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SUMMARY

The looming public health crisis resulting from the dramatic rise in obesity over the last 30 years
calls for innovative ideas to reverse this trend. Regulation of adipogenesis and maodification of fat cell
metabolism have received increased attention nethg as promising areas for development of
therapeutics. However, the history of development of pharmaceutical treatments for obesity has been
that of repeated failures, in part due to adverse effects that result from-taoget tissue actions.
Isolationof mAbsspecificto adipocyteand preadipocytespecificPlasma Membrane AntigeiBMAS,
and use of those mADbs feither drug deliveryor as functional therapeutic agentshould greatly
reduce or eliminate the risk of toxicity in nauipose tissuesOu primary objectives to identify mAbs
that are specific fothe PMAs ohuman viscergbreadipocyteghVPAs)but notthe PMAs ohuman
subcutaneougpreadipocytegfhSPAshSCPA®nd other cell typesNote thatincreased visceral
(abdominal) adipostissue (VAT)nass is associated with development of obesilated metabolic
disorders.Gold standards wodlbe mAlsinhibiting adipocyte developmerand/or lipogenesi®r
redirecting adipogenesis/tilizinga modification ofour DiSHY-PMAtechnologythat uses whole cell
immunogens and screefisr mAbs reacting with PMAsve have identifie®4 hybridoma clonemaking
mAbthat specifically bind the plasma membraw human visceral preadipocytesnd most do not

bind subcutaneous preadipocytes other celltypes
Furthermore, twoof thesemAbs significantly reduce
lipid droplet formationin a dose dependent manner
duringin vitroadipogenesis of human and mouse
adipocytes. Our data suggedbiat the direct
identification of antibodies with therapeutic poteial is
a soundapproachto treating obesityrelated health

Figure. 1. Strategy for using 6 S 2 YDSSE'4PMA
technologyto makemonoclonal antibodiedmAbs)
specificto the plasma membrane antigens (PMASs) ol
the surface othhumanpreadipocytes.Five steps
ensure the vast majority of antibodies idéfigid are to
PMAs instead of cellular (e.g. soluble cytoplasmic)
antigens: (1) whole cell immunization using developi
human preadipocytes, (2) screening hybridomas witl
tagged membrane proteins from preadipocytes, (3)
whole cell based ELISAs, and (4)lfinantibody
reactivity with PMAs is confirmed using
Immunofluorescence microscopy (IFM) on cultured
visceral preadipocytes and control cells.
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|. Backgroundand Significance

Monoclonal antibodies as therapeutics to treat obesityhe process of adipogenesis (i.e.,
adipocyte differentiation from precursor cell types) is outlinedrigure 2 Nearly all of the
commercializegpharmaeuticals developed to treat obesity are small molecule appetite suppressants
and none target any of tree stages of adipocyte development or target mature adipocytes (Yanofsky,
2014).0ur goalis to target the stages of adipogenesigh highly specific monoclonal antibodigSsold
standards would bemonoclonal antibodies that (1) inhibit adipogenesis, (2) inhiipiigenesis(3)
enhancdipolysis (4) enhancenature visceral adipocyte cell deattr (5) that transdifferentiate white
adipocytes into bright adipocyte§igure 2 XandO). Even tle latter stages of preadipocyte
developmentinto adipocytes igure 2B arehighly regulatecand multistage processsand the cell type
intermediates are very differenfrom each other Hencewe proposed thathe various cells in this
developmental pathway would be rich in diverdasma membrane surface antigefBMAs) whichwe

couldtarget with antibodies. A

Figure 2 Adipocytes develop from
various precursor cell typesA.
Adipocyte development beginning
with Mesenchymal stem cells
(MSCs). B. The later stages of
adipocyte development expanded
beginning with preadipocytexand
Oindicate preferred steps to inhibit
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Obesity is a diseas@.here is a looming public health crisis resulting from the dramatic rise in
obesity.In 2013 the American Medical Association recognized obesity as a di€dzessty increases the
risk of cardiovascular disegsesteoporosis, metabolic syrsme (MetS), por mental health including
I £ T KSA Y S NRBeteRRdnd carcer, &lEof which lead to higher death rates. In 2010, 35.7% of
adult Americans were classified as obese, compared to 1985, when only 8 states had >10% obesity
(www.cdc.gov/obesity/data/)Smilar trends are observed in countries around the world. Hence, the
OdzZNNBy i ONRaAa A& 2FiSy NBFSNNBR G2 Fa GKS a2o0Sah

