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Preface

This Fat Shadow Atlas is developed to provide the entire dataset analyzed in the paper “Fat Shadows” from
DXA for the Qualitative Assessment of Lipodystrophy: When a Picture is Worth a Thousand Numbers by
Meral R et al. Some additional pediatric Familial Partial Lipodystrophy (FPLD) patients not included in the
study are also presented. We hope that this will serve as a beginning of a global project that will enable the
collection and comparison of fat shadows. If any researchers are interested in collaboration and further
participation in the atlas, please contact the corresponding author of the manuscript.

This atlas is organized first to provide readers with a protocol to obtain fat shadows with the enCore (v14.10)
software to obtain fat shadows from total body composition scans obtained with a GE Lunar (Chicago, IL)
Dual Energy X-ray Absorptiometry (DXA) system. Control cases of females and males are presented
separately across a continuous spectrum of BMI. The lipodystrophy patients are organized according to
subtype and broken into the genotype groupings. The atlas section only labels the gender category and
age in years for each subject. In addition, BMI is shown for controls and assigned subgroup for the
lipodystrophy patients. More information on each patient can be found in the appendix. As lipodystrophy
syndromes are heterogeneous in etiology and presentation, we followed the Online Mendelian Inheritance
in Man (OMIM, www.omim.orq) classification for the subtypes of lipodystrophy based on genetic findings.
The most common genetic cause of FPLD was mutations in the Lamin A/C gene (LMNA), which causes
FPLD type 2 (FPLD2), also known as the Dunnigan variety (1-5). FPLD2 are shown together as a group to
demonstrate the typical presentation, as well as the exceptions to the rule (phenotypic heterogeneity in
laminopathies (6; 7)). In the last section, all other FPLD subtypes were grouped together as FPLDX, which
included FPLD type 1 (FPLD1, Kdbberling variety), defined as FPLD with no mutations in confirmed
pathogenic genes (8); FPLD3 (due to mutations in Peroxisome Proliferator-Activated Receptor-y, PPARg
(9)), genetic subtypes not numbered in standard nomenclature, and all patients in whom the variants of
unknown significance (VUS) in different genes have not yet been verified.

As more research is done into the molecular pathways of lipodystrophy, additional subtypes are defined,
and new subgroups break off from FPLD1. Patients who once fell into the category of FPLD1 may be
redefined as another subtype (10-15). In addition, more research may show that some variants which were
considered pathogenic at one point are not in reality pathogenic as more functional work is carried out. For
example, some PPARG variants previously thought to be pathogenic, and thus were classified as FPLD3,
do not classify as pathogenic variants according to the recently introduced Missense InTerpretation by
Experimental Response (MITER) classifier (16), suggesting that some of these patients may have to be
reclassified as FPLD1. We expect that within the FPLD1 population, there will be more subgroups that are
yet to be defined, in addition to the classical presentation of FPLD1 described by Kdbberling et al (3; 17;
18). The fat shadow method described here may prove useful as a phenotyping tool and help investigators
to identify similarities and disparities within the FPLDX population and other subtypes of the diseases.

We are grateful to all patients and controls for their participation in the study, and Lipodystrophy United for
their help in patient recruitment into various lipodystrophy trials. We dedicate this paper to those patients
whom we have lost since 2009 and especially to Mrs. Natalie K. Hunt-Embry who fought her disease with
great courage and passion. We are indebted to Laura Foess-Wood for performing all the DXA scans at the
Michigan Clinical Research Unit, and for her positive personality that cheers us up every time we see her.
We thank Dr. Kong Y. Chen and Dr. Robert J. Brychta for performing the DXA scans at the Metabolic
Clinical Research Unit at the NIDDK. We also acknowledge support from the NIH on grants: RO1
DK088114, P30 DK089503, DK034933 which allowed the DXA scans presented here to be performed, and
from the Intramural Research Program of the National Institutes of Health, the National Institute of Diabetes
and Digestive and Kidney Diseases. BJR was supported by NIH T32 DK007245. Finally, the work was
supported by generous gifts to the Lipodystrophy Fund at the University of Michigan made by the Sopha
family, lonis Pharmaceuticals and the White Point Foundation of Turkey.

