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Mission Statement

* Promote awareness of Rothmund-Thomson Syndrome and
related syndromes to the general public and to healthcare
professionals

* Provide education and support to affected families worldwide

* Provide education to healthcare professionals who may
encounter patients affected with these disorders

* Promote research aimed at understanding the molecular and
cellular basis of RTS and the clinical manifestations

* Raise funds through events and contributions that will support
the overall efforts of the group



|deas for Future RTS Webinars

* Coping with a rare disease during the COVID
pandemic

* Dermatology challenges with Dr. Moise Levy

* The differences between Type 1 and Type 2 RTS
and genetic testing

* Orthopedic issues and challenges
* Cancer concerns, monitoring and treatment
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TSF Medical Advisory and Board Members

* RTS Foundation Board
- John Kimmel, Chair
- Laurie Sperou, Vice-Chair
- Shelley Sanders, Treasurer
- Ta-Tara Rideau, Secretary
- Emil Zakutny, D.S.W
- Sheila Townsend

* Medical Advisory Board
- Lisa Wang, MD (Pediatric Oncology)
- Moise Levy, MD (Pediatric Dermatology)
- Carol Clericuzio, MD (Genetics)
- Caroline Brain, MD (Pediatric Endocrinology)
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1st RTS “Sharing and Caring”

Conference

October 17-19, 2007
Houston, TX

* Day 1: Educational Lectures
— Genetics of RTS (Sharon E. Plon, MD, PhD)
— Dermatologic Manifestations of RTS (Mo Levy, MD)
— RTS and Bone Disease (Lisa L. Wang, MD)
— Radiologic Findings in RTS (Amy Mehollin-Ray, MD)
— Sharing and Caring Session—Families

* Day 2:
— RTS Support Group Planning




1st RTS Conference 2007
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Outline

* History of RTS and RTS Research
* Milestones in RTS Research

* Current and Future Goals



History of RTS

* 1868: Auguste Rothmund first described the
characteristic rash and cataracts in inbred
Austrian families

A. Drexel

* 1923: M. Sydney Thomson described the
rash and skeletal anomalies in sisters;
coined term “poikiloderma congenitale”




° 1_957: William Taylor united the two
9|sorders, proposed eponym
Rothmund-Thomson Syndrome”

Rothmund’s Syndrome—Thomson’s Syndrome
Congenital Poikiloderma With or Without Juvenile Cataracts

A Review of the Literature,

WILLIAM B, TAYLOR, M.D., Ann Arbor, Mich.

In 1868, in the ophthalmologic clinic at
Munich, August Rothmund * saw a 5-year-
old boy with a cataract in one eye, and a
peculiar marmorization of the skin. Several
weelss later a cataract developed in the other
eye. Two other children living in the same
isolated area in the Bavarian Alps were seen
with cataracts and the peculiar “degenera-
tion” of the skin. Because the parents as-

Report of a Case, and Discus.
Relationship of the Two S, yndromes L

L L Avnen i thae

related since intermarriage:
Rothmund found an affected £
village. e

The brothers, Wolfgang Drexel 0¥
berg and Lukas Drexel of Hirscheckyw
unaffected (Chart). Their mothe i
characteristic skin changes but not catd
This fact is reported in Rothmund’s

Thannhauser’s 14 texts, but is not sho
- i mnmmardad har QPFfF

Taylor WB, AMA Arch Dermatol;75:236-244 (1957)



How we got started

Patient diagnosed with osteosarcoma (OS) in
1999

Also carried diagnosis of Rothmund-Thomson
Syndrome (RTS)

Sister also had RTS and died of metastatic OS

QUESTION: Is there any link between these
two rare diseases?



History of Baylor College of
Medicine (BCM) RTS Study

* First IRB Protocol

—H-7207: “The Molecular Basis of Familial
Cancer Predisposition Syndromes”

— Includes subjects with RTS and other disorders
— Includes family members

— First subject enrolled 01/19/1999

— Yearly recontact letters

* Second IRB Protocol approved 08/22/2000
—H-9106: “The Molecular Basis and Clinical
Spectrum of Rothmund-Thomson Syndrome”



History of BCM RTS Study

* General Clinical Research Center (GCRC)
Study approved 09/20/2000

— Includes subjects with a diagnosis of RTS
— First subject enrolled 07/25/2001
— 36 subjects enrolled - came to Texas Children’s Hospital

— Comprehensive evaluation including Genetics, Dermatology,
Ophthalmology, Oncology, labs, skeletal surveys

» With these protocols approved and in place, we could
begin to collect medical information and biologic samples
to start generating data.



