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Although over 85% of osteogenesis imperfecta (Ol) cases
are associated with mutations in the procollagen type |
genes (COL1A1 or COL1A2), no hot spots for the muta-
tions were associated with particular clinical phenotypes.
Eight patients that were studied here, diagnosed with
Ol by clinical standards, are from the Polish population
with no ethnic background indicated. Previously unpub-
lished mutations were found in six out of those eight pa-
tients. Genotypes for polymorphisms (Sp1 - rs1800012
and Pvull - rs412777), linked to bone formation and
metabolism were determined. Mutations were found in
exons 2, 22, 50 and in introns 13 and 51 of the COL1A1
gene. In COL1A2, one mutation was identified in exon
22. Deletion type mutations in COL1A7T that resulted in
Ol type | had no effect on collagen type | secretion, nor
on its intracellular accumulation. Also, a single base sub-
stitution in 113 (c.904-9 G>T) was associated with the O/
type l. The Ol type lll was associated with a single base
change in 151 of COL1A1, possibly causing an exon skip-
ping. Also, a missense mutation in COL1A2 changing
Gly—Cys in the central part of the triple helical domain
of the collagen type | molecule caused Ol type lll. It af-
fected secretion of the heterotrimeric form of procolla-
gen type I. However, no intracellular accumulation of
procollagen chains could be detected. Mutation in CO-
L1A2 affected its incorporation into procollagen type I.
The results obtained shall help in genetic counseling of
Ol patients and provide a rational support for making in-
formed, life important decisions by them and their fami-
lies.
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INTRODUCTION

Osteogenesis imperfecta (OI) is a heterogenic, connective
tissue related disorder, manifested by bone fragility, with

autosomal dominant, rarely recessive, inheritance and
1/10* to 1/3 X 10* prevalence (Roughley ez al, 2003; Tat-
nowski & Sieron, 2008; Forlino e al, 2011; van Dijk &
Sillence, 2014). The OI patients have poor quality of life
due to frequent bone fractures, resulting from minimal
trauma during regular daily activities. International No-
menclature Group for Constitutional Disorders of the
Skeleton has proposed in 2009 classification of OI types
based on radiological and clinical criteria (Sillence & Ri-
moin, 1978; van Dijk ez al, 2011; Warman ez a/, 2011).
At present, there are 15 types of OI in OMIM. In this
work we focused on patients with OI types I and IIL
The type I is the least severe (blue sclera, low bone frac-
ture frequency and slight or no skeletal deformities) (Sil-
lence & Rimoin, 1978). Type III is an opposite progres-
sive dominant form (Sillence & Rimoin, 1978; Sillence ez
al, 1979; Warman et al, 2011). In type III, in most se-
vere cases the patients may develop respiratory problems
leading eventually to death. Those patients which survive
present severe health problems affecting their life quality
(Tarnowski & Sieron, 2008; van Dijk & Sillence, 2014).
About 90% of OI cases are due to causative variants
in COL1A7T and COL7.A2 genes resulting in abnormal
collagen I fibrils formation (Forlino e al, 2011). The
remaining 10% associate with recessive variants of 19
known or yet to be discovered genes (Dalgleish, 1997,
Dalgleish, 1998; Galicka, 2012). Heterogeneity of OI
symptoms and causative gene variants imposes complex
modifying factors: genetic, epigenetic and environmental.
Polymorphisms in COL7A7 and COL1.A2 are among
the factors influencing individuals to cope differently
with mutational effects at the molecular level. Recently,
more than 50 polymorphisms were identified in both
the genes in the Indian population (Stephen ez al, 2014).
Two most common polymorphisms associated with di-
minished bone mineralization and lower resistances to
trauma causing fractures are Spl in COL7A7 (Grant
et al, 1996; Dehghan & Pourahmad-Jaktaji, 2015), and
Pyull at position 2.23065 in exon 25 of COL71.A2. Spl is
linked to low bone mineral density (BMD), osteoporo-
sis, higher risk of bisphosphonate induced osteonecrosis
of the jaw and an elevated risk of developing inguinal
hernias (Katz et al, 2011; Kurt-Sitin e7 al, 2014; Sezer
et al, 2014). The Ppull polymorphism is linked to vari-
ations in BMD, e.g. in pre-pubertal girls a transversion
A—C in g.23065 (,p” allele) is strongly correlated with
fracture frequency and variable bone strength parameters
(Blades et al, 2010). In a dedicated database, Osteo-
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genesis Imperfecta Variant Database there are 86 total
public entries for COL7A47 and 58 total public entries
for COL1A2 for Caucasian — Polish ethnic origin. No
extensive comparison of both SNPs’ frequency in nei-
ther Polish nor in general Caucasian population is avail-
able. Therefore, the two polymorphisms already linked
to bone density but not to OI, were also analyzed along
with the mutations in procollagen type 1 encoding genes.
Therefore, the aim of this work was to verify if there is
a link between the clinical diagnosis of the OI type, the
mutation detected in the affected patient and the indi-
vidual status for the two SNPs, Sp1 and Puall.

