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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 modification of fat cell 

metabolism have received increased attention recently 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 non-target tissue actions.  

Isolation of mAbs specific to adipocyte and preadipocyte-specific Plasma Membrane Antigens (PMAs), 

and use of those mAbs for either drug delivery or as functional therapeutic agents, should greatly 

reduce or eliminate the risk of toxicity in non-adipose tissues.  Our primary objective is to identify mAbs 

that are specific for the PMAs of human visceral preadipocytes (hVPAs), but not the PMAs of human 

subcutaneous preadipocytes (hSPAs, hSCPAs) and other cell types. Note that increased visceral 

(abdominal) adipose tissue (VAT) mass is associated with development of obesity-related metabolic 

disorders. Gold standards would be mAbs inhibiting adipocyte development and/or lipogenesis or 

redirecting adipogenesis. Utilizing a modification of our DiSHTM-PMA technology that uses whole cell 

immunogens and screens for mAbs reacting with PMAs, we have identified 24 hybridoma clones making 

mAb that specifically bind the plasma membranes of human visceral preadipocytes, and most do not 

bind subcutaneous preadipocytes or other cell types. 

Furthermore, two of these mAbs significantly reduce 

lipid droplet formation in a dose dependent manner 

during in vitro adipogenesis of human and mouse 

adipocytes. Our data suggest that the direct 

identification of antibodies with therapeutic potential is 

a sound approach to treating obesity-related health 

risks. 

Figure. 1. Strategy for using !ōŜƻƳŜΩǎ DiSHTM-PMA 

technology to make monoclonal antibodies (mAbs) 

specific to the plasma membrane antigens (PMAs) on 

the surface of human preadipocytes. Five steps 

ensure the vast majority of antibodies identified are to 

PMAs instead of cellular (e.g. soluble cytoplasmic) 

antigens: (1) whole cell immunization using developing 

human preadipocytes, (2) screening hybridomas with 

tagged membrane proteins from preadipocytes, (3) 

whole cell based ELISAs, and (4) finally, antibody 

reactivity with PMAs is confirmed using 

Immunofluorescence microscopy (IFM) on cultured 

visceral preadipocytes and control cells. 
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I. Background and Significance 

Monoclonal antibodies as therapeutics to treat obesity. The process of adipogenesis (i.e., 

adipocyte differentiation from precursor cell types) is outlined in Figure 2. Nearly all of the 

commercialized pharmaceuticals developed to treat obesity are small molecule appetite suppressants 

and none target any of these stages of adipocyte development or target mature adipocytes (Yanofsky, 

2014). Our goal is to target the stages of adipogenesis with highly specific monoclonal antibodies. Gold 

standards would be monoclonal antibodies that (1) inhibit adipogenesis, (2) inhibit lipogenesis, (3) 

enhance lipolysis, (4) enhance mature visceral adipocyte cell death, or (5) that trans-differentiate white 

adipocytes into bright adipocytes (Figure 2, X and O). Even the latter stages of preadipocyte 

development into adipocytes (Figure 2B) are highly regulated and multistage processes and the cell type 

intermediates are very different from each other.  Hence, we proposed that the various cells in this 

developmental pathway would be rich in diverse plasma membrane surface antigens (PMAs), which we 

could target with antibodies.  

  

 

 

 

Yanovski, S.Z. & Yanovski, 

J.A. Long-term drug 

treatment for obesity: a 

systematic and clinical 

review. JAMA 311, 74-86 

(2014). 

A. 

B. 

X X 

Figure 2. Adipocytes develop from 

various precursor cell types. A. 

Adipocyte development beginning 

with Mesenchymal stem cells 

(MSCs). B. The later stages of 

adipocyte development expanded 

beginning with preadipocytes. X and 

O indicate preferred steps to inhibit 

or to alter, respectively, with specific 

mAbs to PMAs. 
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Obesity is a disease. There is a looming public health crisis resulting from the dramatic rise in 

obesity. In 2013 the American Medical Association recognized obesity as a disease. Obesity increases the 

risk of cardiovascular disease, osteoporosis, metabolic syndrome (MetS), poor mental health including 

!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜΣ diabetes, and cancer, all of 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/). Similar trends are observed in countries around the world. Hence, the 

ŎǳǊǊŜƴǘ ŎǊƛǎƛǎ ƛǎ ƻŦǘŜƴ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άƻōŜǎƛǘȅ ŜǇƛŘŜƳƛŎΦέ  

Weight loss and regain paradigm. Once obese, the difficulty that individuals have in losing weight 

has led to a number of ideas for improving weight loss programs, because most only result in transient 

weight loss. Eighty 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 years. However, it is clear that simply 

suggesting obese individuals exercise more and eat less is generally not good enough for long-term 

weight loss. Effective weight management programs require continued counseling and follow-up. There 

is a growing consensus that the brain, adipose tissue, and other peripheral organs have been 

epigenetically reprogrammed to work against long-term weight loss. Therapeutics assisting with weight 

loss or weight-loss maintenance are badly needed, particularly for the morbidly obese. 