. Defining the syndrome

American Journal of Medical Geneties 102:11-17 (2001)

Clinical Manifestations in a Cohort of
41 Rothmund-Thomson Syndrome Patients

Lisa L. Wang,"' Moise L. Levy,"” Richard A. Lewis,"** Murali M. Chintagumpala, Dorit Lev,’

Maureen Ro g‘ers,6 and Sharon E. Plon'**

Department of Pediatrics, Baylor College of Medicine, Houston, Texas

“Department of Dermatology, Baylor College of Medicine, Houston, Texas

“Department of Molecular and Human Geneties, Baylor College of Medicine, Houston, Texas
“Department of Ophthalmology, Baylor College of Medicine, Houston, Texas

“Institute of Medical Genetics, Wolfson Medical Center, Holon, Israel

SChildren’s Hospital Medical Centre, Westmead NSW, Australia

Rothmund-Thomson syndrome (RTS) is a
rare autosomal recessive genodermatosis
characterized by a poikilodermatous rash
starting in infancy, small stature, skeletal
abnormalities, juvenile cataracts, and pre-
disposition to specific cancers. We have
identified a contemporary cohort of 41
patients to better define the clinical profile,
diagnostic criteria, and management of
patients with RTS. Patients with the diag-
nosis of RTS were ascertained by referrals
from dermatology, ophthalmology, genetics,
and oncology or from direct contact with the
patient’s family., Medical information was
obtained from interviews with physicians,
patients, and their parents and a review of
medical records. The age range at ascertain-
ment was 9 months to 42 years (28 males and
13 females; M:F, 2:1). All subjects displayed a
characteristic rash. Thirteen subjects had
osteosarcoma (0S) (32%), eight had radial
defects (20%), seven had gastrointestinal
findings (17%), two had cataracts (6%), and
one had skin cancer (2%). Twenty-two of 28
patients without OS were less than 15 years
old and thus remain at significant risk for
this tumor. This case-series study reveals a
clinical profile of RTS that includes a higher
prevalence of OS and fewer cataracts, com-

frequency of clinical anomalies in a con-
temporary cohort of RTS patients and
revises guidelines for diagnosis and man-
agement of RTS. © 2001 Wiley-Liss, Ine.

KEY WORDS: cancer; cataract; chromoso-
mal instability; genetics;

osteosarcoma; poikilo-
derma; radial ray defect;
rash

INTRODUCTION

Rothmund-Thomson syndrome (RTS) (OMIM
268400) is a rare autosomal recessive disorder first
deseribed in 1868 by German ophthalmologist Auguste
Rothmund in inbred family members who had a
peculiar rash and bilateral juvenile cataracts [Roth-
mund, 1868]. Sydney Thomson, a British dermatolo-
gist, coined the term “poikiloderma congenitale” in
1923 for patients with a similar rash and skeletal
anomalies, but no cataracts [Thomson, 1923]. In 1957,
William Taylor suggested that the two disorders
were the same and proposed the combined eponym
Rothmund-Thomson syndrome [Taylor, 1957].

RTS is characterized primarily by a sun-sensitive
rash that usually begins between 3 and 6 months, but
may appear soon after birth or as late as 2 years. The

2001



Summary of Clinical Findings in 41 RTS Subjects
Baylor College of Medicine Study

Rash 41/41 100%
Small stature 25/38 66%
Skeletal dysplasia 15/20 75%
Radial ray defect 8/40 20%
Sparse scalp hair 15/30 50%
Sparse brows/lashes 19/26 73%
Cataracts 2/32 6%

Skin cancer 1/41 2%

Osteosarcoma 13/41 32%

Wang et al (2001) Am J Med Genet; 102:11-17



Clinical Diagnostic Criteria for RTS

DEFINITE RTS

*Characteristic rash with or without other features:

— Acute phase: Begins in infancy (usually 3-6
months) as erythemal/blisters on cheeks,
often sun-sensitive, spreads to extensor
surfaces of extremities, buttocks

— Chronic phase: Poikiloderma consisting of
reticulated hypo- and hyper-pigmentation,
atrophy, telangiectases

Wang et al (2001) Am J Med Genet; 102:11-17



Clinical Diagnostic Criteria for RTS

PROBABLE RTS

*Atypical rash plus two or more features of RTS

Positive family history of
RTS
Osteosarcoma

Skin malignancy
Radial ray defect
Other skeletal dysplasias
Juvenile cataract

Small stature

Sparse scalp hair

* Sparse brows and/or
lashes

Dental abnormalities

Nail abnormalities

Wang et al (2001) Am J Med Genet; 102:11-17



Genetic Basis of RTS

* When we started our research,
the cause of RTS was unknown.

* |t was known to be an inherited
disorder and transmitted in an
autosomal recessive pattern.

