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INTRODUCTION
Lipedema is an underdiagnosed disease affecting 

female patients showing a symmetrical subcutaneous fat 
distribution disorder of the upper and lower extremi-
ties.1 The patients have a limited quality of life caused by 
painful subcutaneous tissue, the development of edema, 
and the increased formation of hematoma.2 The increase 
in lipedema-associated subcutaneous adipose tissue is 
nearly unaffected by dietary or athletic interventions 
as well as physical devices. It is often misunderstood as 
obesity or lymphedema, which may lead to wrong ther-
apeutic options being chosen.3,4 Diagnosis criteria for 
lipedema include only clinical symptoms and morphol-
ogy.5 Lipedema is a painful accumulation of fatty tissue 
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Background: Lipedema is a disease typically affecting women with a symmetrical, 
painful fat distribution disorder, which is hypothesized to be caused by impaired 
adipogenesis, inflammation, and extracellular matrix remodeling, leading to 
fibrosis and the development of edema in lipedema subcutaneous adipose tissue. 
The pathogenesis and molecular processes leading to lipedema have not yet been 
clarified.
Methods: A whole transcriptome analysis of subcutaneous tissue of lipedema 
stages I (n = 12), II (n = 9), and III (n = 8) compared with hypertrophied subcu-
taneous tissue (n = 4) was performed. Further data about hormonal substitution 
and body morphology were collected. The study is registered at ClinicalTrials.gov 
(NCT05861583).
Results: We identified several differentially expressed genes involved in mecha-
nisms leading to the development of lipedema. Some genes, such as PRKG2, 
MEDAG, CSF1R, BICC1, ERBB4, and ACP5, are involved in adipogenesis, regulating 
the development of mature adipocytes from mesenchymal stem cells. Other genes, 
such as MAFB, C1Q, C2, CD68, CD209, CD163, CD84, BCAT1, and TREM2, are pre-
dicted to be involved in lipid accumulation, hypertrophy, and the inflammation 
process. Further genes such as SHTN1, SCN7A, and SCL12A2 are predicted to be 
involved in the regulation and transmission of pain.
Conclusions: In summary, the pathogenesis and development of lipedema might 
be caused by alterations in adipogenesis, inflammation, and extracellular matrix 
remodeling, leading to fibrosis and the formation of edema resulting in this painful 
disease. These processes differ from hypertrophied adipose tissue and may therefore 
play a main role in the formation of lipedema. (Plast Reconstr Surg Glob Open 2024; 
12:e6288; doi: 10.1097/GOX.0000000000006288; Published online 8 November 2024.)
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in specific regions such as the hips, thighs, lower legs, 
and/or arms.6 It can be subdivided into different stages 
as described by Kruppa et al.7

Lipedema is a chronic disease mostly starting with 
puberty.8 Some patients notice a progression boost after 
hormonal changes caused by pregnancy or menopause,8,9 
wherefore hormonal changes are hypothesized to lead to 
an impetus of this chronic disease.10 A genetical predis-
position as a main factor leading to lipedema is also dis-
cussed.11 Obesity is also a driving force for the progress of 
the disease.3,8

Standard therapies such as compression therapy by 
wearing compression garments and manual lymphatic 
drainage can temporarily reduce pain intensity.12 A long-
term effect can be reached by tumescent liposuction.13–15 
Liposuction slows the disease’s progress by reducing side 
effects from later staged symptoms, but it cannot cure 
lipedema.16,17

In conclusion, the etiopathogenesis of lipedema is 
rarely understood, the diagnostic tools are not highly spe-
cific, and the therapeutic options are limited. Therefore, 
this study is focusing on the differentiation of subcuta-
neous fatty tissue leading to this disease. We identified a 
specific RNA-expression pattern of lipedema-associated 
adipose tissue. Specific genes could be identified to play a 
role in proliferation and differentiation as well as inflam-
mation of lipedema-associated tissue. Additionally, a ques-
tionnaire was performed about hormonal substitution 
and body morphology (see Fig. 1).