Weight loss and regain paradign@nce obese, the difficulty that individuals have in losing weight
has led to a number of &hs for improving weight loss programs, because most only result in transient
weight lossEighty to ninety percent of individuals who lose 10% or more of their body weight in an
organized weight loss program regain it all or more in 1 to 5 yélwever,it is clear that simply
suggesting obese individuals exercise more and eat less is generally not good enoughtfenntong
weight loss. Effective weight management programs require continued counseling and-dipllavinere
is a growing consensus that theain, adipose tissue, and other peripheral organs have been
epigenetically reprogrammed to work against letegm weight lossTherapeuticassising with weight
loss or weighdoss maintenance areadlyneeded particularly for the morbidly obese.

Pathogenicvisceraladipocytes are central to obesitiiealth riskand preferred targets for
therapeutics A fundamental part of the pathology of obesity is that more mesenchymal stem cells
(MSCs) and preadipocytésigure 1)are directed to the development of vite adipocytes, thathe
existing white adipocytes are greatly enlarged, and that the spaces between cells are increased and
contain higher levels of intracellular matrix proteits.obese individuals, white adipose tissue (WAT)
becomes the dominant endoioe organ Obese visceral adipose tissue (Vadipocytes secrete much
KAIKSNI GKIyYy y2NXYIf fS@Sta 2F LRGSYGAFffe& KINYTAAL
IL-6, PAIL, and leptin) and lower levels of generally beneficial adipokings, (&.10, adiponectin,
omentin, apelin, and visfatin). In other words, the celldamposition physiology, and metabolism of
obeseVATis quantitatively and qualitatively different from lean adipose tissDbese subcutaneous
adipose tissue (SAT) and @onstituent adipocytes appear to be less pathogenic.

The increased aberrant expressiof specific adipokines frombese adipose tissuagnd visceral
adipose tissue in particul@ontributes to obese tissues being in a constant state of inflammation and
containing more inflammatory lymphocytes (e.g., T cells, neutrophils, monocitager numbers of
lymphocytesand neutrophilgnfiltrate obeseadipose tissueelative toleanadipose tissueThe
increased numbers df lymphocytes (T ce)land neutrophils plagritical rolesin both adaptive immune
and innate immune responses #dter signaling and increageflammationin obese adipose tissue
Inflammation may lie at the headf many obesity related health risks.

In short, visceraladipocytesare logical and preferred targets for therapeutinonoclonal
antibodies to treat obesity¢ KS NBadzZ da 2F (GKS F2ft2¢Ay3a LAE20 add
technologies and protocolsutlined in Figure 1 produce not only antibodies that distinguish human
visceral preadipocytes (hVPASs) from human subcutaneous preadipoctyes (hSCPAS), but also
antibodies that inhibit adipogenesis and lipid accumulation (lipogenesis).
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ll. Results
A. Immunization with human preadipocytes,
serum titers, and specificity for PMASs

Al.Serum Antibody Detection: ELISA

Fourteenmice 7-8 weeks of agavere pre-bled to obtain baseline serum antibody levalsdthen
immunizedintraperitoneally with human visceral preadipocytes. Of the mice immunized, three strains
were represented: 13ix AbeoMiceéV (triple transgenic mie engineeredo contain thell6, I@, & Igo
transgenes exhibitingnhanced immune response and with ability figraffinity matued Bcells
(plasmacytes) to display on their surface the antibody each sexr@dsixtransgenic micexpressing
human interleukin 6 under regulation of the major histocompatibility complexHt2dmoter (C.H2L%-
hiL-6; IL6 transgenigsand 3) twoBALBc mice Booster injections were given 21 days post initial
injection. Blood samples were taken 7 days after each boost andnseas assayed against
immunogen A second booster was given to some mi¢bese data arsummarized imable 1 Two
mice, I.D. @95 and 1.D. 1862xhibited higher titers than the other mice immunizadd were used to
generate hybridomas producing mAbs.