* In 1999, a gene for RTS was
discovered.
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2: Finding the cause of RTS

Kitao et al. (1999) Nature Genetics; 22:

82-84

letter

Mutations in RECQL4 cause a subset of cases of
Rothmund-Thomson syndrome

Saori Kitao!, Akira Shimamoto!, Makoto Goto?, Robert W. Miller?, William A. Smithson?,

Noralane M. Lindor* & Yasuhiro Furuichil

Rothmund-Thomson syndrome (RTS; also known as poikilo-
derma congenitale} is a rare, autosomal recessive genetic disor-
der characterized by abnormalities in skin and skeleton,
juvenile cataracts, premature ageing and a predisposition to
Cvtogenetic studies indicate that cells from

The coding sequence of RECQLA4, consisting of 3,627 bases and
encoding a protein with 1,208 amino acids, has been pub-
lished!®;.exon and intron junctions have also recently been
identified (unpublished data). We amplified all exon regions of
RECOI4 fram narients hv PCR and caomnared their seanencec

- 3 out of 7 RTS cases had mutations in RECQL4



3: Sequence RTS patients to see how
many have mutations in RECQL4

BAYLOR

GENETICS

* Mutation testing
done initially in
the lab as part of
research

* Helped to
develop a clinical
test for RTS

* Now widely
available in the
U.S.

Houston, Texas

Home

Testing Available
About Us

Billing

Shipping Information
Training Programs
Resources

Add-on Test

Cancel Test

Contact BMGL

Medical Genetics Laboratories

>*BCM Home >BCM Centers >BCM Departments >Find a BCM person >Giving

Medical Genetics Test Details

“View Custom Req | Tests in Custom Req: 0

Search Tests: (Search by disease, test name, gene name, test code, or keyword. Return to test index_)

( ][Search| Browse: #ABCDEFGHIJKLMNOPQRSTUVWXYZ

The American Medical Association (AMA) Current Frocedural Terminology (CFT) codes and Healfhcare
Common Procedure Coding System {HCPCS) codes listed, are provided for informalional purposes only. The
codes reflect our inferpretation of CFT/HCFPCS coding requirements based upon AMA guidelines published
annually. CFT/HCFCE codes are provided only as guidance to assist clients with billing. Baylor Genetics
strongly recommends that clients confirm CPT/HCPCS codes with their Medicare Administrative Contractor
(MAC) or other payer being billed, a5 requirements may differ. CFT coding is the sole responsibility of the billing
party. Baylor Genelics assumes no responsibility for billing errors due fo reliance on the CPT codes listed.
Flease direct any questions regarding CPT coding fo the payer being billed.

RECQL4 - Related Disorders tests available. h

Baller-Gerold Syndrome | Rapadilino Syndrome | Rothmund-Thomson Syndrome _

(Click the blue dot to view test details. Red dot = current test.)

Diagnostic MutaFt?on:l:'l\ll’aalriant Mutation Testing Prenatal Presymptomatic
Testing : General Population Diagnosis Testing
Analysis
Seqguence
Analysis



Characterizing di
, g different
mutation types in RTS RECQL4

Am. J. Hum- Genet. 71 165-167, 2002

Report

Intron-Size Constraint as @ Mutatlonal Mechanism
i Rothmund-Thomson Syndrome

Lisa L. Wang,' Kim Worley,”* Anu Gannavarapu,’ Murali M. ('_'hima{;_?,urr’q)a‘le.,1
Moise L. Levy,"” and Sharon E. Plon"”

Departments of 'Pediatrics, Molecular and Human Genetics, and *Dermatology and the ‘Human Genome Sequent ing Center, Baylor
College of medicine, Houston

Rothmund-Thomson syndrome (RTS) is an autosomal recessive disorder caused by deleterious mutations in the
RECQOLA4 gene on chromosome 8- The RECQIL# gen¢ structure is unusual becaus¢ it contains many gmall introns
<100 bp. We describe a proband with RTS who has a novel 11-bp intronic deletion, and we show that this mutation
results in a 66-bp intron 100 small for proper splicing. Constraint on intron size may represent a general mutational
mechanism, since human-genome analysis reveals that ~15% of genes have introns <100 bp and are therefore
susceptible to gize constraint. Thus, monitoring of intron size may allow detection of mutations missed by exon-
by-exon approaches.