MATERIALS AND METHODS
The study is an explorative study performing a tran-

scriptome analysis of human biopsies of subcutaneous 
fatty tissue comparing the expression pattern of patients 
with lipedema [diagnosis of lipedema stage (St.) I, II, or 
III, staging criteria as described in Kruppa et al7], with 

hypertrophied healthy adipose tissue. To exclude effects 
caused by obesity, a subgroup analysis was performed cor-
responding to a body mass index (BMI) of greater than 25 
and less than 34. Further, a questionnaire about hormonal 
substitution, body morphology [BMI, waist-to-height ratio 
(WHtR), waist-to-hip ratio (WHR)] was performed. (See 
appendix, Supplemental Digital Content 1, which displays 
the methods, http://links.lww.com/PRSGO/D612.) (See 
appendix, Supplemental Digital Content 2, which displays 
an overview of mean age, body measurements, and sub-
stitution of hormones, http://links.lww.com/PRSGO/
D613.) (See appendix, Supplemental Digital Content 3, 
which displays hormonal substitution, http://links.lww.
com/PRSGO/D614.) [See appendix, Supplemental Digital 
Content 4, which displays BMI, WHR, and WHtR. A, The 
comparison of the BMI between the control group (lipohy-
pertrophy) and the patients with lipedema St. I–III. A signif-
icant difference between the control group and lipedema 
stage II (P = 0.0042) and stage III (P = 0.0003) could be 

Takeaways
Question: How does lipedema develop and what are the 
pathomechanisms that lead to this disease?

Findings: Via whole transcriptome analysis of subcutane-
ous fatty tissue of patients with lipedema compared to 
hypertrophied fatty tissue, we identified 137 differentially 
expressed genes involved in mechanisms, leading to the 
development of lipedema. The pathogenesis of lipedema 
might be caused by alterations in the gene expression 
of mechanisms such as adipogenesis, inflammation, and 
extracellular matrix remodeling, leading to fibrosis and 
the formation of edema.

Meaning: Lipedema appears to be a multifactorial disease 
with altered adipogenesis, inflammatory processes, fibro-
sis, and also nociception.

Fig. 1. Graphical abstract. Biopsies from subcutaneous fat tissue of the thigh from patients with lipedema with different stages 
(study group) or hypertrophied fat tissue (control group) were obtained intraoperatively. The samples were processed and ana-
lyzed using NGS sequencing. The RNA expression differences between lipedema and the control group were then compared and 
the up- and down-regulated genes were shown in heatmaps. The altered gene expression pattern in lipedema patients provides 
information about which processes might differ. These include changes in adipogenesis, inflammation, and fibrosis of the subcu-
taneous tissue. This illustration was created by using Bioicons (https://bioicons.com/): sequence_histogram is licensed under CC0 
by Marcel Tisch; nudeotide-t/a/c/g-0 is licensed under CC0 by Emmett Leddin; C-DNA is licensed under CC-BY 4.0 Unported by 
DBCLS, and the icon is modified in size; lllumina_miseq is licensed under CC-BY 4.0 Unported by DBCLS; tweezers_noS is licensed 
under CC-BY 4.0 Unported by DBCLS; microtube-dosed is licensed under CC-BY 4.0 Unported by DBLS, and the icon is modified 
by overlay; obese-female is licensed under CC-BY 3.0 Unported by Servier and modified by detail clipping; fat tissue is licensed 
under CC-BY 3.0 Unported by Servier.
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found. B, The comparison of the WHR between the control 
group and the patients with lipedema St. I–III. A significant 
difference between the control group and lipedema St. II 
(P = 0.025) and St. III (P = 0.0112) could be found. C, The 
comparison of the WHtR between the control group and 
the patients with lipedema St. I–III. A significant difference 
between the control group and lipedema St. II (P = 0.0022) 
and St. III (P = 0.0001) could be detected. There is also 
a significant difference between lipedema St. I and II (P 
= 0.0246) as well as St. II and III (P = 0.0122). The figure 
shows the mean ± SD as well as the P value according to the 
significance level. The sample size is marked within the col-
umns, http://links.lww.com/PRSGO/D615.] (See table, 
Supplemental Digital Content 5, which displays the comor-
bidities of the patients with lipedema whose tissue samples 
were sequenced. None of the test subjects had diabetes mel-
litus, and very few had hypercholesterolemia or hypoten-
sion. Some of the patients with lipedema had varicosis or 
hypothyroidism usually due to Hashimotos thyroiditis. The 
comorbidity of hypertension occurs particularly in St. III, 
http://links.lww.com/PRSGO/D616.)

