carriage are also scarce, i.e. 15 hete-
rozygotes out of 483 examined individuals were identified
in the Icelandic cohort of healthy donors (the frequency was
1.5 %) (Bjarnadottir et al., 2016).

In addition to MBL and ficolins, one of the key partici-
pants in the lectin pathway of complement activation is the
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family of mannose-binding lectin-associated serine prote-
ases; three proteases (MASP-1, MASP-2, MASP-3) and two
related nonenzymatic proteins, MAp19 (sMAP) and MAp44
(MAP-1), were identified in the MASP family (Ricklin et al.,
2010). MASP-1 and MASP-2 are of crucial importance in the
lectin pathway activation. MASP-1 have been shown to be
automatically activated and leads to the MASP-2 activation
(Degnetal., 2012). MASP-2 can also become automatically
activated, however, it is MASP-1 that is the main activator of
MASP-2 under physiological conditions (H¢ja et al., 2012).
MASP-2 is a protease that cleaves complement factors C2
and C4, leading to the complement cascade activation with
the formation of inflammatory mediators (C3a and C5a),
membrane attack complex (MAC) assembly and opsoniza-
tion. On the other hand, MASP-3 seems to reduce the activity
of the lectin pathway due to competition for MASP bind-
ing sites on the recognition molecules (Degn et al., 2010).
Moreover, MASP-3 predominantly forms a complex with
ficolin-3 and is believed to have an inhibitory effect on
complement activation mediated by ficolin-3 (Skjoedt et al.,
2010). Levels of the three MASPs have been demonstrated
to be predictors of infection and prolonged dependence on
life support in critically ill children (Ingels et al., 2014).
The most studied among the specific enzymes capable of
activating both MBL and ficolins is the type 2 prosthesis,
i.e. MASP-2. Serum MASP-2 levels ranged from 125 to
1150 ng/ml, with an average of 416 ng/ml (Sallenbach et
al., 2011). An analysis of plasma MASP-2 levels in people
of various ethnic groups revealed that the lowest one was
found in Africans, then the Hong Kong Chinese, Indians
and Caucasian Danes (Thiel et al., 2007).

The polymorphic gene MASP? is located on the 1p36.23-
31chromosome, has 12 exons, and encodes MASP-2 and
MAp19 proteins. The most significant MASP2 mutation is
rs72550870 (p.D120G), which leads to the substitution of
aspartic acid for glycine, thereby the protein loses its ability
to activate the complement due to inability to form lectin
complexes, in particular with MBL and ficolins. Congenital
MASP-2 deficiency is caused by the rs72550870 mutation
in the homozygous state (GG), characterized by a total ab-
sence of serum protease activity (Thiel et al., 2009). A total
of'thirteen cases of homozygous GG rs72550870 have been
described in the literature since the first case was detected in
2003 (Stengaard-Pedersen et al., 2003). Clinical manifesta-
tions of decreased activity/inactivity of MASP-2 can range
from full health to severe infections and predisposition to
cancer (Bjarnadottir et al., 2016). Since three healthy adults
with MASP-2 deficiency, homozygous GG in MASP2,
were reported (Garcia-Laorden et al., 2008), clinical pen-
etrance of this deficiency has become doubtful. Thus, the
association of MASP-2 deficiency (GG rs72550870) with
clinical manifestations is currently uncertain. Unidentified
molecules and functions are likely to be involved in the LP,
which could explain why MASP-2 deficiency is relatively
common in apparently healthy people (Bjarnadottir et al.,
2016). The lectin pathway of the complement activation
has been suggested to be unnecessary or also excessive
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(for example, in severe COVID) for an immune response
in healthiest individuals to be formed, and its deficiency is
clinically significant only in certain situations, for example,
in premature infants (Matricardi et al., 2020).