MATERIALS AND METHODS

Patient data. Clinical characteristics were collected by
physician specialists in medical genetics who also co-au-
thor this report. The patient’s medical and family genetic
histories were prepared based on “Clinical check list”
according to EMQN guidelines for the diagnosis of OI
patient, which for our patients was translated to Polish.

Methods

Materials. DNA was isolated from blood samples or
skin fibroblasts obtained from five females (F) and three
males (M) diagnosed with OI types I or III (Table 1).
The study protocol was approved by the Bioethical
Committee of Medical University of Silesia in Katowice,
Poland (Approval No. KBET/356/B/2003).

Isolation and purification of genomic DNA. DNA
isolation from blood or skin fibroblasts was conducted
using DNA purification kit “Blood Mini” (A&A Bio-
technology, Poland).

Conditions for amplifying and DNA sequencing
PCRs. The PCRs were conducted using FastStartTaq
DNA Polymerase kit (Roche, Germany) and the ampli-
cons were verified. The reaction mixtures were prepared
as described elsewhere (Witecka ez al, 2008; Majka e/ al.,
2013). The amplicons were verified following electropho-
resis in 1% agarose gel using 5 ul of the obtained PCR
products.

Sangetr’s enzymatic method was used for DNA se-
quencing, therefore, 20 ng of each purified PCR prod-
uct was mixed with 5 pM of the appropriate sequencing
primer, for Spl: 5-TCT-GGG-GAG-CCG-CTA-GCG-
CGG-3’; for Poull: 5-TTT-CAT-CCG-TGG-CAG-CAT-
CAT-AAG-C-3 with Big Dye Terminator v.3.1. The
sequencing PCR was conducted according to a protocol
described elsewhere (Witecka e/ al, 2008; Majka et al,
2013).

Purified PCR sequencing products were analyzed us-
ing genetic analyzer ABI 3130xl (Applied Biosystems,
USA) and the sequences were verified using Chromas
Lite 2.01 and Nucleotide Blast (NCBI) software online
to reference sequences NG_007400.1 for COL7.A7 and
NG_007405.1 for COL1A2.

Fibroblast culture, procollagen type I separation
and SDS PAGE /western blot analysis. Fibroblast cells
were obtained from skin biopsies as previously described
(Witecka e# al,, 2008). The cells were cultured in T75 (75
cm?) culture flasks in Dulbecco’s Modified Eagle’s Me-
dium supplemented with glucose (4.5 g/L), fetal calf se-
rum (10%), penicillin (10000 IU/mL), streptomycin (10
mg/L), amphotericin B (25 mg/mlL) (all reagents from
PAA Laboratories, GmbH). The cells were cultured un-
til reaching 80% of confluence. Then the cell monolayer
was washed twice with sterile PBS and supplemented
with medium free of antibiotics and serum. Following

Table 1. Summary of characteristics of Ol patients participating in this study.
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subsequent 48 hours, the medium was harvested, supple-
mented with the mixture of protease inhibitors in Sigma-
Fast Protease Inhibitor Coctail Tablet (Sigma, Germany)
and divided in to two parts. One part was mixed with
0.25 volume of 5 X storage buffer to provide a final
concentration of 25 mM EDTA and 0.04% NaN, in 0.1
M Tris/HCI buffer (pH 7.4). The samples were filtered
through a 1.6 mm glass-fiber filter (Millipore). Proteins
from one part were precipitated overnight at 4°C with
176 mg/ml (NH,),SO,. The precipitate was separated by
centrifugation at 15000 X g for 30 minutes.