Rasimcan Meral, MD

Elif Arioglu Oral, MD
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Units and Abbreviations

Y%fat %
BMI Kg/m?
DXA

F

FFMI Kg/m?
Hisp or Lat

M

MITER

NIH
OMIM
UM

Subtypes of Lipodystrophy

AGL
APL
CGL
CGL1
CGL2
FPLD
FPLD1
FPLD2
FPLD3
FPLDX

Gene names
AGPAT2
BSCL2
LMNA
PCYT1A
POLD1
PPARG

Tissue %fat measured by DXA

Body Mass Index

Dual Energy X-ray Absorptiometry
Female

Fat Free Mass Index

Hispanic or Latino

Male

Missense InTerpretation by Experimental Response (16)
http://miter.broadinstitute.org/
Prevalence set to: 0.2

National Institutes of Health

Online Mendelian Inheritance in Man
University of Michigan

Legend for blinded assessments presented in the appendix

n Not FPLD
y FPLD

Affected Gene OMIM ID
Acquired Generalized Lipodystrophy
Acquired Partial Lipodystrophy
Congenital Generalized Lipodystrophy
Congenital Generalized Lipodystrophy type 1 AGPAT2 #608594
Congenital Generalized Lipodystrophy type 2 BSCL2 #269700
Familial Partial Lipodystrophy syndrome
Familial Partial Lipodystrophy type 1, Kébberling variety %608600
Familial Partial Lipodystrophy type 2, Dunnigan variety LMNA #151660
Familial Partial Lipodystrophy type 3 PPARG #604367
All FPLD other than FPLD2
OMIM ID
1-Acylglycerol-3-Phosphate O-Acyltransferase 2 *603100
Berardinelli-Seip Congenital Lipodystrophy 2 *606158
Lamin A/C gene *150330
Phosphate Cytidylyltransferase 1, Choline, a-Isoform *123695
Polymerase (DNA-Directed), A1, Catalytic Subunit *174761
Peroxisome Proliferator-Activated Receptor-y gene *601487
Investigators:
NM Noemi Malandrino’s FPLD predictions (NIH)
RB Rebecca J. Brown’s FPLD predictions (NIH)
RM Rasimcan Meral's FPLD predictions (UM)
EO Elif A. Oral’'s FPLD predictions (UM)
BA Baris Akincr’'s FPLD predictions (independent, Dokuz Eylul University)

Please note that after independent assessments, investigators were asked to reach a consensus on disagreed cases. Thus,

individual investigators’ performance may differ from the accuracies reported in the manuscript.
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Protocol: Generating a fat shadow image in enCore v14.10

GE Lunar (Chicago, IL) DXA systems are delivered with the enCore software for the acquisition and analysis of
DXA total body composition scans. All the steps described are possible with the built in features of the enCore
software version 14.10. Exporting the image is not possible in the current version of the software, and the only way
to save the generated fat shadow is to screen capture.

Step 1: Navigate to the analysis page Step 2: Enable “color coding”
of the DEXA scan.

Efile Measure  Analyze Qirector)r_Q_A Composer ~ ﬁ& Measure  Analyze Directory QA Composer
= i @, =2 = i x =
fMeasure Analyze Directory QA Imaging  ROIs Measure  Analyze Directory QA Imaging ROIs
s B Total Body | B Total Body |
0

Zoom
109%

[\
or Coding [>

—
II]

Step 3: Open the “edit Step 4: Highlight fat signal by setting everything other than fat to the
spectrum” dialogue background color, enabling easier visualization of subcutaneous fat in
lipoatrophic areas.

L
1) Total Body:
il
-
Edit Spectrum ot
| | | Set As Default
Bone Lean Fat
Bone: ] Change... |
= S Bone Edges: | ] Change...
tt pECtrum Lean Tissue: |_ | Change... OK |
Fat Tissue: Change. .. Cancel |
=
Patient Weight Entered Comectly?
f ﬂ}
-
Yes No \otal Body - Anatomy:
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