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of the phD thesis, entitled: "Mutations associated with skeletal disorders:

cleidocranial dysplasia and clubfoot" authored by Ewa Hordyjewska-Kowalczyk

Overview The thesis authored by Ewa Hordyjewska-Kowalczyk submitted for the review

describes a research study focused on an issue related to genetic disorders, which represent

high social concern in terms of health care. Nowadays, enormous advance has been made in

our understanding of genetic disorders, which is especially fueled by high throughput

sequencing technologies, so-called Next Generation Sequencing methods - NGS, widely

opening up possibilities to study genetic variations in a plethora of organisms. The crowning

achievement of the NGS was the deciphering of the human genome two decades ago/ and in

the next years development of bioinformatic tools allowed to process so-called Big-Data,

bridging the genotype with the phenotype. Especially, harnessing the NGS technology

significantly contributed to our understanding of genetic disorders, not only bringing

knowledge per-se, but also opening new treatment possibilities. However, despite the big

progress in analytic technologies and processing data, our knowledge of numerous genetic

disorders is limited and represents scattered information rather than a complete picture, The

presented thesis focused on cleidocranial dysplasia and the clubfoot phenotype is in line with

the current research trend to reveal a clear connection in the phenotype-genotype correlation.

lt should be stated that Ewa Hordyjewska-Kowalczyk applied many experimental approaches,

including high throughput and bioinformatic analyses, reinforced by biochemical and cell

biology analyses, which shows her great commitment to the exploration of these genetic

disorders. This fusion of analytic methods and her capabilities formed a very productive

research environment, providing novel data and taking us beyond the current state-of-the-art.

Thesis evaluation The presented thesis falls into elaboration that is broadly

accepted by the Polish research system, i.e. a set of scientific publications with a dominant role

of the Author of the thesis. Four already published publications have been included into the

thesis, they were published in the journals: Molecular Syndromology, żx Clinical Genetics, and

the Journal of Medical Genetics, and one manuscript is in preparation, which in total makes

five publications, All four papers were published in well-recognized scientific journals,

underscoring the high quality of the work. A|l publications are multi-author papers; based on

the Authors' contribution statements, it is possible to evaluate that Ewa Hordyjewska-

Kowalczyk has significantly contributed to all these publications, with dominant contributions

in the case of Molecular Syndromology and the Journal of Medical Genetics.

The thesis is divided into Vll chapters: #l -- introduction, #ll -- aims, #lll -- cleidocranial

dysplasia, with the following publications: a review - Cleidocranial dysplasia and RUNX2-clinical

phenotype-genotype correlation. Jaruga A, Hordyjewska E, Kandzierski G, Tylzanowski P. Clin Genet. 2016

Nov;90(5):39z-ąoz and two experimental studies - Novel Mutation of the RUNX2 Gene in Patients with

Cleidocranial Dysplasia. Hordyjewska E, Jaruga A, Kandzierski G, Tylzanowski P, Mol Syndromo1.2O!7

Aug;8(5):253-260; Functional analysis of novel RUNX2 mutations identified in patients with cleidocranial

dysplasia. Hordyjewska-Kowalczyk E, Sowińska-Seidler A, Olech EM, Socha M, Glazar R, Kruczek A, Latos-Bieleńska
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A, Tylzanowski p, Jamsheer A. Clin Genet. 2019 Nov;96(5):a29-a38. #lV - clubfoot, including two

publications: a review - Genotype-phenotype correlation in clubfoot (talipes equinovarus). Hordyjewska-

Kowalczyk E, Nowosad K, Jamsheer A, Tylzanowski P. J Med Genet. 2022 Mar;59(3):209-2].9 and One

experimental manuscript - Novel variants associated with hereditary clubfoot. Hordyjewska-Kowalczyk E,

odrzywolski A, Verkerk A, van Meurs J, Kiełbus M, Kandzierski G, Tylzanowski P. - Manuscript in preparation. #V -
General discussion, #Vl - Future perspectives, and acknowledgments, abstract, references,

web-pa8e and software resources, appendix, list of abbreviations, and supplementary

materials.

At the beginning, the Author provided coherent information about the current

knowledge regarding the general principles in heredity, especially keeping an eye on mutations

in DNA that may lead to the diseases. First, she described allelic variations in the genetic

sequence that underlie the diversity between organisms, including Single Nucleotide Variants

(SNVs), small insertions, deletions, and structural variants as well as such variations as loss of

heterozygosity or uniparental disomy, linking all these variations with various disorders.