Table 1. Immunization and titérsummary of mice immunized with human visceral preadipocytes.

Strain Group Sex Mouse ID Adjuvant Route of # of Final Titer
Administration | Injections
M 8735 NO P 2 1:1000
M 8791 NO IP 2 1:1000
1046-2
M 1326 NO IP 2 1:1000
AbeoMouse™
M 5096 NO P 2 1:1000
F 0296 NO P 2 1:1000
1046-3
F 0295 NO IP 8 1:10000
3093 NO IP 3 1:1000
F 5538 Proprietary (pre P 2 <1:1000
initial injection)
1046-1 F 5532 Proprietary (pre P 2 <1:1000
IL6 initial injection)
F 9046 Proprietary (pre P 2 1:1000
initial injection)
M 3095 NO P 2 1:1000
1046-3 M 1852 NO IP 3 1:4500
F BALB/c #8262 NO IP 3 NEG
BALB/c 10464 | F BALB/c #7613 | NO P 3 NEG

aTiters based on whole cell ELISAsf injections is the total numbeinitial + booster
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A2.Serum titers and pecificity for visceral adipocyte PMAsy IFM

The transgenic mice had significantly higher serum reactivity to primary visceral human
preadipocyteausing whole cell ELISt&n the BALB/c immunizationghich had naletectableimmune
responseTwo mice, 0295 and 52, out of the fourteen exhibited serum titers at >1000dilution and
were chosen to bénarvested and sortedvia 6 S2 Y S Qa  DISE'idbhRofogy(hitliEghted in
Table). Interestinglybased on Immunofluorescence Microscopy (IRk#®,sera from the mice
immunized with the visceral preadipocytes showed strong reactivity to visceral preadipocytes, but very
weak reactivity to subcutaneous preadigtes and other relatedell typeg(Figure3). This is an
important result,showindfirst that there are substantiadjuantitative and qualitativeifferences in the
numbers and kinds dinmuneepitopes presented by these twelt types.Further, tis resultsuggests
that therapeutic antibodies may be targeted against potentially harmful obese visceral adipocytes that
will not impact less harmful subcutaneous adipocytes.

Exp 130903-#1852 serum 1:1000

Exp 131206-#0295 serum 1:1000 § Exp 1%1‘296’1#0295 serum 1:1000
) [ :
) Lo/

Exp 131206-#0295 serum

Medium negative ctrl
1:1000 Subcutaneous PA

Figure 3 Immunofluorescence microscopy of primary human visceral preadipocyteg)@nd subcutaneous
preadipocytes lower right) stained with DAPI (blue) and visceral preadipocyte antiserum (greémjmnunizing

with humanvisceral preadipocytes produced antibodies specific to visceral preadipocytes that were not reactive
with humansubcutineous preadipocyted.he two lower right hand panels represent negative controls showing
that the secondary immunéuorescent reagents alongo not react with human PAs, without the addition of
mADbs.Careful inspection of the cells in the microscope eded that the plasma membrane was the primary

target of these polyclonal antisera.
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B. Mouse #1852Harvest, Fusion and Single Cell
Sorting (Project ID 104 130903#1852)