Sampling and Treatment Protocol
Before liposuctioned native samples of subcutaneous 

fatty tissue of the thigh region were collected after local anes-
thesia, the skin was incised and the fatty tissue was sampled 
via forceps biopsy. Each sample consisted of nearly the same 
amount of fatty tissue. The tissue samples were incubated 
with RNA later (Sigma-Aldrich) at 4°C following the instruc-
tion protocol and were sent to Eurofins Genomics (Konstanz, 
Germany). The RNA was isolated from the tissue, and after 
quality control (RNA integrity number, rRNA ratio 28s/18s), 
a cDNA library was created via bead-based poly-A-selection. 
Next-generation sequencing (NGS) analysis (Illumina HiSeq 
2500 technology and quality control using Illumina CASAVA 
software) was performed by Eurofins Genomics (Konstanz). 
The control group consisted of 4 patients. The patients with 
lipedema were stage-dependently divided into St. I (n = 12), 
St. II (n = 9), and St. III (n = 8). The raw data (fastq files) 
were downloaded from the servers and were further pro-
cessed as described in NGS Analysis.

NGS Analysis
After download of the fastq files, sequences were 

mapped to the human reference genome (GRCh38) using 
the aligner hisat2 (version 2.1.0). After sorting the files for 
improved data processing using Samtools (version 1.9), fea-
tureCounts tables were generated using the GRCh38.110 
annotation and the program featureCounts (version 2.0.3). 
The differential gene expression analysis of NGS data was 
performed in R using edgeR. Heatmaps were generated 
with Python (version 3.11.2) using bioinfokit (version 2.1.3).

Statistics of Clinical Data (Questionnaire)
Data are reported as mean ± SD. The statistical analysis 

was done with the t test calculator of GraphPad Dotmatics 
(https://www.graphpad.com/quickcalcs/ttest1.cfm) 
using an unpaired t test to determine the significance. 
Results were marked on their significance level as follows:  
P < 0.05 (*), P < 0.01 (**), P < 0.001 (***).

RESULTS
The average age was distributed homogeneously in all 

groups (Supplemental Digital Content 2, http://links.lww.
com/PRSGO/D613).

Questionnaire
There is a significant difference between the control 

group and lipedema St. II (P = 0.0042) and St. III (P = 0.0003) 
looking at the mean values of BMI. There is a significant dif-
ference in WHR between the control group and lipedema 
St. II (P = 0.025) and St. III (P = 0.0122). Regarding WHtR, 
there is a significant difference between the control group 
and lipedema St. II (P = 0.0022) and St. III (P = 0.0001). 
Further, a significant difference between lipedema St. I and 
II (P = 0.0246) as well as St. II and III (P = 0.0122) could be 
detected.

Considering the substitution of hormonal contracep-
tives, patients with lipedema St. III showed the longest 
phase of substitution of hormones with an average of 15.41 
(±8.49 SD) years. The difference to the control group is 
statistically significant (P = 0.0463) (Supplemental Digital 
Content 2–5, http://links.lww.com/PRSGO/D613, http://
links.lww.com/PRSGO/D614, http://links.lww.com/
PRSGO/D615, http://links.lww.com/PRSGO/D616).

Transcriptome Analysis
The analyzed samples have an RNA integrity number 

of 5–10 and have an average library length of 420–507 base 
pairs. Compared to the control group, 1 gene is signifi-
cantly downregulated in lipedema St. I, but no significant 
upregulated gene could be found; in lipedema St. II, 43 
upregulated genes as well as 14 downregulated genes could 
be identified; and in lipedema St. III, the expression level 
of 70 genes is upregulated and that of 9 genes is downregu-
lated. The gene codes, names, fold changes, and P values are 
listed in Supplemental Digital Content 6–8. (See appendix, 
Supplemental Digital Content 6, which displays heatmaps of 
differentially expressed genes in lipedema, http://links.lww.
com/PRSGO/D617.) (See appendix, Supplemental Digital 
Content 7, which displays NGS analyses and gene informa-
tion about differentially expressed genes in lipedema, http://
links.lww.com/PRSGO/D618.) (See table, Supplemental 
Digital Content 8, which displays differentially expressed 
genes in lipedema, http://links.lww.com/PRSGO/D619.)

