Dr Robat Steiner Team Profile
OHSU TIES 2007

Two teache's from Winterhaven School were fortunate to spend three weeks during July 2007involved
in the Teache Ingitute for the Experience of Science (TIES) program. A large part of ourtime was
spent observing and interacting with Dr. Robet Steiner, MD, and histeam at OHSU. Dr. Steiner isa
leader in theresearch and treatment of an inheited disease called Smith Lemli Optiz Syndrome (SLOS).

Thefollowingis aprofile of Dr. Robat Steiner and his team, referred to hereafter as the Steiner Team.
They gracioudy spent severa hours each day over aweek shaing thar valuable work with us We
appreciate ther time and efforts hdping usundestand Biomedical Research (BR).

Theapproach used hereisto compare the process of Scientific Inquiry (S1) to the process of asmall part
of the Steiner Team@ work, ther study of dietary cholesterol supplementationin SLOS paients. The S|
processis arequirement of the State of Oregonfor work samples doneby students each year.

Forming a Question or Hypothesis

Question: Do middle school student scientists work in a similar manne to Dr. Steiner@® SLOS
Biomedica Research Team?

Background: Scientific Inqury (Sl) isaprocess used to answer aquestion by gaheringdata. A
prescribed problem-solving process is given tha can beand, quite frequently, is used in many situgions
to solve even non-science problems. Sl is assessed, and therefore guded by, The Oregon Official
Scientific Inquiry Scoring Guide This Sl will be condructed with the benchmark 3 scoring guidein
mind. This scoring guideis used to assess sixth througheighth grade SIs. A copy of this scoring guide
isattached. Students are expected to score levels of 4 or highe to GneetOor GexceedObenchmark.

There arefour categoriesin an Sl, each with specific information given. Thisisasequential process, a
process with a specific order tha isnormally well labded and flows towardsaresult. Thecategories
and information are:

Forming a Question or Hypothesis
Question: A questionis asked tha can be answvered by performing an experiment in which
obsrvationsare recorded with theintent to find an answer.

BackgroundInformation: Relevant information tha the student scientist can gather is given and
discussed. This could bein theform of previousexperience, readingsfor reputeble resources,
preliminary tests or Gadvice.O

Hypothesis: Thehypohesisisa prediction of the answver to the question based on onecondition tha
will bechangad or manipulated. Thereforeif thereisachangein thecondtionandthereisachangein
the outcome, it should bedueto tha which was changed or manipulated.

These 3 categories should follow oneanother in alogica flow:
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1. Designing an Investigaion

Materids: All appaatus equipment, supplies and ingredients are given tha another student scientist
would need to gather in order to duplicate theinvestigation.

Procedure:.  Thestep taken by the student scientist tha arrived at theresult.

The esignCGeould read like arecipewith two lists. The materials are similar to therecipeingredients
and the procedure similar to theindructions Both categories are frequently given aslists.

2. Collecting and Presenting Data

DataTable: A well-organized and labded table or grid is condructed before thedaais collected. As
thedaais collected, thetable isfilled in.

Data Trandormation: Using thedaa from the daatable, adisplay is constructed tha reveals the data at
aglance. Thisusudly takestheform of agraph. Idedlly, paternsor trendsare appaent tha are
relevant to thehypothesis.

3. Andyzing and Interpreting Results

Summarize and Explain Results: Patternsand or trendsrevealed in the daatrandormation are
given. An explandion of the cause for this is attempted.

Limitationsand Sources of Error: A critiqueof theinvestigaion is given citing limitationd\ possible
conditionsor situaionstha caused theinvestigaor to have insufficient data to resolve the hypothesisN
and sources of errorN possible conditionsor situaionstha caused the collected data values to bewrong
or other than what they really were.

A common techniqueto minimize bath limitationsand sources of error isto do the procedure severd
times, called multipletrials.

Condusgon (Address Hypothesis):  Theorigind hypothesisisrestated. Thenit iseithe accepted if the
daasuppot thehypotesis, or rglected if the datado not suppot the hypothesis.

Biomedical Research (BR)

The process of biomedical research is very foreignto me. | sugect it has many of the same aspects of
an S, such as ahypotesis and some procedures, but |®n not certain if biomedical research is donein
specific steps asinan SI. | don®know how limitationsand sources of error are addressed but | would
sugpect they are.