The other part of the medium was precipitated with
30% polyethylene glycol (PEG) at its final concentra-
tion of 5%. The precipitated proteins were recovered
by centrifugation as from the previous part and both
parts wete stored at —20°C until their further analysis by
SDS PAGE, followed by electro-transfer to Immobilon
Transfer Membrane (Millipore, USA) and western blot
analysis.

Simultaneously, fibroblasts used for procollagen pro-
duction were detached using 0.25% trypsin in 1 mM
EDTA (PAA Laboratories, GmbH). The trypsin and
EDTA were neutralized with an equal volume of serum
free culture medium and the fibroblast numbers were de-
termined in samples pre-stained with Trypan Blue Dye,
(0.4%) using TC20 Automated Cell Counter (Bio-Rad).
Cold lysis solution (0.1% NP40 and 10pg/ml DNase 1
in PBS) was used at the volume enabling to obtain the
fibroblast density of 20000 cells per 1 ul.

Proteins precipitated with ammonium sulfate were
solubilized in a storage buffer (0.4 M NaCl, 0.1 M TRIS-
HCI, 0.025 M EDTA, 0.04% NaN,; pH 7.4). The pro-
teins, precipitated with PEG, were solubilized in 1 x SB
buffer (0.25 M Tris-HCI, pH 6.8; 50% glycerol, 5% SDS,
0.05% bromophenol blue, 0.1% B-mercaptoethanol) in a
volume equal to the volume of solution used for lysis of
fibroblasts recovered from the culture (all reagents were
purchased from Sigma-Aldrich Co.). Total protein con-
centrations were determined using a spectrophotometer
(Nanodrop2000, ThermoScientific, USA) at 214 nm and
280 nm wavelengths. The same amounts of total pro-
teins were analyzed for presence of procollagen type 1

by Western blotting, using Monoclonal Anti-collagen
type I produced in mice (#C2456, Sigma).

RESULTS

Patients’ characteristics

The patient’s clinical phenotypes are summarized in
Table 1. Six patients were clinically diagnosed as type 1
OI and two as type III. The initial diagnoses of five pa-
tients were without specification of the type of OI due
to inconsistent examination protocols in different medi-
cal institutions (Table 1). In such situations, further ex-
aminations and additional medical tests were performed
for complete clinical diagnosis of the type of OI (Ta-
ble 2). For the three patients with OI type recognized
initially, had their clinical diagnosis confirmed. Finally,
four women were diagnosed with type I and one female
was diagnosed with type 1II. In addition, the males had
their OI confirmed as type I and III. Our observations
indicate that a full panel of recommended clinical tests
and examinations is required for complete diagnosis of
the OI type. Particularly, X-rays of skeleton that in our
study were available only for some of the patients, are
necessary for correct diagnosis of the OI type (Fig. S1 at
www.actabp.pl).

New mutations detected in COLTA7T and COLTA2 DNA
sequences

An analysis of chromatograms obtained by sequencing
of the PCR products revealed six heterozygous sequence
changes (Table 2). Subsequent alignment of the sequenc-
es with respective reference sequences for COL7.A7 and
COL1A2 revealed three mutations in COL7.A7 gene in
four females and in one male, and two other mutations
in two males (Table 2). In the COL7.42 gene, one previ-
ously unreported mutation was found (Table 2). At least
one, but possibly three mutations, two in COL7A7 and
one in COL7A2 genes, were inherited based on the fam-
ily genetic history, whereas other mutations were detect-
ed in unrelated patients, without a family genetic history

Table 2. Summary of clinical diagnosis and DNA sequencing results of Ol patients participating in this study.