: I\N/Iutation testing can be tricky
. MZicei to examine intronic regions
sure proper test is performed

2002



4: Determining if RECQL4 mutations
correlate with other features of RTS:

Osteosarcoma

Association Between Osteosarcoma and Deleterious
Mutations in the RECQL4 Gene in Rothmund-

Thomson Syndrome

Lisa L. Wang, Anu Gannavarapu, Claudia A. Kozinetz, Moise L. Levy,
Richard A. Lewis, Murali M. Chintagumpala, Ramon Ruiz-Maldanado,
Jose Contreras-Ruiz, Christopher Cunniff, Robert P. Erickson, Dorit Lev,

Maureen Rogers, Elaine H. Zackai, Sharon E. Plon

Background: Rothmund-Thomson syndrome (RTS) is an
autosomal recessive disorder associated with an increased
predisposition to osteosarcoma. Children with RTS typically
present with a characteristic skin rash (poikiloderma), small
stature, and skeletal dysplasias. Mutations in the RECQL4
gene, which encodes a Rec) DNA helicase, have been re-
ported in a few RTS patients. We examined whether a pre-
disposition to developing osteosarcoma among an interna-
tional cohort of RTS patients was associated with a
distinctive pattern of mutations in the RECQL4 gene. Meth-
ods: We obtained clinical information about and biologic
samples from 33 RTS patients (age range = 1-30 years).
Eleven patients were diagnosed with osteosarcoma. All 21
exons and 13 short introns of the RECQLA gene were se-
quenced from the genomic DNA of all subjects. Kaplan—
Meier survival analysis was used to estimate the incidence of
osteosarcoma among patients with and without mutations
predicted to produce a truncated RECQL4 protein. Results:
Twenty-three RTS patients, including all 11 osteosarcoma
patients, carried at least one of 19 truncating mutations in
their RECQL4 genes. The incidence of osteosarcoma was
0.00 per year in truncating mutation-negative patients (100
person-years of observation) and 0.05 per year in truncating
mutation-positive patients (230 person-years of observation)
(P = .037; two-sided log-rank test). Conclusions: Mutations
predicted to result in the loss of RECQL4 protein function
occurred in approximately two-thirds of RTS patients and
are associated with risk of osteosarcoma. Molecular diagno-
sis has the potential to identify those children with RTS who
are at high risk of this cancer. [J Natl Cancer Inst 2003:95:
669-74]

eral juvenile cataracts. However, evaluation of an international
cohort of 41 RTS probands revealed a different clinical profile,
which included a prevalence of osteosarcoma at approximately
0.30 {2). Currently no clinical or molecular marker predicts
which RTS patients will develop osteosarcoma, a malignancy
that carries a substantial mortality rate despite available surgery
and chemotherapy (5).

In 1999, Kitao et al. (6) used a pure candidate gene approach
to show that mutations in the RECQL4 gene, which is located on
human chromosome 8q24.3, occurred in two of the six RTS
kindreds they examined. The RECQL4 protein belongs to the
RecQ family of DNA helicases, which includes proteins en-
coded by genes that are disrupted in Bloom syndrome and
Wemer syndrome, two clinically related cancer predisposition
syndromes (7). DNA helicases are enzymes that unwind DNA
and are involved in many basic cellular processes: interruption
of their functions may reduce genomic stability and thus con-
tribute to twmorigenesis (8,9). No complementation or linkage
studies have been reported that might indicate whether muta-
tions in more than one gene (termed genetic heterogeneity) are
responsible for RTS, and no studies of RECQL4 gene mutations
in sporadic osteosarcoma have been reported. We performed
comprehensive DNA sequence analysis of the RECQL4 gene
from 33 RTS patients to examine the spectrum of RECQL4
mutations in RTS and to assess whether RTS patients with
osteosarcoma have a distinctive pattern of mutation.

Affiliations of authors: L. L. Wang, A. Gannavarapu, M. M. Chintagumpala
(Texas Children’s Cancer Center and Department of Pediatrics), C. A. Kozinetz
(Department of Pediatrics), M. L. Levy (Depariments of Pediatrics and Derma-
tology), R. A. Lewis (Departments of Pediatrics, Ophthalmelogy, and Molecular
and Human Genetics), Baylor College of Medicine, Houston, TX: R. R. Mal-
danado, Department of Dermatology, National University of Mexico, Mexico

2003



RECQL4 mutation status and OS in RTS

OS onset probability

1.0

0.8

0.6

0.2 0.4

0.0

p=.000007

3

E’ECOLLI Mutatilon Positive (n=53) 4= Type 2 RTS:
' RECQL4 mutations

Increased risk of OS
compared to Type 1

RECQL4 Mutation Negative (n=41) 4 Type 1 RTS:

I ahnie nE LR EPEE Ao -+ No RECQL4 mutations

Ages in years

Lu, Adv Exp Med Biol 2014



4: Determining i

ning if RECQL4 -

correlate with other featuresnc])L;tI:a{E:'OSrTS
Skeletal defects |

* Skeletal defe
. cts correlate wi
Skeletal surveys are useful ith RECQL4 mutations

phic Abnormalities in

d-Thomson Syndrome an
e Correlation

Status

Radiogra

Rothmun
Genotype—Phenotyp

with RECQL4 Mutation

raphic ckeletal find

Amy R. Mehollin -Ray' OBJECTIVE. The purpose of this study was 1@ sumuparize the radiog
Claudia A. Kozinetz’ ings in patients with Rothmund-Thomsen syndrome (RTS) and 10 determine whether there 15
Alan E. schyesmgef‘- an association betweet {he presence of skeletal abnormalities and the mutational status of the
R. Paul Guillerman RECQL4 gen® _ . :
Lisa L. Wan g SUBJECTS AN D METHODS. Twenty-eight subjects with RTS underwent skeletal sur-
veys and RECQL4 DA mutation testing. Radiographs Wwere reviewed by tWo radiologists.
RECQL4 mutation festing by DNA sequencing of the gene was pvrfcm;ed\w a diagnostic labo-
ratory. Gmot_\-‘pe—-phetmt}'pe analysis Y Fisher’s exact test was pmforme&to investigate wheth-
er there was @ correlation befween mutation status and skeletal abnormalifies.
RESULTS. Twenty ane (75%0) of the subjects had at least one sigmficant ckeletal abuor-
mality, the mOre common being abnormal metuphysenl trabeculation, bracln‘mesnp'mmug'y,
thumb aplasia oF hypoplasid, pstenpentd dislocation of the radial head, radial aplasia of y-
Keywords: bone sbnormelity, RECQLE mutation, poplasia, and patellar ossification defects. Three subjects had a history of destructive bone
nﬂthmund-ThumsDnS\mdmma_skelma] dysplasia fesion [mtensarcuma‘i Geunwp&-pheuntype analysts chowed a significant correlation be-
tween RECOL4 mutational status and the presence of skeletal abnormalities (7 = 0.0001)-
DOIA02Z14(AIR 073613 CONCLUSIDN. skeletal abnormalities are frequent in persons with RTS. Many of these
Apceived JanuaryB.2 08 acceptedafter VSO0 abnormalities are not clinically apparent but ar der_er'table on radiographs The presence of skel-
Fabruary 20,2008, etal abnormalities correlates with RECOL4 kation status. which has beet found to correlate
with sk of ostegsafcoma Sheletal Surveys aid in both d1agnoss and management of RTS.
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5. Managing osteosarcoma in RTS
patients

l

* Overall, OSin RTS is
similar to OS in

general population.

VOLUME 26 - HUMBER 4 - FEBRUARY 1 2007

JOURNAL OF CLINICAL ONCOLOGY

Clinicopathologic Features of Osteosarcoma in Patients .
with Rothmund-Thomson Syndrome In general, patients

M. John Hicks, Jill R. Roth, Claudia A. Kozinetz, and Lisa L. Wang to I e rat
e treatment

From the Baylor Coliege of Medicma, A B s T R A c T

Houston, TX f .

Submitted August 12, 2006; acceptod PIIIPDSE a I rly Wel I .
Maveember 15, 2008 Patients with Rothmund-Thomson syndrome (RTS) and RECOL4 gene mutations have an increased

Sumported by NIF-NICHD KOSHD42138, risk of developing osteosarcoma {0S). Because RTS is considered 2 genomic instability syndrome,

the Doris Duke Charitsble Foundation patients may exparence increased toxicity with chemotherapy. The purpose of this study was 10

= ; X ¢ . ; ° ol o]
Chmical Scientist Developmant Award, summanze the clinical features and response +o therapy of OS in patients with RTS. The results of this leﬁ Cu It to p re d |Ct a

NIH-AROODY [ECM-Ge Slin = o 3 ; ! :
; :é__:?i:g: j:_‘f‘an i el analysis will help to define treatment guidelines for this complex and rare condition.

HIH-HDE24064 (BCMH-Menial Retarda: Patients and Methods p rioril res po nse t
tion Developmental Disshilities An international cohort of patients with RTS and QS was enrolled in an institutional review )
Regestch Center, Tissue Cuture Core board—approved study at Baylor College of Medicine (Houston, TX). Medical records were thera
Authars” disclosures of potential con reviewed, and the following information was axtracted: clinical teatures, treatment, pa‘[ho1ogic py
flicts of interast and authar contribu- f'lndingﬁ, and c'linical outcome.
sions are found at the and of this
= e diagnosis of 0S for the 12 pati 0 years. Th '
Sy i = median age at diagnosis o or the 12 patients was 10 years, The most commeon primary @
f::; i.,r;'.j'—:a;,f;:::,_t::'CQ,,L;_,. tumor sites were the long bones (femur, tipial; the most frequent histologic subtype was DO not decrease
Center, Baylor College af Medicine, conventional OS. Histologic response 1@ chemotherapy and outcome Were similar to other
&521 Fennin MC 3:3320, Houston, T published large series of sporadic OS. Eight patients are glive and disease free; fourdied as a result d oses u p fr‘o nt
7030; e-rmail: Iwang@bcm.ime.ad. of cancer. Five pafients required chemotherapy dose modifications, maost cornmenly due 10 :
@ 2007 by American SoCETY of Climcal mucositis from dO}".DrUb'ICill'L.
i Conclusion
07321 B3N/O7(2504-370/20.00 Qur results indicate that patients with RTS and 0S are younger, put that their clinical behavior is
DO 10.1200/1C0 2006.08.4558 similar to patients with sporadic 0S. Our report suggests that these patients should initially be
treated with conventional doses of chemotherapy as prescribed by current protocols. however,
2007 cautious and careful clinical observation s warranied to monitor for enhanced doxorubicin
sensitivity in patients with RTS.