Hypothesis: If thecategories of an Sl are compared to Dr. Steiner@ SL OS biomedical research, there
will benomore than 6 of 10tha will besmilar.



Steiner Team Profile
2007 OHSU TIES
Tom Bright

1. Designing the I nvestigation
Materials:
No specialized equipment or materias are required other than nomal student scientist materials;
lab notebook, pendl, computer, etc. It isexpected tha the Steiner Team will observe specialized
equipment and appaatusin use butit will notbethebasis for this comparison.

Procedure:

1. Meet with Dr. Steiner and his team to schedule times for visits to variousteam members and
procedures.

2. During meetings nate the procedures, data and results obtained by the Steiner Team Bour data

3. Wewill condruct and submit a questionnare to each of the Steine Team members. Thistool
may also shed light on other interesting aspects of team work and backgroundof Steiner Team
members.

4. Condrud atable of our daa and compare to the given description above.

a. Theorde of stepsisimportant. However oneor two dight changesin order within a
categotry are acceptable in Designing an Investigation or Andyzing and Interpreting
Results.

b. Labdingand names of categories and steps might be quite different. Samples of the
Steiner Team@ information will betabulated and categorized in Sl terms given
previoudy. No morethan oneof the parts of an individud Sl category patswill be
missing. Certain are congdered vital:

i. Question
ii. Hypothesis
iii. DataTrandormation
5. Evauae and explain each of thecompaisons
6. Important additiond aspects not addressed in Oregon Official Scientific Inquiry Scoring Guide
of the Steiner Team will beidentified and evaluated on an informal basis.
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2. Collecting and Presenting Data

Data:
An introdudive summary of Dr. Steiner@ team throughquestionnares, interviews, lab meetingsand
other experiences:

Dr. Robet Steing MD - Dr. Steiner was bom in Wisconsn and earned both his undegraduae

degree in microbiology and MD at University at Madison. He peformed hisresidency in Cinannai

and has hdd postionsof distinctionin St. Louis, Seattle, and now at OHSU
Q doresearch onrare diseases in children. We are tryingto learn more aboutrare diseases so we
can try to develop better treatments. My main research deals with a disorder called Smith Lemli
Opitz syndrome (SLOS). SLOS s aconditiontha caused birth defects and mental retardation.
It is caused by thebodylacking a protein (a specia type called an enzyme) tha normally hdps
make cholesterol. People with SLOS dor® have enoughcholesterol, so cells tha need
cholesterol don®work propely. Thereisno cureand notreatment. We study paientsto try to
develop treatments.O

Dr. Steine istheleader of theteam. Heisamog boyish in appearance and manne urtil he

discusses hiswork. Then thingsget serious Wedl call him the Gnan of many has.O He writes

grants and pgpe's, coordinaes lab work, treats paients and takes time to talk to schoolteachers.

Jean-Baptiste BORoullet Ph.D.DJIB isfrom Paris, France, where hewas trained as a Pharmacist
and Clinical Pathologist, induding training in Clinical Chemistry, Parasitology, Immunology,
Bacteriology & Hematology. JB earned theFrench equivalent of aPh.D. in Biochemistry. He has
now been at OHSU for about20 years.
QMy research is aboutis aboutthe chemistry of human cells. It is aboutfinding out howthe
human bodyworks.O
JB isaresearcher. Heisaways smiling and personable. Heisinvolved detailed research in many
fields Wedl call JB the Gocused thinker,Oa Gitrategist.O

Dr. William ConnorMDBDr. Connoris from Dubuque lowa and earned his bachd or@ degree and
MD fromtheUniversity of lowa His pog-graduae training and experience have taken Dr. Connor
from San Frandsco to Audraliato Oxford, England. Military Service duing WW Il sparked his
interest in science. During Dr. Connoi@ early private practice seeing patients with fat clogged
arteries cause an interest in heart research. Collaborating with hiswife, they published a cookbook
advocating alow fat, low cholesterol diet, called Orhe New American Diet.O
(Besides research in rare disease of cholesterol disorders, we are interested in nutritiond causes
of blindness in premature babies and in older adults. Our hypothesisistha the causes may well
bethedeiciency of lutein, which isthe color pigment of many flowers, fruits and vegetables.
Our hypothesisistha lutein from the diet protects theretinafrom light damage Saturated fat
and cholesterol may beinvolved in this situaion too in damaging theretina In premature
infants, thedisorder we are tryingto prevent is theretinopahy of prematurity, andin adults, age-
related macular degeneration, which causes blindnessin over amillion AmericansO
Dr. Connoris avoice of wisdomand experience. Wedl call him Qhe sage.O Dr. Connoroffers
specia ingpiration. He has been aroundtheblock and has quite special indghts and drive.
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AnuradhaPappu, Ph.D DOAnuOearned her dodorate in Biochemistry from University of Bombay,
India and has worked at Harvard and UC San Diego. Sheis an Assistant Research Professor.