Variants affecting the coding sequence, which may exert a direct effect on the protein product

of the gene of interest did not escape her attention; she described missense, nonsense/

frameshifting, and silent mutations, Additionally, the Author provided an analysis of splicing

mutations, which may affect maturation of pre-mRNA. Finally, she paid attention to mutations

that are located in the regulatory DNA sequences, affecting promotor regions, and at the same

time possibly affecting the level of expression of particular genes/ underscoring the fact that

mutations in non-coding sequences could be deleterious as well. At the end of the general

introduction, the Author provided the reader with the issue of disease-causing variants as a

critical element in the study of the genotype-phenotype correlation, especially in the case of

pathogenicity assessment. She correlated phenotypic consequences of pathogenic variants

with the type of change, e.g. loss-of-function, gain-of-function, and dominant-negative effect,

providing numerous examples where she linked particular types of mutation with the disease-

phenotype outcome. Last but not least, the Author concentrated her attention on the primary

subject of the thesis, i,e. human hereditary skeletal diseases, especially focusing on the

genotype-phenotype correlation of two disorders: cleidocranial dysplasia (CCD) and clubfoot

(talipes equinovarus, TEV), She characterized CCD, stating that it is an autosomal dominant

disorder linked to mutations in the Runt-related transcription factor 2, encoded by the RUNXz

gene/ and showed that more than 200 mutations in RUNX2 have been linked to CCD. Next, she

characterized clubfoot, a complex foot malformation, indicating that the disease may be

caused by the malfunction of several potential gene candidates and also stating that the

molecular aspect of this disorder represents an open question. The introduction is well written,

showing that the Author has profound knowledge in the molecular aspects of genetic

variations underlying not only the basic genetic diversity between organisms but especially in

the aspect of genotype-phenotype correlations in regard to genetic disorders,

The first publication in the series of five included in the thesis published in Clinical

Genetics journal was authored by Jaruga A., Hordyjewska E,, Kandzierski G,, and Tylzanowski

p.: Cleidocranial dysplasia and RUNX2-clinical phenotype-genotype correlation. The
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involvement of the Author is significant, as she has 40% of contribution in comparison to the

first author with 45%, The review publication summarizes recent information about the RUNX2

gene and correlates mutations with phenotypic consequences in patients. The Runx2 protein

belongs to the family of RUNX transcription factors composed of RUNX #I, #2, and #3, and only
genetic perturbations with the gene coding for the Runx2 protein contribute to CCD. lnitially,

the Author described the genetic organization of the gene for Runx2, particularly the isoforms

and additionally the domain architecture of the protein. Next, the biological function of Runx2

was explored in connection to bone development, which requires spatiotemporal regulation of
the RUNX2 gene. Subsequently, the Author concentrated on animal models to study the Runx2

function, including mouse and zebrafish, stating that the models used provide useful

information about phenotypic aspects related to the RUNX2 genetic perturbations. The next

two chapters were devoted to the clinical symptoms associated with CCD, attention was

especially paid to the particular mutations within the RUNX2 gene responsible for CCD,

providing an exhaustive list of genetic variants listed in Table 1-, Finally, the genotype-

phenotype correlation issue was considered in order to explain the phenotype diversity in the
genetic background, as shown in Table2. The review was written in a very concise way,

providing readers with the most important issues regarding CCD; it should be underlined that,

in the publications, the Authors describe not only the state-of-the-art but also controversial

research aspects, directing readers to the unresolved issues and providing a roadmap for

future research. ln the context of this publication, l would like to admit that the publication is

highly clinically oriented; however, l would like to ask Ewa Hordyjewska-Kowalczyk about the

molecular aspect of the Runx2 protein and CCD. Namely, Runx2 is classified as a transcription

fact, thus it regulates the expression of various genes and at the same time the synthesis of
functional proteins; thus is it possible to define what kind of proteins are directly dependent on

Runx2 activity and whether it is possible to assign a specific metabolic pathway governed by

Runx2, like the MAP kinase pathway or others. An additional question that arises is related to

the 3D structure of Runx2, ln the publication, the Authors correlated the genetic variations

within the RUNX2 gene to CCD symptoms, but is it possible to correlate the CCD phenotype

with structural perturbations within the 3D structure of the Runx2? Since the protein is a

three-dimensional element, multidimensional analysis should be applied instead of a one-

dimensional genetic approach, which considers only the linear distribution of mutations.