The differentially expressed genes, which are predicted 
to be involved in adipogenesis, obese adipose tissue remodel-
ing, lipotoxicity, and inflammation, are displayed in a heat-
map (Supplemental Digital Content 6, http://links.lww.com/
PRSGO/D617). A total of 24 genes were identified that are 
upregulated in both St. II and St. III. A slight dynamic in the 
form of an increase or decrease in the expression level with 
increasing stage could be observed (Supplemental Digital 
Content 8, http://links.lww.com/PRSGO/D619).

BMI-corrected Subgroup Analysis
The patients in the control group (n = 3) and the 

lipedema St. III group (n = 3) were selected depending on 
their BMI. The BMI of both groups is homogenous with an 
average BMI of 28.07 (±4.48 SD) in the control group and 
an average BMI of 27.1 (±1.02 SD) in St. I, 29.6 (±1.23 SD) 

http://links.lww.com/PRSGO/D615
http://links.lww.com/PRSGO/D616
https://www.graphpad.com/quickcalcs/ttest1.cfm
http://links.lww.com/PRSGO/D613
http://links.lww.com/PRSGO/D613
http://links.lww.com/PRSGO/D613
http://links.lww.com/PRSGO/D614
http://links.lww.com/PRSGO/D614
http://links.lww.com/PRSGO/D615
http://links.lww.com/PRSGO/D615
http://links.lww.com/PRSGO/D616
http://links.lww.com/PRSGO/D617
http://links.lww.com/PRSGO/D617
http://links.lww.com/PRSGO/D618
http://links.lww.com/PRSGO/D618
http://links.lww.com/PRSGO/D619
http://links.lww.com/PRSGO/D617
http://links.lww.com/PRSGO/D617
http://links.lww.com/PRSGO/D619
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in St. II, and 31.4 (±2.73 SD) in St. II. There is no significant 
difference in BMI between control and study groups [(P 
(St. I) = 0.733; P (St. II) = 0.606; P (St. III) = 0.3374]. A total 
of 7 genes are differentially expressed in St. II and 5 genes 
are significantly upregulated in St. III in a BMI-corrected 
manner in lipedema (Supplemental Digital Content 6 and 
7, http://links.lww.com/PRSGO/D617, http://links.lww.
com/PRSGO/D618).

DISCUSSION
The average age of the control group and the 

lipedema groups is distributed homogeneously, where-
fore an age-dependent regulation can be excluded. The 
results of the transcriptome analysis include many char-
acterized and uncharacterized transcripts (Supplemental 
Digital Content 7, http://links.lww.com/PRSGO/D618), 
and this discussion focuses on characterized transcripts. 
As hypothesized, lipedema might be hereditary,4,18 and a 
hormone-dependent dysregulation via estrogen is also dis-
cussed. Our data show a significant difference in the dura-
tion of contraceptive hormone substitution between the 
control group and St. III. Lipedema-associated fatty tissue 
shows a higher distribution density of estrogen receptors 
and stimulates itself by releasing estrogen as a paracrine 
hormone.10 The effect of progesterone is also present in 
adipose tissue by increased expression of progesterone 
receptors in subcutaneous tissue.19 In female rats, it could 
be shown that progesterone especially in addition to estro-
gen substitution is leading to adiposity.20 As sexual hor-
mones are also accumulated in adipose tissue, the effect 
of estrogen and progesterone might be potentiated.21,22  

We identified some genes that are regulated in a hormone-
dependent manner and whose expression is dysregulated 
in lipedema. Our data indicate that ACTG2, MEDAG, and 
NEGR1 are differentially expressed in lipedema. ACTG2 is 
known to be involved in the formation of adipose tissue 
in correlation to the hormone level.23 NGER1 is known to 
regulate central nervous activity in different brain areas 
under feeding conditions,24 and a dysregulation in neu-
rons as well as subcutaneous tissue might lead to obesity.25 
In mouse models, a gender-specific alteration of NEGR1 
expression with an obese phenotype in mice could be 
found.26 MEDAG is a mesenteric estrogen–dependent adi-
pogenesis factor, which is highly regulated via estrogen 
and is an important factor in adipogenesis.27