Anu met with usto show usthedetails of her work. While we were nat able to obtain arespon® to
our questionnare from Anu, shewas very hdpful explaining the basic stepsin thebody3 synthesis
of cholesterol. Thebody starts with Acetyl CoA, acoenzyme or pat of achemical messenge for
cells. Acetyl CoA isproducd by usng oxygen obtained through breathing and compoundsoundin
foods Theninacomplex series of stepstha mog of usndthe undestand nor appreciate,
cholesterol isformed. Some of these stepsresult in other compoundstha are used in the
synthesizing cholesterol or other body processes. We will call these intermediate compounds |f
this series of stepsisinterrupted, cholesterol is nat produced and theintermediate compounds
accumulate in thebody. When an intermediate accumulation gets too high, it may damagethebody
resultingin SLOS.

Anulooksfor these intermediates in paient urine  ShetellsusQ only do urine O Shefindsthese
compoundsusng gas chromatography, a process tha involves careful procedures, sophisticated
equipment and a great deal of patience.

Anuis paient, persistent and relentless in her work. Wed call her Qireless toiler.O

Andrea Debarber, Ph.D BDr. Debarber is aso an Assistant Research Professor. We were fortunae
to view Dr. Debarber@ Iab and briefly hear of her individud project during the Steiner Team Lab
Meeting. Her lab makes use of an even more sophisticated form of chromatography than Anu@ lab.
Her own project involves usng existing newbom blood samples to screen for arare buttreatable
disease, CerebrotendinousXanthomatoss (CTX). This genetic disease is difficult to diagnos and
quite rare but results in multiple symptomsin adulthoodinduding mental retardation and disorders
assodated with aging. Dr. Debaber thinksshe may have foundasimpler, quicker and affordable
methodto diagnoss CTX in routinebloodtests to diagnos and treat before ont of these severe
symptoms appear. Curioudy, CTX isaso assodated with cholesterol.

Louise Merken, Ph.D. BAlthoughwe did not get to meet Dr. Merken during our experience with the
Steine Team, it is obvioustha sheis an important team member. Sheisfrom Urbana Illinois and
comes to OHSU throughRochester, New Y ork and Nashville, Tennessee.

Jennifer Penfield, MS BJennifer is aphysdcian@ assistant. She comesto OHSU throughOhio;
Rochester, New Y ork; and even Bosnia, Yugodavia. Jennifer earned her Masters of Science in
Phydcian Assistant Studies at Pacific University. Shehas an interesting background having been an
AFS foreign exchangestudent in Bosnia and eye bank technician in Rochester. Records data and
procedures are part of Jennifer@ responsbilities. Sheis the GaccountntOof the team.



Steiner Team Profile
2007 OHSU TIES
Tom Bright

Onearea of research of the Steiner Team is using GCholesterol SupplementationGin a human study.
Tha study will bethefocusof the SI comparing biomedical research to Sl.

An important factor is thelanguagye and terminology of biomedical researchers. Many times this can be
quite unfamiliar, undear and confusng language Inthe TIES experience we refer to this as Qultural
border crossingsO There are other forms of cultural border crossings many of which we experienced B
more concerningthesein A & |, summary.

In thefollowing GCholesterol SupplementationGstudy information, primarily directly taken from
writings presentations and quotes from members of the Steiner Team. Ther languageis givenin
quotes with my lay interpretationsfollowing where noted.