7/——7_______————7,/
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6: Are RTS patients more sensitive to
| DNA-damaging agents?

ORIGINAL INVESTIGATION

Sensitivity of RECQL4-deﬁcient fibroblasts from
Rothmund—-Thomson syndrome patients t, genotoxic agents

Weidong Jip - Hao Liu - Yiqun Zhang -
Subhendy K, Otta - Sharop E. Plon - Ljsy L. Wang

Received: § April 2008 / Accepled: 19 May 2008
@ Spl‘ingcr—Vcrl:tg 2008

Abstract RECQ helicase protein-like 4 (RECQL4) js function of the RECQL4 protein. Our resylts show that pri-
member of the human RECQ family of pNA helicases. mary fibroblasts from RTS patients CATYING two deleteri-
Two-thirds of patients wigp Ro{J'mumal—Thmn\cm Syndrome gy RECOI4 Mutations, compared 1o wilg type (WT)
!RTS}uau'rﬂx-' biallelje in;]c[ivuling Mutations in the RECQI4 fibroblasts, haye Increased sensitivity to HyJ. CPT, and
gene. RTS js ap autosomal recessjye disorder characterized doxorubicin (DOX), modest Sensilivity 1o other DN A dam-

by poikiloderma, Sparse hair, small stature, skeletal abpoy- aging agents including ultraviolet (V) irradiatjon, 1onizing
malities, cataracys, and an increased pigk of cancer. Myta- radiation (IR), ang csplatin (CDDP), gpq relative regjs-

ons in two other RECQ helicases, B M and WRN. are tance o 4NQO. The RECQ family of DN helicases hag
fesponsible for the capcer predisposition conditions Bloom been implicateq m the regulation of DNA replication,
and Werner syndromes, respectively., Previoys Studies have recombination, apg repair. Becayse HU, CPT. and DOX
shown that BLM and WRN-deficien; cells demonstrage exert their effects primarily during S phase, these resulis
increased sensitin ity to hydroxyurea (HU), camptothecin SUPPOIt a greater role for (he RECQLA protein in DNA rep-
(CPT), and 4-nitroquinoline l-oxide (4NQO). Little s lication as opposed mrepuirnf‘cxngcnuu.x damage,

Implications for:
o Sun protection (UV)

' ncer
. ' tests, screening for ca
saedc;(i)(lggr{ of side effects from cancer treatment 2008
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RECQL4 Spectrum of Disorders

RTS

* Cataracts
* Dental abnormalities
* Nail abnormalities

* Hyperkeratosis
* Skin cancers

\

* Poikiloderma * Radial ray defects

* Craniosynostosis
* Sparse hair

* Small stature
* Juvenile diarrhea
* Facial dysmorphism

* Osteosarcoma

* Anus anteposition * Joint

* Patellar abnormalities

dislocation
* Lymphoma J

/| BGS [ ™\

* Palate abnormalities

RAPADILINO

Diagram showing overlapping and unique clinical features of the RECQL4 —associated
disorders. Osteosarcomas and lymphomas have been described in both RTS and
RAPADILINO, but osteosarcomas predominate in RTS, while lymphomas are more
common in RAPADILINO. There has been only one case of lymphoma reported in a
patient with BGS.



History of BCM
RTS Study

* Third IRB Protocol approved 10/11/2007
—H-21708: “The Molecular Basis of Rothmund-
Thomson Syndrome and Osteosarcoma™
current open protocol

* Clinical Research Center (CRC) Study
approved 11/2010

— “Evaluation of Calcium Absorption and Kinetics in
Patients with Rothmund-Thomson Syndrome”

— First subject enrolled in 2010
— 29 subjects enrolled



3: Modeling. RTS in the lab for basic
science research

_ JBMR

RECQL4 Regulates p53 Function In Vivo
During skeletogenesis

Linchao Lu,' Karine Harutyunyan,’ Weidong Jin,' Jianhong Wu,' Tao Yang,” Yuqing Chen**
Kyu Sang Joeng,® Yangjin Bae,’ Jianning Tao,’ Brian C Dawson,>** Ming-Ming Jiang,** Brendan Lee**
and Lisa L Wang'