Differentially Expressed Genes Involved in Adipogenesis
Adipocytes are formed from mesenchymal stem cells 

(see Fig. 2). The pool of mesenchymal stem cells is also 
used for the formation of muscle tissue, osteoblasts, and 
chondrocytes. Undifferentiated mesenchymal stem cells 
rise to preadipocytes that later become early adipocytes. 
The first step is driven by Peroxisome proliferator-activated 
receptor gamma (PPARγ) as main regulator.28 Some of our 
upregulated genes in lipedema such as SEMA6D, MEDAG, 
and LEGUMAIN are predicted to regulate PPARγ.27,29,30. We 
identified two additional genes—FBN1 and PRKG2—upreg-
ulated in lipedema that are also predicted to lead to the 
development of preadipocytes via an unknown pathway.31–33 
The formation of preadipocytes might lead to a forced 
adipogenesis, and therefore, to a leakage of osteoblasts, 
chondrocytes, and myocytes. The reversal strategy might be 

Fig. 2. Potential regulation of adipogenesis in lipedema. The signaling pathway of adipogenesis displays 
the difference of mesenchymal stem cells to mature adipocytes via known signaling cascades. Known regu-
lating factors of adipogenesis are marked in black. Factors that might be involved in the development of 
lipedema based on our data analysis were shown in red and their activating or inhibiting effects were labeled 
accordingly.

http://links.lww.com/PRSGO/D617
http://links.lww.com/PRSGO/D618
http://links.lww.com/PRSGO/D618
http://links.lww.com/PRSGO/D618
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the upregulation of EMILIN2 confirmed by our data.34,35 In 
patients with lipedema, a valgus osteoarthritis in the knee 
and a skew foot formation is observed.36 The reason for this 
has always been seen in the massive burden on the fatty tis-
sue. Supporting our data, it should also be considered that 
depletion of the mesenchymal stem cell pool and a shift in 
balance toward adipogenesis may result in a loss of bone 
strength, a reduced cartilage mass, and muscle weakness.

In the second step, the preadipocytes differentiate into 
early adipocytes triggered by signaling molecules such as 
FGF2, PREF-1, and PPARγ. PPARγ and PREF-1 are proad-
ipogenic factors, whereas the role of FGF2 might be ambiv-
alent.37 NEGR1 is inducing FGF2, and MEDAG is inducing 
PPARγ leading to differentiation.27,38,39 PREF-1 is negatively 
regulated by PTTG,40 which can be a reversal strategy to 
slow down adipogenesis, or depending on the protein 
level, the loss of PPTG needs to be compensated by upreg-
ulation of the RNA expression. Both NEGR1 and MEDAG 
are upregulated in lipedema. The known marker gene for 
preadipocytes SLCO2B141 is also enriched in our data, sug-
gesting that preadipocytes and differentiation might play 
an important role in lipedema. The stimulation of prolif-
eration takes place via the IGF/AKT signaling pathway via 
ACP5.42 In lipedema, ACP5 is increased leading to a faster 
proliferation rate compared to hypertrophied fatty tissue. 
Early adipocytes differentiate and mature into late adipo-
cytes, stimulated by factors such as CEPBA, CEBPB, PPARγ, 
and adiponectin. MEDAG is directly activating CEBPB and 
PPARγ,27 whereas CEBPB is inhibited via Wnt signaling 
pathway. BICC1 and the lncRNA LYPLAL1 are leading to 
an inhibition of the Wnt signaling pathway, whereby the 
inhibition of adipocytes differentiation disappears.43,44 The 

proadipogenic factors BICC1 and lncRNA LYPLAL1 are 
both upregulated in lipedema. CEBPB is also activated via 
the extracellular signal-regulated kinase signaling path-
way by CSF1.45 We identified an increased expression of 
the CSF1R in lipedema-associated fatty tissue, which might 
cause an increased sensitivity to CSF1 in adipocytes finally 
leading to an activation of CEBPB. In accordance with our 
data, Nankam et al46 identified the soluble CSF1 as marker 
of lipedema in peripheral blood. CSF1 is also known to 
play a role in the activation of the JAK-STAT3 and STAT5 
pathways, which are both involved in adipogenesis via 
CEBPA.47,48 We further identified MRC1 and CD68, which 
are both upregulated in lipedema. The MRC1/CD68 ratio 
is known to correlate with the adiponectin level and both 
proteins are predicted to regulate adipogenesis and lipo-
genesis via different pathways.49