Thoroughpresentations interviews, and correspordence several important points became clear. All the
following credited to members of the Steiner Team:

SLOS Overview

«  (Byndrome of multiple congenital anomalies'mental retardation 1< described by Smith et al.,
19640Babies bom with several birth defects induding being mentally retarded was first
classified asSLO in 1964

e QAutosomal recessive genetic disorderOPit is caused by chromosomes other than the sex-
determining chromosomes that probably won®express itself (result in SLOSin ababy) unless
both parents have this chromosome.

e (Dbserved inddence: 1/40,000-1/20,000, proposed carrier frequency ~ 1%-2%0 Between 1 in
20,000and 1in 40,000 babies are bom with SLO. Between 1 and 2in 100people carry this
recessive chromosome.

e (Benenotyet identified at startOln 1964when first described, the genetic cause was unknown.

Symptomsindude
e (Chaacteristic craniofacial appearanceOTheface and skull display similar characteristicsin all
paients.
e (Cleft pdateO Condition occurring at birth wherein the uppe lip appears split with a scar-like
abnomality.
Microcephdy & brain malformationgOSmall head/skull & abnomal brain structure
GGrowth & developmental retardaionO Smaller & ddayed in normal growth features
Q.imb anomalies (syndactyly)O Webbed fingea's and toes
GBenital anomeliesO Sex organsabnomally formed
CConganital heart defectsO Heart abnomalities at birth
reeding difficultiesO Self explanatory
Behaviora difficultiesOSelf explanatory

(Biochemical Basis of SLOSO Wha@ in the bodyof an SLOS paient that causes this condition.

e (Defect in cholesterol synthesis (Ironset al. Lancet 1993& Tint et al. NEJM 1994)
Q_ow plasma cholesterol levels with elevated 7-dehydrocholesterol (7-DHC)O
Whew! This meansthat in 1994, researchers foundtha the normal cholesterol production
processisinterrupted at a specific step alongtheway, resulting in insufficient nommal cholesterol
Bwhich is necessary for prope cell membrane development.

«  (Enzyme studies (Shder et al. JLR 1999 deficiency of 7-dehydrocholesterol-A’ redudase
(DHCRY) activityO One of the chemicals required to produce nomal cholesterol is not sufficient

6
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and was discovered in 1995by other researchers.

(Research GodsO

» Qdentify molecular genetic etiology, definewhole body sterol metabolism, evaluae potential
therapiesO Find theinheited cause and devise treatments for the body®insufficient cholesterol
synthesis

e (BLOS naural modd for learning aboutsterol metabolism in general O Undastanding the steps
in the body@synthesis will lead to finding cause and treatment of SLOS Bbasc research or
research to undestand leadsto clinical research or research to cure specific diseases. SLOS can
also give usbasic ingghtinto howthebodynomally uses sterol and related chemicals, because
people with this syndrome don® have the genes for these nomal processes. This meansthat we
can compae wha hagppensin these subjects with healthy subjects and learn aboutsome basic
genetic mechanisms.

(Hypothesis: Cholesterol supplementation will prove beneficial to children with SLOSO Giving
SLOS paients adiet highin cholesterol will improve their symptoms

o Qmeliorate cholesterol deficiencyO increase cholesterol
o Qower 7-DHC synthesis by feedback inhibitionO7-DHC is thelast of theintermediate
compoundsproduced prior to cholesterol. Thisisthoughtto bewhere cholesterol
synthesisisinterrupted and what causes the symptoms of SLOS. It would seem the
Steiner Lab is seeking to lower the accumulation of 7-DHC by affecting the body®
process of regulating this process.
Ctudy DesignO

e (QAdmit to CTRC inpdient unit 1 weekO CTRC isthe Clinical and Trandationd Research Center
at OHSU. Itiswhere human research subjects stay whilein clinical research studies.
Metabolic ward condiions

o

iet: Cholesterol free/High cholesterol/High cholesterol + statinO Some research
subjects each having SLOS receive a cholesterol free diet Bthecontrol group Therest
receive adiet highin cholesterol and statin Bthe manipulated group. Statinsare drugs
given to primarily adults at risk of heart disease to lower cholesterol levels butfoundto
be effective in raising cholesterol levelsin SLOS patients.