B1. Lymphoid Organ Harvestnd Generation of Hybridomas

Fourteenlymphoidtissuesamples Figure4) (6.4 x 10cells) were harvested from mouse #1852,
processed, and pooled into a single suspensibigmphoid cells. Erythrocytes were lysed using
FYY2YAdzY OKf2NARS |yR NBadzZ GAy3 feyYLK20d0Sa 6SNB
myeloma fusion partner SP2ab. SP2ab was engineered to expoedisr€eptor complex
transmembrane proteins CD79A and CD79B to facilitate membrane expression of immunoglobulin in Ig
secreting hybridomds Cells were dispensed into 1&Flasks with FusioCell Medium (FCMatalog#

48045) + HAT and fed after 3 days with Recovery Cell Medium-¢Ri@Ng #48047). After 7 additional
days, fused cells were collected and prepared for HA@8escent activated cell sortihg

8 Cervical Figure 4 Lymphoidorgans harvested from

mouse #1852 and processed into a single
cell suspension for FACS (fluorescent
activated cell sorting)! 6 S2 YSQa
transgenic micédave an enhanced immune
response Table ), greatly enlarged
lymphoid organs (left), and typically an
order of magnitude increase in the number
of antibody producing plasmacytes (not
shown).

IPrice PW, McKinney EC, Wang Y, Sasser LE, Kandasamy MK, Matsuuchi L, Milcarek C, Deal RB, Culver DG, and
Meagher RB. Engineered cell surface expression of membranarioglobulin as a means to identify monoclonal
antibody-secreting hybridomasl Immunol Method843: 2841, 2009.
http://www.ncbi.nIm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list uids=19187782
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B2. Selection and Sorting of Antige8pecific Surface Antibody
ExpressingHybridomas FACS Analysis

The collected cells weffigst incubated with pufied rat anttmouse CD16/CD32 (mouse Fc block;
BD Pharmingen) to block napecific binding to mouse Fc receptors. Antigen specific antibody was
detected withphycoerythrin PB labeledhuman visceral preadipocyteSpecifically,ite PMAs a the
surface otthe cells werechemically labeled with biotin antie cellsfragmented into membrane f&s by
sonication. These biotitagged PMAnembrane raftsvere bound to hybridoma cells and fluorescently
labeked with PEStreptavidin Qurface antibody(Surface Ig) @sented by most hybridomas cellas
stained withGoatAnti-Mouse-AntibodyGAMAIgGAPCconjugate [nvitrogen). Antigenpositive
hybridomas wee isolated as single cells by FACS as illustratéigjime5 (circled cell population)Cells
expressing surface antibody reactive to bailman visceral preadipocytéBE)and GAMAQG(APC)
were singly deposite(R3 populatiopinto wells of a 96 welplate. A total of2880Ag/lg+clones were
sorted.

Figureb. DiSHM Selection othybridomas making
T monoclonal antibodies mAbs thuman
R3 preadipocytes. Abeomepatented hybridomas both
secrete normal mAbs and surface express the
membrane isoform of the same antibody, which
enables FACS sorting of hybridomBise direct
selection and cloimg of hybridoma cells surface
expressing and secreting amiieadipocyte
antibodies is accomplished by staining HAT
selected B celBR2abfusions with PHabeled
formalinfixed human visceral preadipocytes and a
polyclonal antibody recognizing mouse
immunoglobulin labelled with APC. Doukpesitive
cells (red circle) are sorted at 1 cell/well into 96
well plates for expansion and further testing.
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C. Mouse #0295: Harvest, Fusion and Single Cell

Sorting

(Project ID 10463 131206#0295
ClL. LymphoidOrgan Harvest and Generation of Hybridomas

Fifteen lymphoidissue samplefFigure § were harvested from mouse #0295, processed, and
pooled into a single suspension of lymphoid cells. Erythrocytes were lysed using ammonium chloride
YR NBadzZ GAy3 fevYLK20eidSa 6SNBE FdzaSR gAGK 10S2YSQ
SP2ab thaenables cesurface expression of the membrane isoform of the secreted mAb. Cells were
dispensed into 10-Flasks with Fusion Cell Medium (FCatfalog# 48045) + HAT and fed after 3 days
with Recovery Cell Medium (R@Mtalog #48047). After 4 additionalydg fused cells were collected
and prepared for FAQ8uorescent activated cell sortifg

Fgure 6 Lymphoid organs harvested from
mouse #0295 and processed into a single cell
suspension for FACS (fluorescent activated cell
sorting). See expaded legend withFigure4

and associated texbr more details.