S Location of Genotype
Order Ez“/%n; ns_ gqoer(\jﬁ:- o Mutated  mutation Position in Mutation at of Sp1 po- ﬁengltyr;r)’%rofhlrgg
No. der. of Ol yp gene (E-exon; I-in- cDNA protein level lymorphism (rs4p1 2%77) P
tron) (rs1800012)

1 91-D/F | COL1AT  E2 231delG p.Thi78Prof 55 (G/G) Pp (A/C)

2 G9/M | COL1A1 113 c.904-9 G>T not applicable SS (G/G) PP (A/A)

3 55/F I COLIAT  E22 €.1503delT %{\;asozLeu/ S5 (G/G) Pp (A/C)

4 56/F | COLIAT  E22 €.1503delT pAlas2Lew/ s (6/G) Pp (A/)

5 57/M | COL1AT  E22 c.1503delT pflaso2len/ s (6/G) Pp (A/C)

6 73/F | COLIAT  E50 CBBBIAT  ROuIONVAl s(6/6)  pp(C/O)
Cc.4248+1G>A/

7 137/M Il COL1A1 151 possible exon not applicable SS (G/G) PP (A/A)
skipping

8 19/F 1l COL1A2 E22 c.1207G>T p.Gly403Cys SS (G/G) Pp (A/Q)
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SS (rs1800012)

“Pp (15412777

Figure 1. Selected representative chromatograms of the sequence around the Sp7 and Pvull polymorphic sites.
Polymorphism position g.6252 in COLTAT in patients with homozygous wild type (upper left panel). Polymorphism position g.23065 in
COL1A2 in patients with: homozygous wild type (upper right), heterozygous (bottom left) and homozygous recessive (bottom right).

Arrows point to the polymorphic sites.

(Table 1). All of the mutations affected the coding se-
quences. In COL7.A7, three mutations were single nucle-
otide deletions with subsequent frame shifts resulting in
nonsense codons located 5, 32 or 76 nucleotides down-
stream of the deletion. Additionally, in one female pa-
tient the deletion was next to another missense mutation
(73/F). In two patients, two mutations, both changing
G>T/A, occurred in introns. In COL1.42, the mutation
was a missense mutation changing glycine to cysteine in
a female with type I1I OL

The polymorphisms detected in collagen encoding
genes

An analysis of sequencing chromatograms of the re-
spective polymorphism sites in the genomic DNA, re-
vealed that all of the patients were homozygous for wild
type Spl polymorphism in the COL7.A7 gene (Fig. 1 and
Table 2). The Puull polymorphism was detected in all
three possible combinations (Fig. 1 and Table 2). Three
females, two with type I and one with type III OI, were
heterozygous for the Prull polymorphism. Two males,
one with type I and the other one with type III OI, were
homozygous for the wild type (PP) genotype. The type
I OI 73/F patient with a missense mutation followed by
an immediate single base deletion and subsequent non-
sense codon was homozygous for mutated allele of the
Pyull polymorphism (pp). It is surprising that a single

nucleotide deletion accompanied by homozygous “pp”
polymorphism resulted in just a mild clinical phenotype.

Effect of the mutations on secretion of procollagen
type |

The analysis of secreted procollagen type 1 from fi-
broblasts of three patients, two with OI type 1 and one
with OI type III, revealed that in case of mutations in
COL1AT no retention of procollagen alpha chains in the
cells could be detected (right panel in Fig. 2A). How-
ever, alpha 2 chain could be detected by western blot
analysis only as a fine band in precipitates from the cul-
ture medium obtained from fibroblasts of patients 91-
D/F (OI type 1) and 19/F (OI type III) (left panel in
Fig. 2A). Procollagen alpha chains identified in the fi-
broblast culture medium of 73/F the patient (OI type I)
migrated faster than the procollagen chains from control
fibroblasts (lane marked 73/F in the left panel of WB
blot in Fig. 2A). This resulted from a mutation in exon
50 of COL7A1, ¢.3881A>T. The mutation changed Glu
at position 1294 to Val (Table 2). There was also a dele-
tion of 9 nucleotides from position 3882 to 3891 (Ta-
ble 2), which resulted in frame shift and a subsequent
stop codon following the next 32 codons. In the culture
medium collected from fibroblasts of the 19/F patient
(OI type III) carrying a mutation in exon 22 of COL71.A2
(€.1207G>T) which changes one codon (Gly403Cys),
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Cell culture media Cell lysates
A | 11 |
M C T73F 19/F 91-DIF C  T73IF 19/F 91-DIF
? —> T d
Proa ) —
Proo,(l) =
Type of Of Typeof OI