Pathogenic visceral adipocytes are central to obesity health risk and preferred targets for 

therapeutics. A fundamental part of the pathology of obesity is that more mesenchymal stem cells 

(MSCs) and preadipocytes (Figure 1) are directed to the development of white adipocytes, that the 

existing white adipocytes are greatly enlarged, and that the spaces between cells are increased and 

contain higher levels of intracellular matrix proteins. In obese individuals, white adipose tissue (WAT) 

becomes the dominant endocrine organ. Obese visceral adipose tissue (VAT) adipocytes secrete much 

ƘƛƎƘŜǊ ǘƘŀƴ ƴƻǊƳŀƭ ƭŜǾŜƭǎ ƻŦ ǇƻǘŜƴǘƛŀƭƭȅ ƘŀǊƳŦǳƭ ŀŘƛǇƻƪƛƴŜǎ ǇŜǊ Ƴŀǎǎ ƻŦ ǘƛǎǎǳŜ όŜΦƎΦΣ ŀƴƎƛƻǘŜƴǎƛƴΣ ¢bCʰΣ 

IL-6, PAI-1, and leptin) and lower levels of generally beneficial adipokines (e.g., IL10, adiponectin, 

omentin, apelin, and visfatin). In other words, the cellular composition, physiology, and metabolism of 

obese VAT is quantitatively and qualitatively different from lean adipose tissue. Obese subcutaneous 

adipose tissue (SAT) and its constituent adipocytes appear to be less pathogenic. 

The increased aberrant expression of specific adipokines from obese adipose tissue and visceral 

adipose tissue in particular contributes to obese tissues being in a constant state of inflammation and 

containing more inflammatory lymphocytes (e.g., T cells, neutrophils, monocytes). Larger numbers of T 

lymphocytes and neutrophils infiltrate obese adipose tissue relative to lean adipose tissue. The 

increased numbers of T lymphocytes (T cells) and neutrophils play critical roles in both adaptive immune 

and innate immune responses to alter signaling and increase inflammation in obese adipose tissue. 

Inflammation may lie at the heart of many obesity related health risks. 

In short, visceral adipocytes are logical and preferred targets for therapeutic monoclonal 

antibodies to treat obesity. ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŦƻƭƭƻǿƛƴƎ Ǉƛƭƻǘ ǎǘǳŘȅ ŎƻƴŦƛǊƳ ǘƘŀǘ !ōŜƻƳŜΩǎ ǇŀǘŜƴǘŜŘ 

technologies and protocols outlined in Figure 1 produce not only antibodies that distinguish human 

visceral preadipocytes (hVPAs) from human subcutaneous preadipoctyes (hSCPAs), but also 

antibodies that inhibit adipogenesis and lipid accumulation (lipogenesis).  

http://www.abeomecorp.com/
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II. Results 
A. Immunization with human preadipocytes, 
serum titers, and specificity for PMAs 

A1. Serum Antibody Detection: ELISA 

Fourteen mice 7-8 weeks of age were pre-bled to obtain baseline serum antibody levels and then 

immunized intraperitoneally with human visceral preadipocytes. Of the mice immunized, three strains 

were represented: 1) six  AbeoMiceTM (triple transgenic mice engineered to contain the IL6, Iga, & Igb 

transgenes exhibiting enhanced immune response and with ability for its affinity matured B-cells 

(plasmacytes) to display on their surface the antibody each secretes, 2) six transgenic mice expressing 

human interleukin 6 under regulation of the major histocompatibility complex H2 Ld promoter (C.H2-Ld-

hIL-6; IL6 transgenics), and 3) two BALB/c mice. Booster injections were given 21 days post initial 

injection. Blood samples were taken 7 days after each boost and serum was assayed against 

immunogen. A second booster was given to some mice. These data are summarized in Table 1. Two 

mice, I.D. 0295 and I.D. 1862, exhibited higher titers than the other mice immunized and were used to 

generate hybridomas producing mAbs. 