There are some pronounced population differences in the
genotype frequency distribution for polymorphic genes of
lectin pathway proteins of the CS. The results of our earlier
studies (Tereshchenko, Smolnikova, 2020) have demon-
strated that the frequency of the high-producing haplotype
(HYPA) of the MBL2 gene is 35.4 % in Russian newborns of
Eastern Siberia, corresponding to that of European popula-
tions (Holland — 27 %, Denmark — 30 %, Czech Republic —
33 %), as well as Brazilian Caucasians (28-34 %). However,
the HYPA haplotype frequency in newborns of the Taimyr
Dolgan-Nenets region of the Krasnoyarsk Territory was
statistically significantly higher than in the Russians and was
64 % for the Nenets and 56 % for the Dolgan-Nganasans,
being close to the distribution frequency identified for the
Eskimos (81 %) and the North American Indians (64 %). In
the aboriginal populations of both the Nenets and Dolgans/
Nganasans of the Taimyr Dolgan-Nenets region of the Kra-
snoyarsk Territory, our research group found a decrease in
the prevalence of the FCN2 rs7851696 genotype, associated
with the low binding capacity of L-ficolin to carbohydrates,
as compared with Caucasians of Eastern Siberia. The study
results (Smolnikova et al., 2017) showed that the Nenets
population has a number of important features compared
to the Dolgans and Nganasans, i.e. a much lower preva-
lence of the T allele for the rs17549193 polymorphism and
a higher prevalence of the T allele for the FCN2 rs7851696
polymorphism. We suppose that this genotype can be a ge-
netic marker of the high functional ability of L-ficolin for
the Nenets population. In other words, a high prevalence
of genotypes associated with high L-ficolin activity in the
Arctic populations of the Nenets and Dolgans/Nganasans,
compared to the Caucasians of Eastern Siberia has been
shown.

As mentioned above, data on the population frequency of
the 1528357092 polymorphic variants of the FCN3 gene are
scarce, with much more works on the population frequencies
for the rs72550870 polymorphisms of the MASP2 given.
The frequency of the rare G allele in the Danish cohort was
3.9 %; the same frequency was found in the Icelandic sample
of adult donors (Bjarnadottir et al., 2016). Interestingly, the
G allele was not detected at all in the populations of Hong
Kong Chinese, African Zambians, and Brazilian Native
Americans (Fumagalli et al., 2017).

The results of the above studies underlie the hypothesis
that human evolution has moved on to the accumulation of
genotypes with low lectin pathway activity of complement
activation due to the prevalence of some intracellular infec-
tions, such as tuberculosis and leprosy, where low MBL and
L-ficolin activity can cause a protective effect (Verdu et al.,
2006; Dunkelberger, Song, 2010). It was suggested that the
isolated Arctic populations of the Taimyr Dolgan-Nenets
region of the Krasnoyarsk Territory fought these infections
historically later and, as a result, retained the high lectin
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pathway activity of complement activation formed at the
early stages of human evolution.

According to the analysis of the literature data available,
to date, the population frequencies of mutations associated
with congenital deficiency of H-ficolin (rs28357092) and
MASP-2 (rs72550870) in Russian populations and popula-
tions of indigenous peoples of the Russian Arctic regions
have not been studied. The relevance of obtaining such data
for the Russian Arctic populations is increasing, given the
accumulating evidence that the lectin pathway of comple-
ment activation plays an important role in relation to viral
infections. For example, MBL is assumed to be essential in
relation to respiratory viral infections, including new coro-
navirus ones, i.e. SARS and COVID-19 (Matricardi et al.,
2020). The role of congenital deficiencies of LP proteins,
including H-ficolin and MASP-2, has not been studied
in such clinical situations at all. Given that infections are
major contributors to infant mortality and lectins are criti-
cal for anti-infectious defense, lectin deficiency is likely to
contribute to early childhood mortality.

The aim of the work was to identify ethnic differences in
the allelic distribution of the lectin pathway component genes
of complement activation among indigenous newborns of
the Taimyr Dolgan-Nenets region of the Krasnoyarsk Ter-
ritory (Nenets, Dolgans and Nganasans) compared to the
Caucasians of Krasnoyarsk.

Materials and methods

To study single nucleotide polymorphisms rs28357092
FCN3 and rs72550870 MASP2, 980 samples of dried blood
stains from newborns from the Taimyr Dolgan-Nenets region
of the Krasnoyarsk Territory and the city of Krasnoyarsk,
obtained earlier in the Krasnoyarsk Regional Medical Ge-
netic Center, were used.

The newborns were divided into four groups for the ethnic
specificity of gene polymorphisms of the lectin pathway of
the complement system to be studied: (1) 323 individuals
from villages with a predominantly Nenets population (the
Nenets make up 85 % of the population); (2) 138 from vil-
lages with predominantly Dolgan and Nganasan populations
(the Dolgans and Nganasans make up 91 % of the popula-
tion); (3) 217 from villages with varying combinations of
indigenous and mixed populations; (4) 302 newborns of
European origin from the city of Krasnoyarsk (the Russians).