B 1294 1300 1310 1320
Pro-o, (I) METGETCV YPTQPSVAQK NWYISKNPKD KRHVWEF
Pro-a, (I) 73/F MVPACTPL SPVWPRRTGT SARTPRTRGM GSARL¥

80 90 100 110
Pro-a, (I) ETKN CPGAEVPEGE CCPVCPDGSE SPTDQETTGV
Pro-o,(I) 91-D/F EPRT APAPKSPRAS AVPSAPTAQV RLRSGPGAWG

120 130 140

Pro-a, (I) EGPKGDTGPR GPRGPAGPPG RDGIPGQPGL PGPP
Pro-o,(I) 91-D/F LGPGAWGWGW GWSALAGPEC WRPLPTGAAL ANLG

150
Pro-o, (I) GPPGPP GP
Pro-o,(I) 91-D/F SNARLF VP*
C

Figure 2. Effect of detected mutations on procollagen type | production, secretion and potential properties of the proteins.

(A) detection of procollagen alpha chains in the fibroblasts and their culture medium. (B) Alignment of amino acid sequences around
the mutations (underlined capital letter) and the nonsense codon (¥). (C) Location of the Gly403Cys mutation (highlighted in red) in the
type | procollagen a2 chain and potential sites of interaction with interleukin 2, decorin and a,f, integrin. Boxed are Gly-Xxx-Hyp-Pro
sequences potentially involved in triple helix stabilization. The numbering of nucleotides and amino acids are for sequences in cDNA
encoding a triple helical domain in two a, and one a, chains of procollagen type |, respectively. Symbols in (A) M, purified human pro-
collagen type; C, proteins recovered from the culture medium of control skin fibroblasts (left panel) or the lysed fibroblasts (right pan-
el); 73/F, proteins recovered from the culture medium of fibroblasts obtained from the 73/F patient (left panel) or the lysed fibroblasts
(right panel); 19/F, proteins recovered from the culture medium of fibroblasts obtained from the 19/F patient (left panel) or the lysed
fibroblasts (right panel); 91-D/F, proteins recovered from the culture medium of fibroblasts obtained from the 91-D/F patient (left pan-
el) or the lysed fibroblasts (right panel); Pro a,(l), alpha 1 chain of procollagen type I; Pro a,(l), alpha 2 chain of procollagen type [; ?,
cross reaction of the anti-human procollagen type | antibodies with unidentified proteins or possible products of crosslinking of procol-
lagen type | alpha chains (left panel) or intracellular degradation of procollagen type | alpha chains (right panel); an asterisk, indicates
position of migration of intracellular alpha 1 chain of procollagen type I. Western blot pictures are representative of experiments done in
quadruplicate. The cultures of fibroblasts for procollagen analyses were repeated and the western blots from each experiment were also
done in duplicate.

only a very fine band corresponding to procollagen type
I alpha2 chain was detected, whereas pro-alphal chain
was represented by a much stronger band, indicating the
ratio of o,: «, to be higher than 2:1.

Although fibroblasts from the 91-D/F patient with
a mutation in exon 2 (c.231delG) causing a frame shift
(p.-Tht78Pro), and a stop codon 76 codons downstream
of the change, secreted the heterotrimeric procollagen
type I, the pro-a, chain was present in the culture me-
dium at a lower amount than in the control (Fig. 2A).

An analysis of proteins in lysates of cultured fibro-
blasts following SDS/PAGE and WB did not reveal
intracellular retention of pro-alpha chains in any of the
analyzed fibroblasts. However, some non-specific cross-
reaction of the anti-human type I procollagen antibodies
was detected in lysates from all fibroblasts, including the
control ones (Right panel in Fig. 2A). It is possible that
the cross reaction of the antibodies was due to the pres-

ence of products of partial degradation of the type I pr-
ocollagen chains. Poor detection of procollagen type I in
the lysates of fibroblasts from patients 19/F and 91-D/F
needs to be further investigated (Fig. 2A, right panel). In
addition, problems with determination of thermal stabil-
ity of procollagen type I in all three cases were probably
due to the poor protein yields from the culture medium
of the fibroblasts obtained from the OI patients (data
not shown).