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

 
aTiters based on whole cell ELISAs. # of injections is the total number, initial + booster.   

http://www.abeomecorp.com/
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A2. Serum titers and specificity for visceral adipocyte PMAs by IFM 
The transgenic mice had significantly higher serum reactivity to primary visceral human 

preadipocytes using whole cell ELISAs than the BALB/c immunizations, which had no detectable immune 

response. Two mice, 0295 and 1852, out of the fourteen exhibited serum titers at >1:4,000 dilution and 

were chosen to be harvested and sorted via !ōŜƻƳŜΩǎ ǇǊƻǇǊƛŜǘŀǊȅ DiSHTM technology (highlighted in 

Table I).  Interestingly, based on Immunofluorescence Microscopy (IFM), the sera from the mice 

immunized with the visceral preadipocytes showed strong reactivity to visceral preadipocytes, but very 

weak reactivity to subcutaneous preadipocytes and other related cell types (Figure 3). This is an 

important result, showing first that there are substantial quantitative and qualitative differences in the 

numbers and kinds of immune-epitopes presented by these two cell types. Further, this result suggests 

that therapeutic antibodies may be targeted against potentially harmful obese visceral adipocytes that 

will not impact less harmful subcutaneous adipocytes. 

 

 

Figure 3.  Immunofluorescence microscopy of primary human visceral preadipocytes (top) and subcutaneous 

preadipocytes (lower right) stained with DAPI (blue) and visceral preadipocyte antiserum (green). Immunizing 

with human visceral preadipocytes produced antibodies specific to visceral preadipocytes that were not reactive 

with human subcutaneous preadipocytes. The two lower right hand panels represent negative controls showing 

that the secondary immune-fluorescent reagents alone do not react with human PAs, without the addition of 

mAbs. Careful inspection of the cells in the microscope revealed that the plasma membrane was the primary 

target of these polyclonal antisera. 

http://www.abeomecorp.com/
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B. Mouse #1852: Harvest, Fusion and Single Cell 
Sorting  (Project ID 1046-3 130903-#1852) 

B1. Lymphoid Organ Harvest and Generation of Hybridomas 

Fourteen lymphoid tissue samples (Figure 4) (6.4 x 108 cells) were harvested from mouse #1852, 

processed, and pooled into a single suspension of lymphoid cells. Erythrocytes were lysed using 

ŀƳƳƻƴƛǳƳ ŎƘƭƻǊƛŘŜ ŀƴŘ ǊŜǎǳƭǘƛƴƎ ƭȅƳǇƘƻŎȅǘŜǎ ǿŜǊŜ ŦǳǎŜŘ ǿƛǘƘ !ōŜƻƳŜΩǎ ƎŜƴŜǘƛŎŀƭƭȅ ŜƴƎƛƴŜŜǊŜd 

myeloma fusion partner SP2ab. SP2ab was engineered to express B-cell receptor complex 

transmembrane proteins CD79A and CD79B to facilitate membrane expression of immunoglobulin in Ig-

secreting hybridomas1. Cells were dispensed into 10 T-Flasks with Fusion Cell Medium (FCM-catalog# 

48045) + HAT and fed after 3 days with Recovery Cell Medium (RCM-catalog #48047). After 7 additional 

days, fused cells were collected and prepared for FACS (fluorescent activated cell sorting).  

 

Figure 4. Lymphoid organs harvested from 

mouse #1852 and processed into a single 

cell suspension for FACS (fluorescent 

activated cell sorting). !ōŜƻƳŜΩǎ 

transgenic mice have an enhanced immune 

response (Table I), greatly enlarged 

lymphoid organs (left), and typically an 

order of magnitude increase in the number 

of antibody producing plasmacytes (not 

shown). 

 

 

 

 

1Price 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 membrane immunoglobulin as a means to identify monoclonal 
antibody-secreting hybridomas. J Immunol Methods 343: 28-41, 2009. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=19187782.  