Cell Growth, Lipotoxicity, Inflammation, and Pain
Mature adipocytes are growing and become hypertro-

phic by increasing their lipid storage via lipid accumula-
tion in lipid droplets.50,51 We identified several genes that 
are predicted to be involved in these processes: MAFB, 
F13A1, and NTRK3.52–54 The hypertrophy leads to hypoxia 
of the subcutaneous tissue, which on the one hand leads 
to the release of proangiogenic factors, but on the other 
hand also causes apoptosis and necrosis. The proangio-
genic and prolymphogenic factors OLFLM3 and CNN1 are 
leading to angiogenesis in obese fatty tissue,55,56 and both 
are differentially expressed in lipedema. Therefore, tissue 
destruction increases, and a chronic inflammatory process 
of fatty tissue develops: in St. II and III, most inflammatory 
factors are increasingly expressed (see Fig. 3), leading to a 

Fig. 3. Potential pathological processes of lipedema. The process of fatty tissue lipedema might be caused by changes in cell 
size, impaired lipid accumulation, lymphangiogenesis and angiogenesis, inflammation and ECM remodeling, and fibrosis. These 
processes are fired by hypoxia, vascular dysfunction, and immune response, which contributes to the development of a chronic 
inflammatory process. This ultimately leads to changes in the ECM resulting in fibrosed tissue with increased pain. Genes that are 
involved in the development of lipedema via these pathological processes based on our data analysis are shown in red.
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destruction of the extracellular matrix (ECM). Three fac-
tors LUM, EMILIN2, and FBN1 are upregulated in lipedema 
and are components of the proteoglycan–microfibril scaf-
fold of the ECM, which becomes degraded by ECM process-
ing enzymes, resulting in a massive increase of mechanical 
stress.57 The tissue thus fibrosed fires up again the inflam-
mation process, leading to swollen and painful tissue. More 
than 90% of patients with lipedema describe a neuropathic 
pain, which might be caused by sensory neurons’ activity 
intensified by this chronic inflammation.58 We identified 
2 neuronal ion channels SLC12A2 and SCN7A, and 1 neu-
ronal factor SHTN1, which are differentially expressed in 
lipedema and which might be involved in the origin and 
regulation of pain.59–61

Obesity as a Symptom of Lipedema
Obesity seems to be an intertwined comorbidity of 

lipedema, particularly with progress in increased stage. 
There is a difference in weight between the control group 
and the patients with lipedema caused by the increase of 
lipedema-associated fatty tissue. Considering the BMI, the 
WHR, and the WHtR, the WHR and the WHtR appear to 
represent a possibility to measure fat distribution rather 
than overweight, whereas BMI is the best method to 
describe the obesity effect (Supplemental Digital Content 
4, http://links.lww.com/PRSGO/D615).

BMI-corrected Subgroup Analysis
The BMI-corrected subgroup analysis showed that 

some genes are exclusively associated with lipedema. 
ERBB4 is downregulated in lipedema and is predicted to 
be involved in the adipogenesis. ERBB4 might be a direct 
regulator of the differentiation of preadipocytes via the 
extracellular signal-regulated kinase/PPARγ pathway.62 It 
is known that ERBB4 is downregulated in adipose tissue. 
Further ERBB4 is a proangiogenic factor that is strongly 
expressed in healthy adipose tissue but downregulated in 
hypertrophied and hypoxic adipose tissue. The hypoxia 
might be caused by the reduced formation of blood vessels 
due to the lack of proangiogenic growth factor ERBB4.63