DISCUSSION

Mutation locations analyzed in this paper did not
point directly to type of OL The resulting changes in
the encoded amino acids are not sufficient for predicting
how severe the disorder will be. The consistence of the
glycine codon changes to the cysteine codon (at position
403 in patient 19/F) correlates with commonly accepted
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Gly to Xxx substitutions resulting in a more severe type
IIT or a lethal type II of OI (Byers ez al, 1991; Roughley
et al., 2003;). In addition, the possible exon skipping ef-
fect of 151 mutation at the 4248+1 position could ex-
plain the more severe type III phenotype manifested by
a tremendous number of bone fractures (170 incidents
within 26 years).

Presence of both “PP” and “SS” genotypes was linked
to a two-fold lower risk of long bone fracture in chil-
dren Mann ¢ al, 2001; Blades es al, 2010; Kurt-Sirin
et al., 2014). The homozygous wild type status for both
polymorphisms did lower the risk of bone fractures by
half. Results reported by others revealed that the pres-
ence of at least one copy of the “s” allele of Spl poly-
morphism in COL7A7 gene increased the risk of long
bone fractures prior to maturation by three-folds also
in healthy children (Pace ez a/, 2008). No such corre-
lation was found in dual energy X-ray absorptiometry
results (DXA — means of measuring bone mineral den-
sity) among those children. Here, we did not find such
a correlation probably because all of the patients were
homozygous for wild type allele of the Spl polymor-
phism. The genotypic status for Puull polymorphism had
no effect on bone fractures in patients with OI type III
(Table 1).

Faster migration of procollagen alpha chains in patient
73 could be a result of weaker posttranslational modifica-
tion, probably glycosylation, due to the C-propeptide of
pro-o; chain shortened 139 amino acids (Top alignment
in Fig. 2B). In addition, it has been reported previously
that correct proa,(I) C-propeptide is critical for procol-
lagen assembly (Suutiniemi ef al, 2006). Therefore, one
could speculate that the disturbance in the registry of the
three procollagen chains due to different lengths of the
C-propetides from the three alpha chains, could lead to
procollagen suicide. However, the non-mutated chains
could be abnormally under-hydroxylated as an effect of
insufficient amount of newly synthetized type I procolla-
gen. Therefore, it could be processed faster through the
ER and Golgi apparatus and more quickly secreted.

Disturbed ratio of procollagen chains in patient 19/F
could be explained by shortage of the o, chain, as o,
homo-trimer was secreted along with trace amounts of
the hetero-trimer (Fig. 2A). The mutation is located in
the region flanked by Gly-Xxx-Hyp triplets in both, o,
and «, chains (Fig. 2C). This fragment also contains
amino acids forming sites for interactions with interleu-
kin 2, decorin and o,B, integrin (Di Lullo e/ af/, 2002)
(Fig. 2C). Therefore, substitution of a small glycine resi-
due by a larger cysteine in the pro-o,(I) might disturb
the structure of the triple-helix, decrease its stability and
disturb binding sites for the above listed factors.

In case of patient 91-D/F it is possible that this ex-
tremely short polypeptide, containing just 152 amino ac-
ids due to a stop codon (bottom sequence in Fig. 2B),
and mutated pro-o; chain could be degraded, therefore,
causing insufficient amount of procollagen type I to be
secreted.

Results obtained by detection of mutations in genes
encoding procollagen type I in patients diagnosed with
cither type 1 or III OI revealed that the causative mu-
tations might occur anywhere in both genes. The clini-
cal outcome resulting from these mutations is complex
and the severity is difficult to predict based only on the
type and location of the mutation, particularly when the
mutation is dominant. Although recommendation for OI
diagnosis based on a clinical exam and verified by DNA
gene sequencing, but without protein analysis, is suffi-
cient for clinical treatment, it seems to be insufficient for

genetic counseling of both, the patient and the patient’s
parents. Therefore, more research is needed on effects
of pathogenic mutations on cell biology.

Conflict of interest

All authors declare no conflict of interests.