100 mm 
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B2. Selection and Sorting of Antigen-Specific Surface Antibody 

Expressing Hybridomas: FACS Analysis  

The collected cells were first incubated with purified rat anti-mouse CD16/CD32 (mouse Fc block; 

BD Pharmingen) to block non-specific binding to mouse Fc receptors. Antigen specific antibody was 

detected with phycoerythrin (PE) labeled human visceral preadipocytes. Specifically, the PMAs on the 

surface of the cells were chemically labeled with biotin and the cells fragmented into membrane rafts by 

sonication. These biotin-tagged PMA membrane rafts were bound to hybridoma cells and fluorescently 

labeled with PE-Streptavidin. Surface antibody (Surface Ig) presented by most hybridomas cells was 

stained with Goat-Anti-Mouse-Antibody GAMA-IgG-APC conjugate (Invitrogen). Antigen-positive 

hybridomas were isolated as single cells by FACS as illustrated in Figure 5 (circled cell population). Cells 

expressing surface antibody reactive to both human visceral preadipocytes (PE) and GAMA-IgG (APC) 

were singly deposited (R3 population) into wells of a 96 well plate. A total of 2880 Ag/Ig+ clones were 

sorted. 

Figure 5. DiSHTM Selection of hybridomas making 

monoclonal antibodies mAbs to human 

preadipocytes. Abeome-patented hybridomas both 

secrete normal mAbs and surface express the 

membrane isoform of the same antibody, which 

enables FACS sorting of hybridomas. The direct 

selection and cloning of hybridoma cells surface-

expressing and secreting anti-preadipocyte 

antibodies is accomplished by staining HAT-

selected B cell/SP2ab fusions with PE-labeled 

formalin-fixed human visceral preadipocytes and a 

polyclonal antibody recognizing mouse 

immunoglobulin labelled with APC. Double-positive 

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 1046-3 131206-#0295) 

C1. Lymphoid Organ Harvest and Generation of Hybridomas 

Fifteen lymphoid tissue samples (Figure 6) were harvested from mouse #0295, processed, and 

pooled into a single suspension of lymphoid cells. Erythrocytes were lysed using ammonium chloride 

ŀƴŘ ǊŜǎǳƭǘƛƴƎ ƭȅƳǇƘƻŎȅǘŜǎ ǿŜǊŜ ŦǳǎŜŘ ǿƛǘƘ !ōŜƻƳŜΩǎ ƎŜƴŜǘƛŎŀƭƭȅ ŜƴƎƛƴŜŜǊŜŘ ƳȅŜƭƻƳŀ Ŧǳǎƛƻƴ ǇŀǊǘƴŜǊ 

SP2ab that enables co-surface expression of the membrane isoform of the secreted mAb.  Cells were 

dispensed into 10 T-Flasks with Fusion Cell Medium (FCM-catalog# 48045) + HAT and fed after 3 days 

with Recovery Cell Medium (RCM-catalog #48047). After 4 additional days, fused cells were collected 

and prepared for FACS (fluorescent activated cell sorting).  

 

Figure 6. Lymphoid organs harvested from 

mouse #0295 and processed into a single cell 

suspension for FACS (fluorescent activated cell 

sorting). See expanded legend with Figure 4 

and associated text for more details. 

 

 

 

 

 

 

 

1Price 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 
membrane immunoglobulin as a means to identify monoclonal antibody-secreting hybridomas. J Immunol Methods 343: 28-41, 2009. 
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Citation&list_uids=19187782. 
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C2. Selection and Sorting of Antigen-Specific Surface Antibody 

Expressing Hybridomas from mouse #0295: FACS Analysis  

The collected cells were first incubated with purified rat anti-mouse CD16/CD32 (mouse Fc block; 

BD Pharmingen) to block non-specific binding to mouse Fc receptors. Antigen specific antibody was 

detected with PE labeled human visceral preadipocytes. Specifically, the PMAs on the surface of the cells 

were chemically labeled with biotin and fragmented into membrane rafts by sonication. These biotin-

tagged PMA preparations were bound to hybridoma cells and fluorescently labeled with PE-Streptavidin. 

Surface antibody was stained with GAMA-IgG-APC conjugate (Invitrogen). Antigen- positive hybridomas 

were isolated as single cells by FACS as illustrated in Figure 7 (circled cell population). Cells expressing 

surface antibody reactive to both human visceral preadipocytes (PE) and GAMA-IgG (APC) were singly 

deposited (R3 population) into wells of a 96 well plate. A total of 1728 Ag/Ig+ clones were sorted. 