Written informed consent of the subjects under the
Helsinki Declaration of the World Association “Ethical
Principles for Conducting Scientific Medical Research with
Human Participation” as revised in 2000 and “The Rules
of Clinical Practice in the Russian Federation”, adopted by
Order of the Russian Ministry of Healthcare No. 266 dated
June 19, 2003 was obtained for the investigation to be car-
ried out. The study was approved by the Ethics Committee
of Scientific Research Institute of Medical Problems of the
North No. 9 dated September 9, 2014.

To isolate DNA from newborn blood stains, a DIAtom
DNAPrep reagent kit (Isogen, Russia) was applied. Single-
nucleotide polymorphism genotyping of the lectin pathway
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component genes of complement activation (FCN3, MASP2)
was carried out under the manufacturer’s protocol, using the
real-time polymerase chain reaction (RT-PCR) method with
specific oligonucleotide primers and fluorescently labeled
probes (TagMan) (DNA-synthesis, Russia). Nucleotide
sequences of allele-specific probes for genotyping poly-
morphisms are as follows: for rs28357092 FCN3 F — CCT
CGGTGTCCATGTCAC,R-CCACCTTGAGCGGCTGG
(fluorophore/allele — VIC/del, FAM/G); for rs72550870
MASP2 F — GCAAGGACACTTTCTACTCGC, R - TCA
CCCTCGGCTGCATAG (fluorophore/allele — VIC/G,
FAM/A).

The correspondence of genotype frequencies to the
Hardy—Weinberg equilibrium was verified using 2. Geno-
type frequency comparisons were performed using the two-
sided Fisher’s exact test. Statistically significant differences
were accepted at p < 0.05 after Bonferroni correction for
multiple tests.

Results and discussion
The advantage of our approach to population assessment
for the prevalence of immunodeficient genotypes of lectin
pathway’s mediators of complement activation was to study
newborn populations, where unfavorable genetic variations
had not been excluded, which is possible at an older age as
aresult of the clinical realization of genetic predisposition.

The genotype frequencies and the variant allele of the
H-ficolin gene FCN3 rs28357092 are given in Table 1. The
prevalence analysis of the FCN3 genotypes revealed the
predominance of the homozygous GG variant in all popula-
tions studied in the work, which is consistent with the world
data available.

The variant deletion allele (del) FCN3 rs28357092 in
a heterozygous state was not found in any newborns of
the three indigenous populations of the Taimyr Dolgano-
Nenets region, except for one Russian individual from
the city of Krasnoyarsk. Although the literature describes
underrepresentation of the homozygous genotype for this
deletion, it was found in our cohort of the studied samples in
10 Russian newborns (3.3 %), in 4 newborns from a mixed
population (2.0 %) and in one of the Dolgan and Nganasan
group (0.8 %). In the Nenets, neither homozygotes nor hete-
rozygotes by the mutant deletion FCN3 rs28357092 were
identified. Thus, in the total sample of 926 newborns, del/del
homozygotes were detected in 15 individuals, being 1.6 %.
According to the Internet source http://www.ensembl.org,
the variant allele frequency in world populations is 1-3 %,
with it being zero in Asian populations. As mentioned above,
the rs28357092 (+1637delC) mutation in the FCN3 gene
leads to a plasma level decrease of H-ficolin, i.e. the dele-
tion homozygotes, being rare, have a complete absence of
plasma H-ficolin, and heterozygotes have medium protein
levels (Michalski et al., 2011; Bjarnadottir et al., 2016). It is
likely that in other studies, homozygotes were not detected
with adult populations being examined, demonstrating
again the advantage of our approach for identifying the true
genotype frequencies with a cohort of newborns, where the
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Table 1. FCN3 rs28357092 genotype frequencies among newborns from different ethnic populations
of the Taymyr Dolgan-Nenets region of the Krasnoyarsk Territory and the city of Krasnoyarsk, n (%)

Genotype Nenets Dolgans and Nganasans
(n=292) (n=129)
1 2

GG 292 (100.0) 128 (99.2)

G/del 0(0.0) 0(0.0)

del/del 0(0.0) 1(0.8)

del* 0(0.0) 0(0.8)

* Only p-values < 0.05 are given.

Table 2. MASP2 rs72550870 genotype frequencies among newborns from different ethnic populations
of the Taymyr Dolgan-Nenets region of the Krasnoyarsk Territory and the city of Krasnoyarsk, n (%)

Genotype Nenets Dolgans and Nganasans
(n=323) (n=138)
1 2

AA 322(99.7) 136 (98.6)

AG 1(0.3) 2(1.4)

GG 0(0.0) 0(0.0)

G* 1(0.2) 2(0.7)

* Only p-values < 0.05 are given.

deficiency variants have not been eliminated due to infec-
tions and decease.