Acknowledgements

The authors like to acknowledge dr Antoni Pyrkosz,
Anna Jakubiuk-Tomaszuk, Pawel Abramowicz, and Jerzy
Konstantynowicz for constructive medical consultation
of the manuscript.

Acknowledgements of financial support

The work was in part financially supported by Insti-
tutional grants KNW-1-010/P/1/0, KNW-1-007/P/2/0,
and KNW-1-041/K/3/0 (all awarded to ALS). The
equipment for molecular analyses used in this work was
purchased using the EU funds (European Regional De-
velopment Fund) within the Sectoral Operational Pro-

ram “Increase of Economic Competitiveness” (No.WK

P1/1.4/3/2/2005/103/223/565/2007/U) and Silesian
Bio-Farma Center for Biotechnology, Bioengineering and
Bioinformatics Project (no POIG.02.01.00-00-166/08
THE OPERATIONAL PROGRAMME INNOVA-
TIVE ECONOMY FOR 2007-2013. Priority Axis 2).
This study was also conducted with the use of equip-
ment purchased by the Medical University of Bialystok
as part of the OP DEP 2007-2013, Priority Axis 1.3,
contract No. POPW.01.03.00-20-008/09.

REFERENCES

Blades HZ, Arundel P, Carlino WA, Dalton A, Crook JS, Freeman
JV, Bishop NJ (2010) Collagen gene polymorphisms influence risk,
and bone mass acquisition during childhood and adolescent growth.
Bone 47: 989-994. doi: 10.1016/j.bone.2010.08.014

Byers PH, Wallis GA, Willing MC (1991) Osteogenesis imperfecta:
translation of mutation to phenotype. | Med Genet 28: 433—442

Dalgleish R (1997) The human type I collagen mutation database. Nu-
cleic Acids Res 25: 181-187

Dalgleish R (1998) The human collagen mutation database 1998. Nucle-
i Acids Res 26: 253-255.

Database. Osteogenesis imperfecta & Ehlers-Danlos syndrome variant
databases. Available from: http://www.le.ac.uk/ge/collagen/

Dehghan M, Pourahmad-Jaktaji R (2015) Spl binding site polymor-
phism of a collagen gene (rs 1800012) in women aged 45 and over
and its association with bone density. Turk | Med Sci 45: 644—650

Di Lullo GA, Sweeney SM, Koérkko J, Ala-Kokko L, San Antonio JD
(2002) Mapping the ligand-binding sites and disease-associated mu-
tations on the most abundant protein in the human, type I collagen.
] Biol Chem 277: 4223-4231. doi: 10.1074/jbc.M110709200

Forlino A, Cabral WA, Barnes AM Marini JC (2011) New perspec-
tives on osteogenesis imperfecta. Nat Rev Endocrinol 7: 540—-557. doi:
10.1038/nrendo.2011.81

Galicka A (2012) Mutations of noncollagen genes in osteogenesis im-
perfecta-implications of the gene products in collagen biosynthesis
and pathogenesis of disease. Postepy Hig Med Dosw 66: 359-371 (in
Polish)

Grant SF, Reid DM, Blake G, Herd R, Fogelman I, Ralston SH (1996)
Reduced bone density and osteoporosis associated with a polymor-
phic Sp1 binding site in the collagen type I ol gene. Naz Genet 14:
203-205. doi: 10.1038/ng1096-203

Katz ], Gong Y, Salmasinia D, Salmasinia D, Hou W, Burkley B, Fer-
reira P, Casanova O, Langaee TY, Moreb JS (2011) Genetic poly-
morphisms and other risk factors associated with bisphosphonate
induced osteonecrosis of the jaw. Int | Oral Maxillofac Surg 40: 605—
611. doi: 10.1016/j.ijom.2011.02.002

Kurt-Sirin O, Yilmaz-Aydogan H, Uyar M, Seyhan M-F, Isbir T, Can
A (2014) Combined effects of collagen type 1 alphal (COL1A1)
Sp1 polymorphism and osteopotosis risk factors on bone mineral
density in Turkish postmenopausal women. Gene 540: 226-231. doi:
10.1016/j.gene.2014.02.028