CCollect all uring stools; skin biopsy for in vitro studiesO All urineand feces are
collected

Ceafety studies (CBC, CMP, CK)O CBC: crimind backgroundcheck, CMP;
Comprehengve Metabolic Pand, a series of bloodtests ?, CK: unsure of exact meaining
but possibly refersto Creatining, a subgance QilteredOby thekidneys. Perhgpsthis test
would be used to test kidney fundion

Coterol baance: cholesterol/bile acid synthesisO Carefully measure cholesterol and bile
acidsin urineand feces collected previoudy. Bile acidsare synthesized in theliver usang
cholesterol

CCholesterol absorptionO See how much of the dietary cholesterol is absorbed by the
body

(24-S OH-cholesterolO ?72?

CPhenotypeandysis (ind 1Q, behavior, etc.)O Examine and measure characteristics of
subjects, especially those assodated with SLOS
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Methods Sterol Balance
(vynthesis = Total Excretion - Total IntakeO
Total amountof cholesterol synthesized = amountof cholesterol foundin urine and feces Bamount
of cholesterol in diet
e (otal Excretion: Gas chromatographyO Cholesterol in urine and feces measured with gas
chromatograph
I QCholesterol in stoolsO Measure cholesterol in (urine & ?) feces
I QUnébsorbed dietary cholesterolO Some amountof cholesterol from diet is not
absorbed. It isexcreted in urineand feces
o (EndogaouscholesterolO Cholesterol producd by the body
o Bileacidsin stoasO Oneprodud of cholesterol produced by theliver
e (otal IntakeO Total cholesterol in diet
o ietary cholesterol (0 onchol. free diet)O Control groupreceives NO cholesterol

Initial Sterol Balance Studies

e (B SLOSpaients (1 mo to 13yrs)O 8 research subjects, all with SLOS ranging from 1 mo old to
13yrsold

e Q/ery low cholesterol (cholesterol-free) diet x3 weeks, last wk in CTRCO Diet given to study
subjects for 2 weeks at home, then in thehogital (CTRC) for oneweek

» (Collect all stools duringwk, pool samples, measure neutral sterols and bile acidsin stools by
GCO During week in hoital (CTRC), all urineand feces collected and measured for cholesterol
and bile acids

e (QControl & calculate cholesterol intakeO Measure cholesterol intake of study subjects

« (B controls, 4 studied as SLOS subjects (ie inpaients), 2 as outpatientsO 6 study subjects given
low/no cholesterol diet Becontrol group Of these 6, 4 live in hoital (CTRC) and 2 live at home

Results (summarized by Bright from Steiner, R. D. et al. graph)
Cholesterol: Doubled in high cholesterol diet subjects! Data rangeand measures of central
tendency appaent.

CCholesterol Gupplementation® High cholesterol diet results as compared to low/no cholesterol diet

« (Datasuppot the use of dietary cholesterol in attempted therapy of SLOS, indicate a methodfor
estimation of optimal amountof dietary cholesterolO Results suggest an amountof cholesterol in
high cholesterol diet

o (Best estimate for QlosageOof cholesterol eededGin SLOS: difference between whole body
cholesterol synthesisin control vs SLOS; estimate of whole body cholesterol deficitO SLOS
paients may be synthesizing variousamounts of cholesterol. Oncethisis deermined, prope
amountof cholesterol can be calculated.
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Data Table:
Forming a Question or Hypothesis

S| Language Steiner Team Language Match?
Question Not explicitly given but implied throughout. Yes
Background Given throughout and cited. Yes

. "Hypothesis: Cholesterol supplementation will prove |
Hypothesis ) o heficial to children with SLOS" YES!

Designing an Investigation
S| Language Steiner Team Language Match?

GGas chromatographyOgiven, other materials implied.
Probably much more explicit in formal journal

Materials 0 : ; . . . No
publication and likely QunderstoodOby biomedical
researchers.

Procedure Similar to Materials but more explicit. Yes

Collecting and Presenting Data
S| Language Steiner Team Language Match?
Not apparent. Probably much more explicit in formal

Data Table . L No
journal publication.
Data Present and complete. However copyrighted and Yes
Transformation notused here.
Analyzing and Interpreting Results
S| Language Steiner Team Language Match?
Summarize & Apparent in GCholesterol Gupplementation@and Yes
Explain elsewhere.
Lim's/ Sources Fragments in graphical results statistics. Not No
of Error found elsewhere.
Address Apparent in GCholesterol Gupplementation®
. . : Yes
Hypothesis although not as explicit as S| practice.
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Data Transformation:

Steiner Team Biomedical Research
compared to Scientific Inquiry

Count
N

Match No Match
Similarity to Scientific Inquiry

3. Analyzing and Inter preting Results

Summary and Explanation:
It appears that thework of biomedical researchersisvery similar to therequirements of a SI work
sample. Seven outof ten of the basic categories of Sl are present.