The genotype frequencies and variant allele of the serine
protease gene MASP2 rs72550870 are presented in Table 2.
Analysis of the MASP2 genotype prevalence has shown the
predominance of the homozygous AA variant among all
populations studied in the work, which is consistent with the
data available. The heterozygous genotype AG rs72550870
was found in some isolated incidents in the Nenets and Dol-
gan-Nganasans as compared with the Caucasian newborns in
the city of Krasnoyarsk. The frequency of the AG genotype
in the Russians (6.6 %) is statistically significantly higher
than in the Arctic populations (the Nenets being 0.3 %,
p < 0.001; the Dolgan-Nganasans being 1.4 %, p = 0.02;
the mixed populations being 1.8 %, p = 0.01). Thus, the
heterozygous AG variant occurred in 16 out of 242 Rus-
sian newborns, whereas in 323 Nenets it occurred in only
one individual. None of the population groups were found

Monnmopdusmbl FCN3 n MASP2 2021
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Mixed Arctic populations  Russians p*

(n=203) (n=302)

3 4

199 (98.0) 291 (96.4) 1-3=0.02
1-4 < 0.001

0(0.0) 1(0.3) -

4(2.0) 10(3.3) 1-3=0.02
1-4=0.002

8(2.0) 21(3.5) 1-3<0.001
1-4 < 0.001
2-3=0.02
2-4=0.003

Mixed Arctic populations  Russians p*

(n=217) (n=242)

3 4

213(98.2) 226 (93.4) 1-4 < 0.001
2-4=0.02
3-4=0.01

4(1.8) 16 (6.6) 1-4 < 0.001
2-4=0.02
3-4=0.01

0(0.0) 0(0.0) -

4(0.9) 16 (3.3) 1-4 < 0.001
2-4=0.03
3-4=0.01

to have homozygotes for the minor G allele associated with
the absence of serum protease activity.

The allelic variant G of the MASP2 rs72550870 has zero
or extremely low frequencies in the world populations. Ac-
cording to the Internet source http://www.ensembl.org, the
frequency in Caucasoid populations is 4.0 %, in the general
American population — 2.0 %, among Asian and African
populations — zero. In the course of the study, we obtained
data on the prevalence of the mutant allele G rs72550870 in
the Russian Arctic populations: 0.5 % among newborns in
the Taimyr Dolgan-Nenets region of the Krasnoyarsk Ter-
ritory (n = 678) and 3.3 % among Russians in Krasnoyarsk
(n =242).

Data on nine MASP2 gene mutations based on the two
most informative studies carried out by the S. Triel group
in 2007 and 2009 were obtained, that is, the prevalence of
mutant allelic variants for almost all polymorphisms was too
low. There was a change in the MASP-2 protein structure
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that resulted from the rs72550870 mutation, which led to
impaired binding into the MBL complex, resulting in the
inability to activate the complement system. In addition,
the authors note that it is the Caucasian population that has
the variant G allele (rs72550870) as the main reason for the
lower MASP-2 levels. Population analysis reported the ab-
sence of the homozygous genotype GG rs72550870 among
the adult Chinese, Africans, Caucasians, Greenland Intuits,
and Brazilians (Thiel et al., 2007, 2009). The heterozygous
variant prevailed in the Caucasians from Denmark (3.9 %)
and Inuits of western Greenland (where the European ad-
mixture is high, as reported by the authors) (3.7 %), however,
that was not found to occur in other studied populations
(p<0.0001).

Moreover, the authors (Thiel et al., 2009) provided the
frequencies of a rare allelic variant obtained by other re-
searchers in different populations among healthy individuals
and patients with various diseases. Thus, 14 heterozygotes
were found among 112 patients with cystic fibrosis (the
frequency was 6.3 %) and five heterozygotes were found
among 200 healthy people (the frequency — 1.3 %) in the
Swedish population. In a study of psoriasis patients and their
families, 894 individuals were tested for MASP2 rs72550870
and a total of 62 heterozygotes and one homozygote were
found, resulting in a gene frequency of 3.6 % (the allele was
not associated with psoriasis). Homozygosity was recorded
in one person in a group of 293 Polish children with respi-
ratory infections and in one child with cystic fibrosis. Two
homozygotes were found among 2,008 individuals (includ-
ing 967 pneumonia patients, 130 SLE patients, 43 children
with recurrent respiratory infections, and 868 healthy people)
in a recent study of the Spanish population, no association
of the desease with the variant allele being found. The ab-
sence of the allelic variant G of the MASP2 rs72550870 in
China was documented by a report examining the influence
of both MBL2 and MASP2 genotypes on susceptibility to
severe acute respiratory syndrome (SARS). No G allele was
found in all 1,757 Asians tested. Thus, MBL-deficiency,
as well as deficiencies of other complement components
(including MASP2) should not be concluded to cause the
disease or susceptibility to infections, but rather are cli-
nical modifiers impairing other elements of the activation
cascade.