Price PW, McKinney EC, Wang Y, Sasser LE, Kandasamy MK, Matsuuchi L, Milcarek C, Deal RB, Culver DG, and Meagleer ¢@B skrfgiceexpression of
membrane immunoglobulin as a means to identify monoclonal antikselyreting hybridomasl Immunol Méhods343 2841, 2009.
http://www.ncbi.nIm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list uids=19187782
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Q2. Selection and Sorting of Antige8pecific Surface Antibody
ExpressindHybridomasfrom mouse #0295FACS Analysis

The collected cells weffirst incubated with purified rat arimouse CD16/CD32 (mouse Fc block;
BD Pharmingen) to block nepecific bindingo mouse Fc receptors. Antigen specific antibody was
detected with PE labelelduman visceral preadipocyteSpecifically,ie PMAs o the surface of the cells
were chemically labeled with biotin and fragmented into membrangsréy sonication. Thedaotin-
tagged PMA preparations were bound to hybridoma cells and fluorescentlythlvéh PEStreptavidin
Qurface antibodywas stained wittGAMAIgGAPCconjugate [nvitrogen). Antigen positive hybridomas
were isolated as single cells by FACS asrilest inFigure? (circled cell population)Cells expressing
surface antibody reactive to botiuman visceral preadipocytéRE)and GAMAgG(APCyere singly
deposited(R3 population)nto wells of a 96 welplate. A total of1728 Ag/lg+ clones were ged.

Figure 7 DiSH" Selection of Preadipocyte mAbs
from the #0295 mouseThe direct selection and
cloning of hybridoma cells surfaexpressing and
secreting antpreadipocyte antibodies is
accomplished by staining HA&Elected B cell/sp2ab
fusions with PHabeled formaliafixed human
visceral preadipocytes and a polyclonatinady
recognizing mouse immunoglobulin labelled with
APC. Doublpositive cells (red circle) are sorted at
1 cell/well into 96 well plates for expansion and
further testing.

Preadipocyte binding (PE)

Surface Ig binding (APC)
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D.Whole cells ELISAs followed by
Immunofluorescenceamicroscopyidentifies mAbs
that target PMAs orhuman preadipocytes

Immunofluorescencamicroscopy(IFM) screening

After the single hybridoma cells were deposited in microtiter plates, they were grown up to high
cell densities (~10 to 12 days). The supernatantseasened against whole cells (human visceral
preadipocytes) in an ELISA fornjahole cell ELISASA signal > 0.15 O.D. (i.e., >5 standard deviations
above the background o90.05 O.D.) waroted as positive for bindindNinetythree hybridomasclones
sdected for further study based amAbantibody secretion and ELIS#nal. ThesenAbswere assayed
by immunofluorescencenicroscopy (IFM) to confirlAMAtarget-specific reactivity. We identified
twenty-four hybridoma clonesnaking mAbshat specifically eacted withthe plasma membrané.e.,
PMAs)f humanprimaryvisceral preadipocyteVPAs)but did not reactsignificantly with two
control cell typegTable 2 below). For thenegativecontrol cell types we used human mesenchymal
stem cells (hMSCs) ahdman subcutaaous preadipocytes (hSPA&mong those tested, many of the
hVPA positive mAbs also reacted with mouse 3T3L1 preadipocytes.