Texas Children’s Cancer Center, Department of Pediatrics, Houston, TX, USA

2Center for Skeletal Diseases and Tumor Metastasis, Van Andel Research Institute, Grand Rapids, MI 49503, USA
3pepartment of Molecular and Human Genetics, Baylor College of Medicine, Houston, TX, USA

apoward Hughes Medical |nstitute, Houston, TX, USA

ABSTRACT

RECQ DNA helicases play critical roles in maintaining genomic stability, but their role in development has been less well studied.
Rothmund-Thomson syndrome, RAPADILINO, and Baller-Gerold syndrome aré rare genetic disorders caused by mutations in the
RECQL4 gene. These patients have significant skeletal developmental abnormalities including radial ray, limb and craniofacial
defects. To investigate the role of Recql4 in the developing skeletal system, we generated Recql4 conditional knockout mice
targeting the skeletal lineage. Inactivation of Recql4 using the Prx1-Cre transgene led to limb abnormalities and craniosynostosis
mimicking the major bone findings in human RECQL4 patients. These Pr)(I—CreJr,-.‘?f.'cc,uﬂifm mice as well as Coi2a]—Cre*;Recq!4"’" mice
exhibited growth plate defects and an increased p53 response in affected tissues. Inactivation of Trp53 in these Recql4 mutants

These mice with R
ecql4 mutations had
owever they d ad skeletal features simi ;
’ " imilar to R .
y did not develop osteosarcoma unless crossed with p;: sage'nts’
eficient mice

2015



9: Do RTS patients have altered bone
metabolism?

Human Molecular Genetics, 2017, Vol, 0,No.0 1-10

doi: 10. 1093/ hmg/ddx178
Advance Access Publication Date: o May 2017
Original Article

ORIGINAL ARTICLE
Generalized metabolic bone disease and fracture risk in
Rothmund-Thomson syndrome

Felicia Cao'?1, Linchao Lu', Steven A Abrams? Keli M. Hawthorne?,

Allison Tam?®, Weidong Jin®, Brian Dawson®, Roman Shypailo®, Hao Liu’,
Brendan Lee®, Sandesh C.s. Nagamani®®*and Lisa L. Wang>&+#
‘Interdepartmental Program in Translational Biology and Molecular Medicine, 2Medical Scientist Training
Program, *Department of Pediatrics, Section ofHematologyJGncology, Baylor College of Medicine, Houston, Tx
77030, UsA, ‘Department of Pediatrics, Dell Medical School at the University of Texas at Austin, Austin, TX
78712, USA, 5I.lre[.)arlzl'nm‘lt of Molecular and Human Genetics, ®USDA/ARS Children’s Nutrition Research Center,

Department of Pediatrics, "Division of Biostatistics, Dan L. Duncan Cancer Center, Baylor College of Medicine,|
Houston, TX, USA and ®Texas Children's Hospital, Houston, TX 77030, Usa

*Towhom comespondence should be addressed at: Texas Children's Cancer Center, Departmentof Pediatries Baylor College of Medicine, 1102 Bates, Suite
Z]LX],]luu-‘ou, TX 77030, USA. Tel B32 8244827; Fax; 3223.‘542»’6: Email: Uwazlj}@bcm_{:dl:

Abstract

sparse hair, skeletal abnormalities, increased risk of osteosarcoma, and decreased bone mass, Top date, there has notbeen a

comnrahaneira cunhiating of tha nraralanca and astant af matahalic hana dicasca in BTS Fartharmara tha marhanicme that

Some RTS patients have decreased bone mi'rg\eral g:)nsity
itori cans).
(osteoporosis) and may need monitoring (DXA s 5017



10: Finding a cause for Type 1 RTS

Please cite this article in press as: Ajeawung et al., Mutations in ANAPC1, Encoding a Scaffold Subunit of the Anaphase-Promoting Complex,
Cause Rothmund-Th..., The American Journal of Human Genetics (2019), https://doi.org/10.1016/j.ajhg.2019.06.011

REPORT

Mutations in ANAPCI, Encoding a Scaffold Subunit
of the Anaphase-Promoting Complex, Cause
Rothmund-Thomson Syndrome Type 1

Norbert I Ajeawung,.¢ Thi Tuyet Mai Nguyen,-® Linchao Lu,%¢ Thomas J. Kucharski,?
Justine Rousseau,! Sirinart Molidperee,! Joshua Atienza,! Isabel Gamache,! Weidong Jin,?
Sharon E. Plon,2# Brendan H. Lee,* Jose G. Teodoro,® Lisa L. Wang,2* and Philippe M. Campeaul.>*