Studying the role of congenital defects of the complement
system in the pathogenesis of various diseases is a hot issue,
as the congenital complement component deficiencies ac-
count for at least 5 % of the total number of primary immuno-
deficiencies, whereas their prevalence and pathogenesis re-
main unstudied. Large-scale data on the population genotype
distribution of genes for H-ficolin FCN3 rs28357092 and
mannose-binding lectin-associated serine protease MASP2
rs72550870 among the indigenous peoples of the Russian
Arctic regions (the total sample of the newborns studied was
980) were first obtained in the work. As mentioned above,
currently, the population frequencies of mutations associated
with congenital deficiency of H-ficolin and MASP-2 in Rus-
sian populations as a whole, and in populations of indigenous
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peoples of the Russian Arctic regions in particular, have not
been previously studied. Moreover, the previously identified
features of the genetic regulation of lectin pathway proteins
of complement activation in newborns of the Taimyr Dolgan-
Nenets region of the Krasnoyarsk Territory have shown the
indigenous populations of the Arctic to be genetically cha-
racterized by greater activity of at least two different lectin
pathway components of complement activation, i.e. MBL
and L-ficolin, indicating a high tone of the lectin pathway of
complement activation in general (Smolnikova et al., 2017,
Tereshchenko, Smolnikova, 2020).

Currently, there are two competing hypotheses accounting
for the high genotype population diversity of the lectin com-
pliment pathway (Eisen, Osthoff, 2014). The first of them
proves to be a protective role of low-producing genotypes
against some intracellular pathogens, i.e. tuberculosis and
leprosy, visceral leishmaniasis, atypical pneumonia. A high
level of lectin-mediated phagocytosis may predispose to
better penetration of intracellular pathogens into the cyto-
plasm of host cells, screening the pathogens from factors of
adaptive immunity and, consequently, a greater risk of active
infection process. Thus, the actual data available suggest
a “double pathophysiological role” of the lectin pathway of
complement activation, i. e. protective against extracellular
pathogens, especially in young children, and provocative
against some intracellular pathogens and atherosclerosis.
The population genetic consequences of such a “double
role” may be the root cause of the ethnic diversity for the
corresponding genotypes, being the main point for the first
hypothesis mentioned above, based on the assumption for the
selection benefit of the components deficiency of the lectin
pathway of complement activation for some populations
(Seyfarth et al., 2005; Eisen, Osthoff, 2014). The second
hypothesis denies the existence of any selection pressure on
the genotypes of the lectin complement pathway, accounting
for genetic diversity specifically by migration processes and
gene drift. However, the authors of the studies stipulate that
“It is possible that stochastic evolutionary factors erased
much of the ancient imprint left by natural selection and
more powerful tests in greater population samples would
be necessary to confirm the data” (Verdu et al., 2006; Boldt
etal., 2010).

Conclusion

Therefore, lower prevalence of the genetic markers of
the H-ficolin and MASP-2 deficiencies in the indigenous
populations of the Arctic regions of the Krasnoyarsk Terri-
tory as compared with the Caucasians of Krasnoyarsk city,
associated with a genetic predisposition to a high functional
activity of L-ficolin compared to Caucasian population, has
been expected to be revealed in the given work.

The study of the ethnically associated non-specific anti-
infectious protection among the indigenous population of
the Taimyr Dolgan-Nenets region of the Krasnoyarsk Ter-
ritory can be used to formulate plans for practical health
authorities towards the infection prevention and in order to
efficiently attract labor resources for working in conditions
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with a high infectious load. An additional analysis of infec-
tious morbidity among the Arctic populations will allow
one to reveal phenotypic characteristics associated with a
high functional activity of the lectin pathway of complement
activation as the most important factor for the first line of
anti-infectious defense, including such new viral diseases
as COVID-19. Such clinical and genetic comparisons are
extremely important for elucidating the physiological role
of MBL, ficolins, and MASP-2, and we identified genetic
features of the ethnically isolated indigenous Arctic popula-
tions of the Krasnoyarsk Territory as a unique material to
be studied.
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