Majka M, Janeczko M, Gozdzik |, Jarocha D, Augusciak-Duma A,
Witecka J, Lesiak M, Koryciak-Komarska H, Sieron AL, Pietrzyk J]



86 A. Augusciak-Duma and others

2018

(2013) Cell therapy of patient with type III osteogenesis imperfecta
caused by mutation in COL7A2 gene and unstable collagen type 1.
OJGEN 3: 49-60. doi: 10.4236/0jgen.2013.31006

Mann V, Hobson EE, Li B, Stewart TL, Grant SFA, Robins SP, Asp-
den RM, Ralston SH (2001) A COL1A1 Sp1 binding site polymor-
phism predisposes to osteoporotic fracture by affecting bone den-
sity and quality. | Clin Invest 107: 899-907. doi: 10.1172/JCI110347

Pace JM, Wiese M, Drenguis AS, Kuznetsova N, Leikin S, Schwarze
U, Chen D, Mooney SH, Unger S, Byers PH (2008) Defective
C-propeptides of the proalpha2(I) chain of type I procollagen im-
pede molecular assembly and result in osteogenesis imperfecta. |
Biol Chem 283: 16061-16067. doi: 10.1074/jbc.M801982200

Roughley PJ, Rauch F, Glorieux FH (2003) Osteogenesis imperfec-
ta-clinical and molecular diversity. Eur Cell Mater 5: 41-47

Sezer S, Simsek N, Celik HT, Erden G, Ozturk G, Duzgun AP, Co-
skun F, Demircan K (2014) Association of collagen type 1 alpha 1
gene polymorphism with inguinal hernia. Hemia 18: 507-512. doi:
10.1007/510029-013-1147-y

Sillence DO, Rimoin DI (1978) Classification of osteogenesis imper-
fecta. Lancet 1: 1041-1042

Sillence DO, Senn A, Danks DM (1979) Genetic heterogeneity in os-
teogenesis imperfecta. | Med Genet 16: 101-116.

Stephen J, Shukla A, Dalal A, Girisha KM, Shah H, Gupta N, Kabra
M, Dabadghao P, Hasegawa K, Tanaka H, Phadke SR (2014) Mu-
tation spectrum of COL7.A7 and COL1.A2 genes in Indian patients
with osteogenesis imperfecta. Aw | Med Genet A 164A: 1482-1489.
doi: 10.1002/ajmg.a.36481

Suuriniemi M, Kovanen V, Mahonen A, Alen M, Wang Q, Lyytikain-
en A, Cheng S (2006) COL1AT Spl1 polymorphism associates with
bone density in early puberty. Boze 39: 591-597. doi: 10.1016/j.
bone.2006.02.053

Tarnowski M, Sieron AL (2008) Osteogenesis imperfecta-etiology,
characteristics, current and future treatment. Wiad [.ek 61: 166172
(in Polish)

van Dijk IS, Cobben JM, Kariminejad A, Maugeri A, Nikkels PG]J, van
Rijn RR, Pals G (2011) Osteogenesis imperfecta: A Review with
Clinical Examples. Mo/ Syndromol 2: 1-20. doi: 000332228

van Dijk F, Sillence D (2014) Osteogenesis imperfecta: Clinical di-
agnosis, nomenclature and severity assessment. Aw | Med Genet A
164A: 1470-1481. doi: 10.1002/2jmg.a.36545

Warman ML, Cormier-Daire V, Hall C, Krakow D, Lachman R, Le-
Merrer M, Mortier G, Mundlos S, Nishimura G, Rimoin DL, Rob-
ertson S, Savarirayan R, Sillence D, Spranger ], Unger S, Zabel B,
Superti-Furga A (2011) Nosology and classification of genetic skele-
tal disorders: 2010 revision. A | Med Genet A 155A: 943-968. doi:
10.1002/ajmg.a.33909

Witecka J, Augusciak-Duma AM, Kruczek A, Szydlo A, Lesiak M,
Krzak M, Pietrzyk JJ, Mannikko M, Sieron AL (2008) Two novel
COL1A1 mutations in patients with osteogenesis imperfecta (OI)
affect the stability of the collagen type I triple-helix. | App/ Genet 49:
283-295. doi: 10.1007/BF03195625