1 Rothmund-Thomson syndrome (RTS) is an autosomal-recessive disorder characterized by poikiloderma, sparse hair, short stature, and
skeletal anomalies. Type 2 RTS, which is defined by the presence of bi-allelic mutations in RECQL4, is characterized by increased cancer
susceptibility and skeletal anomalies, whereas the genetic basis of R1S type 1, which is associated with juvenile cataracts, is unknown. We
studied ten individuals, from seven families, who had RTS type 1 and identified a deep intronic splicing mutation of the ANAPCI gene, a
component of the anaphase-promoting complex/cyclosome (APC/C), in all affected individuals, either in the homozygous state or in
trans with another mutation. Iibroblast studies showed that the intronic mutation causes the activation of a 95 bp pseudoexon, leading
to mRNAs with premature termination codons and nonsense-mediated decay, decreased ANAPCI1 protein levels, and prolongation of
interphase. Interestingly, mice that were heterozygous for a knockout mutation have an increased incidence of cataracts. Our results
demonstrate that deficiency in the APC/C is a cause of R1S type 1 and suggest a possible link between the APC/C and RECQL4 helicase
because both proteins are involved in DNA repair and replication.

Analysis of the clinical and molecular features of individ- ancestry. All individuals presented with classical RTS
uvals with Rothmund-Thomson syndrome (RTS [MIM: type 1 features, including poikiloderma, abnormal hair
268400]), including assessing the prevalence of osteosar- and nails, bilateral juvenile cataracts, and an absence of
coma and the mutational status of the RECQL4 gene RECQL4 mutations (see Table 1 and Figure 1A for photos
(MIM: 603780), resulted in the definition of two distinct and Figure 1B for pedigrees). Additional features in our

* Mutations in ANAPC1 identified in 10/18 subjects (7/14 families) with Type 1 RTS

2019
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Summary

Clinical characteristics

Rothmund-Thomson syndrome (RTS) is characterized by a rash that progresses to poikiloderma; sparse hair,
eyelashes, and/or eyebrows; small size; skeletal and dental abnormalities; juvenile cataracts; and an increased risk
for cancer, especially osteosarcoma. A variety of benign and malignant hematologic abnormalities have been
reported in affected individuals. The rash of RTS typically develops between ages three and six months
(occasionally as late as age two years) as erythema, swelling, and blistering on the face, subsequently spreading to
the buttocks and extremities. The rash evolves over months to years into the chronic pattern of reticulated hypo-
and hyperpigmentation, telangiectasias, and punctate atrophy (collectively known as poikiloderma) that persist
throughout life. Hyperkeratotic lesions occur in approximately one third of individuals. Skeletal abnormalities

ran inclinds radial vavr Aafocrte 11lnnar dafacte ahcant ar himanlactic natalla and Actannania
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What is on the horizon for RTS research?



What is Needed to Continue
Research on RTS?

- Researchers =—

 Patients and Families =

* Funding —_—

* Basic science research
* Clinical & translational

research

* |nfrastructure

* Registry - clinical

database; yearly
guestionnaires

* Biologic material for

laboratory studies

* Major funding —e.g.,

National Institutes of
Health (NIH)

* Foundation grants




RESEARCHERS

Academic medicine -Physician scientist
* 80% research effort — grants
* 20% clinical effort - see patients

Grants must pay for:

* Personnel — salaries including own
* Supplies

* Animal costs

* Maintenance of lab (liquid nitrogen,
. s CO2, glasswashing, etc.)



PATIENTS AND FAMILIES

RTS Registry

* Information entered into database
* Yearly recontact

* This will allow us to
— describe the natural history of RTS

— understand the full clinical
manifestations in RTS patients and
their relatives

— Identify areas of research study



Roadblocks to Federal Funding

* Limited resources — diminishing payline;
Covid-19 impact

* Fierce competition — more common
diseases, larger labs, PhD scientists

* The vicious cycle:

/ Funding \
Publications
Personnel
‘ salaries,
supplies
Submit grant —
6-9 month
rocess
P ¥~ Preliminary data




How Can We Sustain
Research on RTS?

- Researchers —

 Patients and Families ==

* Funding —

* Continue to submit grants

and conduct research

* Play an active role in

research!

* Fill out questionnaires and

provide clinical
information

* Provide biologic samples

when possible

* Local fundraisers to

support RTSF and RTS
research

* Facebook fundraisers
* Workplace, company

support




ROTHMUND
THOMSON

SYNDROME Challenges

01l NDAT

UNUAII

* Raising money to support clinical research
- Research is expensive
- Research dollars are limited and competitive, especially for rare diseases
- The Foundation needs to increase fundraising

* Building the patient registry and increasing the number of
families involved in clinical trials

- There have been tremendous advances, but there is much more to be done

* Fresh ideas, energetic members, renewed commitment
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