The 2 hVPA positive mAbs displayed a wide varietyrohunefluorescent microscopstaining
phenotypes ranging frorfll) staining the entire plasma membrane, to (2) localized pattstaising
only small pations of the plasma membran¢o (3) staining only clusters of cells inteessed with
non-staining cel, to (4) punctate staining patternA.fifth (5) IFMphenotypewas also observefibr 2
mAbsand will serve as a particular example of the diversftPMA staining patterndhese two mAbs
35C4 and 27D8&tained bothwhat appears to be¢he plasma membrane and the nuclear membrarie
human preadiocyteand to a lesser extent the same pattern in 3TBcell{Figure §. A number of
well-knownreceptorswith relevanceo both obesity and cancer are trafficked to both the plasma and
nuclear membranes including type 1 insdike growth factor receptor (IGER) and the epidermal
growth factor receptor family (EGFRs, #rk2, -3, -4). 35C4 also stained the PMA asgimenucld of
mouse 3T3L1 preadipgtes andstainedporcineVATnuclei but the mouse and porcine staining
appeared weaker than that on the humaells

Two mAbs, 2C6 and 10Rxere later shown tcefficientlyinhibit lipid accumulatiorflipogenesis)
during the differentiation of both human primary visceral preadipocytes and mousé.BT3
preadipocytesBothappeared to stain thedges okubsets ofn vitro culturedvisceral preadipocytes
(hVPA), but not human subcutaneous preadipocytes (hSGRAhown irFigure 910F7 also showed
some punctate staining, whiatould for examplerepresentbinding toclusters of surface receptors.
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Table 2. AntiVisceral Preadipocyte monoclonal antibodies were screened for isotype pladma membrane
reactivity by IFMagainst 5 cell lineshMSC=human mesenchymal stem cells, hSPA=human subcutaneous
preadipocytes, hVPAmman visceral preadipocytes, n@T1=mouse preadipocyte cell line, dm3T3
L1=differentiated mouse preadipocytes. Images were scored frgmo PMA reactivity) te-++ (significant PMA
reactivityfor each cell lineNT=not testedimages are shown at the righ&ee close up IFMnagesof 27D8 and
35C4in Figure 8and 10F7 and 2C6 in Figurdlibxed with a dotteded line here).

r-----

IFM Activity
Clone Isotype m3T3-|dm3T3-
hMSC | hSPA | hVPA| L1 L1
- -
131206-10F7 |IgG1/1gG2b, k |- - +/- +++ |+
130903-27D8 |IgG1, k - + +++ [+ ++
130903-35C4 |IgG1, k - + +++ [+ 4/
———— T T T
131206-3E9 |[IgG2b, k - - +/- +++ |NT
131206-4E9 |[IgG2b, k - + +++ [+ NT
131206-4G3 |IgG2b, k - + + ++ NT
131206-4B9  [IgG2b, k NT +/- + +++ |NT
131206-4C10 |IgG1/1gG2b, k [NT +/- + ++ NT
131206-4F7 |[IgG2b, k NT NT +/- + NT
130903-3D1  |IgG1, k NT +/- + +++ |NT
130903-22F11 |[IgG1, k NT +/- ++ ++ NT
131206-1B10 |ND NT NT ++ NT NT
131206-1F10 |IgG1k NT +/- + NT NT

IFM VPA
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IFM Activity
Clone Isotype m3T3-1dm3T3-| FM VPA
hMSC | hNSPA | hVPA] L1 L1
131206-2C6 |IgG1,k NT +/- ++ NT NT
131206-2C7 _ |1gG1,k NT +/- + NT NT
131206-2D9 |IgG1,k NT +/- + NT NT
131206-2A12 |IgG1,k NT +/- + NT NT
131206-5F10 |ND NT +/- + NT NT
131206-5G11 [1gG2a/lgG3,k [NT +/- ++ NT NT
131206-6G1 |IgM,k NT +/- +++ [NT NT
131206-6F5  |IgG1,| NT +/- ++ NT NT
131206-6F7 |ND NT NT +/- NT NT
131206-2E8 |ND NT +/- + NT NT
131206-6C7 |[ND NT NT + +++ |NT
131206-3H11 |[ND NT NT +/- NT NT
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