        
Figure 7. DiSHTM Selection of Preadipocyte mAbs 

from the #0295 mouse. The direct selection and 

cloning of hybridoma cells surface-expressing and 

secreting anti-preadipocyte antibodies is 

accomplished by staining HAT-selected B cell/sp2ab 

fusions with PE-labeled formalin-fixed human 

visceral preadipocytes and a polyclonal antibody 

recognizing mouse immunoglobulin labelled with 

APC. Double-positive cells (red circle) are sorted at 

1 cell/well into 96 well plates for expansion and 

further testing.  
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D. Whole cells ELISAs followed by 

immunofluorescence microscopy identifies mAbs 

that target PMAs on human preadipocytes  
 

Immunofluorescence microscopy (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 supernatant was screened against whole cells (human visceral 
preadipocytes) in an ELISA format (whole cell ELISAs).  A signal > 0.15 O.D. (i.e., >5 standard deviations 
above the background of ~0.05 O.D.) was noted as positive for binding. Ninety-three hybridomas clones 
selected for further study based on mAb antibody secretion and ELISA signal. These mAbs were assayed 
by immunofluorescence microscopy (IFM) to confirm PMA target-specific reactivity.  We identified 
twenty-four hybridoma clones making mAbs that specifically reacted with the plasma membrane (i.e., 
PMAs) of human primary visceral preadipocytes (hVPAs), but did not react significantly with two 
control cell types (Table 2, below). For the negative control cell types we used human mesenchymal 
stem cells (hMSCs) and human subcutaneous preadipocytes (hSPAs). Among those tested, many of the 
hVPA positive mAbs also reacted with mouse 3T3L1 preadipocytes. 

The 24 hVPA positive mAbs displayed a wide variety of immune-fluorescent microscope staining 
phenotypes ranging from (1) staining the entire plasma membrane, to (2) localized patterns staining 
only small portions of the plasma membrane, to (3) staining only clusters of cells interspersed with 
non-staining cells, to (4) punctate staining patterns. A fifth (5) IFM phenotype was also observed for 2 
mAbs and will serve as a particular example of the diversity of PMA staining patterns. These two mAbs, 
35C4 and 27D8, stained both what appears to be the plasma membrane and the nuclear membrane of 
human preadiocytes and to a lesser extent the same pattern in 3T3-L1 cells (Figure 8). A number of 
well-known receptors with relevance to both obesity and cancer are trafficked to both the plasma and 
nuclear membranes including type 1 insulin-like growth factor receptor (IGF-1R) and the epidermal 
growth factor receptor family (EGFRs, Erb-1, -2, -3, -4). 35C4 also stained the PMA and some nuclei of 
mouse 3T3L1 preadipocytes and stained porcine VAT nuclei, but the mouse and porcine staining 
appeared weaker than that on the human cells.  

Two mAbs, 2C6 and 10F7, were later shown to efficiently inhibit lipid accumulation (lipogenesis) 
during the differentiation of both human primary visceral preadipocytes and mouse 3T3-L1 
preadipocytes. Both appeared to stain the edges of subsets of in vitro cultured visceral preadipocytes 
(hVPAs), but not human subcutaneous preadipocytes (hSCPA) as shown in Figure 9. 10F7 also showed 
some punctate staining, which could for example, represent binding to clusters of surface receptors. 

 

  

http://www.abeomecorp.com/


  

 
Abeome Corporation, 111 Riverbend Rd, Athens, GA 30602  
P: 1-706-542-7889  
Website: www.abeomecorp.com 

 

Abeome anti-hVPA mAbs 

 

Page 13 of 34  

 

Table 2. Anti-Visceral Preadipocyte monoclonal antibodies were screened for isotype and plasma membrane 

reactivity by IFM against 5 cell lines. hMSC=human mesenchymal stem cells, hSPA=human subcutaneous 

preadipocytes, hVPA=human visceral preadipocytes, m3T3-L1=mouse preadipocyte cell line, dm3T3-

L1=differentiated mouse preadipocytes. Images were scored from ς (no PMA reactivity) to +++ (significant PMA 

reactivity for each cell line. NT=not tested. Images are shown at the right.  See close up IFM images of 27D8 and 

35C4 in Figure 8 and 10F7 and 2C6 in Figure 9 (boxed with a dotted red line here). 
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hMSC hSPA hVPA

m3T3-

L1

dm3T3-

L1

131206-2C6 IgG1,k NT +/- ++ NT NT

131206-2C7 IgG1,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 IgG2a/IgG3,k NT +/- ++ NT NT

131206-6G1 IgM,k NT +/- +++ NT NT

131206-6F5 IgG1,l 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

IFM Activity                             

Clone Isotype IFM VPA
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