The next two publications follow the review paper in terms of the subject and present

experimental work of the Candidate related to CCD and identification of genetic variants within

the RUNXZ gene. The first one authored by Hordyjewska E, Jaruga A, Kandzierski G,

Tylzanowski P, and entitled: Novel Mutation of the RUNX2 Gene in Patients with Cleidocranial

Dysplasia was published in Molecular Syndromology,2OI7,lt represents work with a dominant

role of the Author,i,e.7OYo. The work was done on the basis of genetic material obtained from

a family diagnosed with CCD. The genetic analysis showed that all the affected family members

carried a novel nonsense mutation c.532C>T (Q1ZSX1 in the RUNXz gene, yielding a truncated
protein with 177 amino acid residues, lacking part of the RHD domain. lt should be underlined

that the Author characterized the truncated Runx2 protein functionally, showing that the

ul. Akademicka 19, 20-033 Lublin, www,umcs,lublin.pl

te|: +48 B1 537 59 56, e-mail: marek,tchozewski@mail.umcs.pl

eĘ
c6

o
P
U)

T

... TJ{



protein lost its transactivation activity and is predominantly localized in the cytoplasm, The

information presented in the manuscript represents a significant contribution, extending our

knowledge about the molecular aspects of CCD. The question arises whether this change

corresponds to two or one variant of the gene.

The second publication follows the line of identification of genetic variants within CCD, The

workwas published in Clinical Genetics, 2OL9; it is entitled: Functional analysis of novel RUNXz

mutations identified in patients with cleidocranial dysplasia and was authored by Hordyjewska-

Kowalczyk E, Sowińska-Seidler A, Olech EM, Socha M, Glazar R, Kruczek A, Latos-Bieleńska A,

Tylzanowski P, Jamsheer A. with a significant contribution of the Candidate - 30% among the

nine co-authors. ln the course of study on the CCD genetic background, the Author analyzed

the coding sequence of the RUNXz gene in ]-]- unrelated patients; eight genetic variants that

may cause the pathogenic outcome were found, as listed in TABLE 2, The five changes were

either novel or functionally untested and were further functionally explored. Using an already

established experimental approach based on the transactivation potential, all tested variants

showed low transactivation activity, underscoring the fact that all mutations exert a negative

effect. Concurrently, the subcellular localization has shown that the protein is evenly

distributed in the cell, including cytoplasm, underscoring the fact of aberrant activity,

lmportantly, the Candidate performed structural modeling of the Runx2 protein including

changed amino acid residues, providingreaderswith a mechanistic model of the Runx2 protein

perturbations and explaining the molecular consequences of genetic variations. ln this respect,

l would like to ask: is it possible to include an element that represents the binding place for

DNA of Runx2 and thus analyze the DNA-Runx2 complex? Have you considered using a

molecular dynamic simulation - MD to extend the in silico analyses, which would allow building

the complete mechanistic-functio nal modus-operandi of the Runx2 at the molecular level?

The fourth and fifth publications belong to the second research path of the Candidate

related to the skeletal disorder - clubfoot (congenital talipes equinovarus, CTEV). The main

interest was focused on identification of mutations responsible for the clubfoot phenotype in

selected families and functional studies of these mutations. The first publication is a review

type of paper published in the Journal of Medical Genetics. lt is entitled: Genotype-phenotype

correlation in clubfoot (talipes equinovarus) and authored by Hordyjewska-Kowalczyk E,

Nowosad K, Jamsheer A, Tylzanowski P. The Candidate has a 'dominant positive' effect with

55% contribution, among the four co-authors. The publication provides readers with the latest

update about the molecular link between clubfoot and genetic variations, lnitially, the Author

classified and described the clinical presentation of clubfoot, providing a comprehensive

picture of this genetic disease, Subsequently, factors contributing to the disease were

considered, including external factors and predominantly the genetic issue. The Author

characterized the P|TX1-TBX4 regulatory axis, starting with early observations of genetic

variations within the PlTX1" gene through TBX4 and FLNB genes, muscle contracture genes/

apoptosis-related genes, and HOX genes, linking the mutations with clinical observations and

summarizing the data in Table 1_, Next, syndromes associated with clubfoot were characterized,

and it was stated that more than 200 syndromes have been associated with clubfoot
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deformation/ as summarized in Table 2 and 3, taking into account the genetic variations within
particular genes. The publication is concluded with two very informative figures, #1 and

especially #2, providing the research community with graphical representation of the state-of-

the-art regarding correlative studies on the phenotype-genotype link in clubfoot disease.

Considering the presented information, a question comes to my mind regarding the available

data that could help to characterize and describe the disease from the omics point of view.

Since on the so-called scientific market there are plenty of databases storing the big-data

arising from NSG analyses, are there any available genomic-transcriptomic and proteomic data

that could be used for characterization of clubfoot on the omics-scale?