Theother three were not so appaent but sometimesimplied. Perhgpsthisis dueto the naure of the
information we gathered. Ours was an informal gahering of data. Were we to examine published
results, | feel confident we would have encountered an inventory of therequired materials dongwith
more detailed procedures. It seems undear if raw daais required in publication. Some weQre seen
haveit, othesdonot However, asin the Steiner Team@ presentation, data trangformationsare
supplied. It would seem to bearequirement to share raw data with peersfor review.

10
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Limitationsand sources of error were only presentin avery minor fashion. Agan, a published study
may have been more revealing. In other published articles, thefeature seems embedded throughout
rather than located in asingle labded location.

Looking at the Steiner Team@ presentation to usand other TIES participants, it appears the presentation
was general and meant to appeal to many audiences and display much more than jud this onestudy.
Hence, it was very general .

Theculture of BR seemsto involve language unfamiliar to lay people, emphasizing much terminology
uniqueto science. Even to a pearson versed in chemistry and physcs, alot of theterms were new but not
entirely unfamiliar. BR@ culture seems to beindusive on thebasis of ability drawing dedicated and
outstanding people from many geographic regions All these people seem very dedicated and capable.
In spite of the accents that occasiondly proved difficult to undestand, the Biomedical Researchers
themselves seemed quite capable of undestanding and communicating with each other comfortably.
Hence they seemed far more QuorldlyOthan lay people.

Limitations and Sour ces of Error:

Limitationsinduded examining only oneof the Steiner Team@ studies. Expanding on that, many other
biomedical research studies should also be scrutinized to obtain more complete daa. More daafrom
multiple trials hd pseliminate the effects of unusid events. Whileit is bdieved tha the Steiner Team@
study discussed herein is more typical than unusud, only onecase is certainly inaufficient to draw a
genera conduson.

Oneobvioussource of error is subjectivity of the data gahered. Thecriteriafor judging similarity of
biomedical research to Sl isundear a best and clearly subjective. Tha isto say, another pe'sonjudgng
thesimilarity of thetwo processes would probadly come up with quite different results. Thisis dueto
thevaguenaure of thecriteria

Another source of error has to dowith the Guultural border crossingQof languayeinterpretation.
Biomedical researchers frequently speak, write and publish for thar peerswho are fluentin ther
languaye It ispossible tha we misundestoodthe content and/or context of some of our
communicationswith the Steiner Team. We asked for clarification frequently but perhgosnot as often
aswe should have

Address Hypothes's:

Of the categories of a Sl are compared to Dr. Stei ner@ SLOS biomedical research, there will beno
more than 6 of 10 will have similar categories.O | rgect this hypothesis. 7 of 10 categories of the
Steiner Team@ biomedical research were similar. Therefore thework of biomedical research isvery
smilarto S.

11
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Other Observations and New Questions:
Observationsof biomedical researches:
* Biomedical research culture is diverse in many ways.
0 Cultura backgroundsand ethnic groups
o0 Fieldsof expertise
0 Gende BSeemingly there were more women, a good question for further study
o AgebWe saw researchers ranging from early 20Qto late 803
* Devotionto biomedical research
o Longhours
o Willingnessto sacrifice
I Freetime
I Relocate
I Obtain further eduction
*  Multiple skills
o0 Science
I Biology
I Biochemistry
I Phamacology
|
|
|

Chemistry
Phydcs
I Mathematics
0 Languayearts
I Grantwriting
I Publishing
I Corresponding with peers
0 Public speaking/ Presentations
I Grants
I Public interest groups
I Teaching
0 Personnd management
I Labresearches

I Peer groups
0 Administrative
I Labcods
I Personnd cods
I Grantincome
I University income
o Teaching
I Lectures
I Mentoring
New questions
1. What istheratio of men to women in biomedical research?
2. How much eduction and training does it take to be a biomedical researche?
3. How does a biomedical researcher become a primary investigator? How longdoes
this take?

4. Will Dr. Steiner findacurefor SLOS?
5. Will Dr. DeBarber find a practical test for CTX?
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