We identified BCAT1 upregulated in lipedema, which 
is predicted to be upregulated with weight gain, whereas 
downregulated with weight loss.64,65 There are different 
hypotheses about the effect of BCAT1: the cytosolic BCAT1 
initiates the formation of branched chained amino acids, 
which are predicted to be involved in metabolic malfunc-
tion of different diseases such as obesity and diabetes, but 
the tissue-specific mechanism is actually unknown.66 In 
BCAT1 knockout mice, increased energy expenditure was 
found in a wide variety of tissues.67 It is postulated that 
BCAT1 is a proangiogenic factor and proliferation fac-
tor, leading to cell growth and tissue growth in tumors68 
or might be involved in inflammation processes.69 The 
role of BCAT1 in adipose tissue is unclear, but it seems to 
be a key regulator of lipedema. BCAT is upregulated in 
lipedema St. II and III and even independently of obesity.

As named above, Lumican (LUM) is an ECM protein 
regulating adhesion of cells to the microfibril scaffold 
and linking interfibrillar molecules.70 LUM is also respon-
sible to regulate cell growth, proliferation, autophagy, and 

apoptosis of different cells71 and might also be associated 
with the recruitment of neutrophils to inflamed tissue and 
wound healing. It is predicted that LUM regulates the 
Erk1/2 pathway, which is an important pathway in differen-
tiation of adipocytes. In cell culture of adipocytes, it could 
be shown that higher levels of LUM lead to a forced adipo-
genesis.72 Known from cancer research, it is also discussed 
that LUM might be an antiangiogenic factor leading to a 
rarefication of blood vessels.73 LUM is an important factor 
for the integrity of the ECM. In the mouse model, it was 
found that overexpression of LUM leads to fibrosis and 
inflammation with a sex-specific alteration in LUM expres-
sion in adipose tissue of male and female mice.74

Several inflammation markers, such as CD84, CD163, 
and CD209, are upregulated in lipedema St. II and III, 
independent of the obesity effect. CD84 might be a mem-
brane receptor of macrophages, which is predicted to be 
a key regulator of proinflammatory processes in adipose 
tissue.75,76 CD209 is known to be overexpressed in the adi-
pose tissue of women supposed to inhibit adiponectin 
expression and upregulate leptin expression.77 CD163 and 
CD209 are both markers of anti-inflammatory M2 macro-
phages,78 which are regulated by different adipokines and 
cytokines as well as local hypoxia. Adipose tissue–specific 
macrophages might also be involved in regulating the 
development of adipose tissue and adipogenesis.79 Kruppa 
et al80 postulated also the importance of M2 macrophages 
in inflammation and the formation of fibrosis in lipedema 
confirming our data. CD163-positive macrophages are 
also predicted to be regulators of lipedema-associated 
activation of adipocyte differentiation from stem cells and 
increasing the lipid accumulation. Further, M2 macro-
phages are involved in the CD163-mediated hemoglobin 
scavenging mechanisms.81 This mechanism might lead 
to the release of anti-inflammatory cytokines. CD163 and 
hemoglobin are increased in the acute phase of inflamma-
tion and this mechanism is regarded to be a rescue mecha-
nism to counteract the inflammation.82 This mechanism 
might be very important in lipedema-associated inflam-
mation because we also identified hemoglobin subunit γ 
as well as an uncharacterized protein of the globin family 
downregulated in lipedema. This downregulation might 
be caused by compensating the oversupply of hemoglobin 
in acute inflammation of lipedema-associated fatty tissue.

The assumptions refer exclusively to the whole tran-
scriptome analysis and must be validated by further inves-
tigations analyzing the tissue and cell specific protein 
levels and protein interaction mechanisms.

CONCLUSIONS
Lipedema seems to be a multifactorial disease with a dys-

regulation of cell differentiation, adipogenesis, and prolifer-
ation, leading to mechanical and hypoxia-induced cellular 
alterations. The pathological processes lead to inflamma-
tion, resulting in a cellular and extracellular remodeling 
with the expression of a lipedema-specific expression pat-
tern of regulatory genes. This study elucidates aspects of the 
pathophysiology of lipedema and therefore gives a perspec-
tive for new therapeutic options in the future.

http://links.lww.com/PRSGO/D615
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