The fifth presented publication is the 'manuscript in preparation' entitled: Novel variants

associated with hereditary clubfoot authored by Hordyjewska-Kowalczyk E, Odrzywolski A,

Verkerk A, van Meurs J, Kiełbus M, Kandzierski G, Tylzanowski P. The Candidate is the first

author, indicating that she is responsible for the majority of the work. The manuscript shows

experimental data concerning genetic analysis of eight families with clubfoot, giving a unique

opportunity to explore the genetics of the disease. The Author tested seven families, which

showed an autosomal dominant clubfoot inheritance pattern, two included non-penetrant
patients (F1, F8) and one manifested arthrogrypotic hand deformation. For the analysis,

multiple techniques and approaches were used, e.g. SNP array, whole-exome and -genome

sequencing, linkage, and HST analysis. The analysis yielded very novel information in the form

of identification of two main genetic variants rs557938129 and rsL219\3621", which are

located in the TMEM256 and MYH3 genes, respectively. The TMEM256 analysis showed that

the genetic alteration may lead to production of a truncated protein. On the other hand, the

identified variants within MYH3 rs72I9L3621 (NM_002470.4:c,It23G>A, p. Glu375Lys)

showed that mutation Glu375Lys is located in the conserved position of the myosin head -the
motor domain; thus, the presence of Lys might disturb the integrity of the domain and block

the function - would be appropriate to perform modeling and MD simulation. Additionally,

using WGS analysis, the new variant of the TPMZ gene was identified in family 4, and the

variation is localized in the third exon and introduces a missense change in the protein

p.(Arg10lTrp), ln the course of the further study, based on the data obtained from family 8,

the new clubfoot candidate LAM84 gene was also proposed. The WGS analysis showed

fragment duplication within the intron ]-0 and exon j-]., The Author predicted that this variation

may alter the splicing and at the sąme time may generate an aberrant protein, Additionally,

the Author undertook other genotype analyses ofthe TBX4 and P|TX1 genes and the SNP array

approach; however, no concise information was obtained, indicating that the molecular

background of clubfoot represents a very complex genetic phenomenon. Thus, it should be

noted that, by applying very modern analyses, especially for whole genome sequencing, the

Author was able to significantly contribute to the understanding of the genotype-phenotype

correlation in clubfoot, providing information about three novel candidate genes TMEM256,

TPMZ, and LAM84. However, the genome sequencing analysis may give so-called static data,

namely the genetic variations may not always exert a negative effect; sometimes, small

undetected changes may cause significant metabolic perturbations within the functional part
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of the genetic information, namely the transcriptiome and proteome; thus, did the Candidate

consider the possibility to extend those analyses to more functional approaches, such as

RNAseq or especially RlBOseq coupled with proteomics using animal models? Or maybe there

are some RNAseq/proteomics data that could be correlated with genomic sequencing.

Concluding, Ewa Hordyjewska-Kowalczyk has provided an important insight into the

correlative studies to reveal connections between the phenotype and genotype of the two

genetic diseases, cleidocranial dysplasia (CCD) and clubfoot. The genetic analysis of the families

with CCD allowed her to report new genetic variants of the RUNXZ gene/ enriching our

knowledge about the molecular aspects of CCD. Additionally, applying the whole genome

sequencing with bioinformatic analysis, the Candidate was able to identify novel genes within

genetic variations, laying the foundation for better understanding of the complex etiology of

clubfoot, suggesting the cytoskeleton-related clubfoot origin, lt should be underlined that the

Candidate not only identified new genetic variations but also, which is very important, verified

some of the discovered phenomena experimentally, providing solid and reliable data that can

be successfully used for further study. At the end of her thesis, she provided discussion

summarizing her discovery in the context of the current knowledge in a professional way.

Furthermore, she is ending the dissertation with the sections: future perspectives, which is not

an obvious chapter that can be found in theses, showing her scientific vision for further study

and determination in pursuing her research exploration.

Final conclusion The thesis submitted for evaluation presents high quality research with a

clearly defined scientific problem. Ewa Hordyjewska-Kowalczyk applied numerous

sophisticated analyses, especially the next-generation sequencing technology, enriching our

knowledge about the molecular aspects of the genetic diseases. The thesis is well written and

is hishly focused on the problem, showing that the Author has high capability and research

skills. Additionally, the information provided in the introduction, discussion, and future

perspectives along with the included publications unequivocally indicates that the Author has

profound knowledge and is able to interpret the data and build a general biological picture in a

very professional way, taking us beyond the current state-of-the-art, at the same time

formulating her own view.

The doctoral dissertation meets the conditions specified in Art, 1-3 of the Act of March

74,2oo3 on academic degrees and titles in science and arts (Journal of Laws 2OI7, item 1789

as amended). Therefore, l recommend that the Faculty of Medicine, Medical University of

Lublin admit Ewa Hordyjewska-Kowalczyk for the subsequent stages of the doctoral

proceedings.

t recommend that the research effort made by the Doctoral Student should be

awarded appropriately.

Lublin 17.t0.2O22 Prof. dr hab, Marek Tchórzewski
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