Morphology of Lipedema | Encyclopedia.pub

Morphology of Lipedema

Subjects: Cell Biology
Contributor: Ankita Poojari , Kapil Dev , Atefeh Rabiee

Lipedema is an adipofascial disorder that almost exclusively affects women. Lipedema leads to chronic pain,
swelling, and other discomforts due to the bilateral and asymmetrical expansion of subcutaneous adipose tissue.
Although various distinctive morphological characteristics, such as the hyperproliferation of fat cells, fibrosis, and
inflammation, have been characterized in the progression of lipedema, the mechanisms underlying these changes
have not yet been fully investigated. In addition, it is challenging to reduce the excessive fat in lipedema patients
using conventional weight-loss techniques, such as lifestyle (diet and exercise) changes, bariatric surgery, and
pharmacological interventions. Therefore, lipedema patients also go through additional psychosocial distress in the
absence of permanent treatment. Research to understand the pathology of lipedema is still in its infancy, but
promising markers derived from exosome, cytokine, lipidomic, and metabolomic profiling studies suggest a
condition distinct from obesity and lymphedema. Although genetics seems to be a substantial cause of lipedema,
due to the small number of patients involved in such studies, the extrapolation of data at a broader scale is
challenging. With the current lack of etiology-guided treatments for lipedema, the discovery of new promising

biomarkers could provide potential solutions to combat this complex disease.

lipedema chronic disease adipose tissue fat disorder

| 1. Introduction

In the clinic, lipedema is frequently misdiagnosed as obesity, lymphedema, lipodystrophies, or other fat disorders. It
is distinct in its manifestation as solely affecting the upper and lower extremities with a disproportional deposition of
subcutaneous fat, sparing the hands and feet W2, Although the diagnosis of lipedema does not exclude the
presence of obesity and lymphedema (especially the latter, which is typically present as a comorbidity in the
advanced stages of lipedema), it is essential to have a correct diagnosis to manage the symptoms in the early
stages of the disease Wl Lipedema patients at an advanced stage experience severe long-term pain and
significant psychosocial distress, including depression, eating disorders, and social isolation ! due to fat-shaming
and a lack of adequate medical treatment. Lipedema affects nearly 11% of adult women and postpubertal females
globally. As it has been estimated in reports, it could potentially affect millions of adult women in the United States
alone, with an incidence of approximately one in nine women B8l [ipedema is characterized by tenderness to
palpation, easy bruising, and the bilateral and asymmetrical expansion of inflamed subcutaneous adipose tissue
(SAT) I8 The manifestation of lipedema often coincides with periods of hormonal changes that occur throughout
puberty, after pregnancy, or during the menopause stage [ and may be inherited 9. Although several
morphological characteristics are altered in the SAT of lipedema patients, the mechanisms underlying such

changes have not yet been clarified. In addition to the nature of the fat, the potential roles of several other factors,
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such as the immune and lymphatic systems, in the development of lipedema have also been investigated. Unlike
obesity, adipocyte hypertrophy and the localized deposition of fat in the SAT of lipedema patients often do not
respond to dietary (caloric) restrictions, exercise, and bariatric surgery L2 Therefore, further studies to
investigate novel biomarkers and mechanistically understand lipedema’s onset and progression are essential. This
effort is expected to aid in the timely diagnosis and, eventually, develop treatment modalities toward a better

therapeutic outcome for patients with lipedema.

| 2. Components of Adipose Tissue and Its Heterogeneity

The health status and function of adipose tissue (AT) depend on the fat-storing adipocytes and the complex
intercellular communication between the several cell types residing within the tissue. Heterogenous AT is not solely
composed of mature adipocytes but is also composed of adipocyte precursors/stem cells, immune cells, blood
cells, and lymphatic capillaries consisting of endothelial cells (ECs) L3Il |t has become evident that the growth,
expansion, and physiological function of white adipose tissue (WAT), a weight-regulated organ, is highly controlled
by cross-talk between each of its cellular components, with a central role for the vascular endothelium lining the
blood vessels 121, Microvessels or capillaries within the adipose vasculature are composed of a thin layer of ECs,
within which pericytes—a type of supporting cell—are enmeshed, allowing for the efficient delivery of gases, fluids,
and essential macromolecules to the parenchyma cells 18, AT features continuous capillaries with tightly arranged
ECs, which are impervious to paracellular leakage and oversee the delivery of nutrients in a trans-endothelial
manner (i.e., through the endothelium) through highly controlled mechanisms 2218 This continuous endothelial
arrangement is accomplished by establishing tight junctions between neighboring cells and a constant membrane
along the vessels 22, |t is shown that when an individual AT achieves its maximum growth rate, it loses the ability
to store lipids further, resulting in lipid leakage from the tissue, ectopic lipid deposition in peripheral organs, and a
systemic deterioration in metabolic health 19, Although the endothelium was initially thought to be merely a barrier,
it has recently emerged as a dynamic unit that regulates many critical functions of AT 22! such as the volume and
type of lipids stored in various fat depots 29, To maintain a healthy microenvironment within the AT, adipocytes are
surrounded by interstitial fluid (IF) and are supported by a network of extracellular matrix (ECM) proteins that
provide structural integrity 21, However, as explained above, morphologically, the SAT in lipedema is pathologically
altered. Studies on lipedema have included precursor cells and mature adipocytes, as well as impaired adipose
vasculature, including the adipose endothelium, the involvement of the IF and lymphatic system, ECM remodeling,

and the deposition of collagen, all synchronously promoting fibrosis and edema in the affected tissue [,

| 3. Morphology of Lipedema SAT

A study focused on the morphological assessment of lipedema stem cells derived from the subcutaneous flank.
Lateral thigh adipose tissues (tATs) revealed a significant increase in cell number 22, The increased cell number
was accompanied by an elongated, partly spindle-shaped appearance, with rounded nuclei at 11-14 days of
culture without adipogenic stimuli. However, on days 7 and 14 of culture with adipogenic stimuli, the cell

morphology changed from having a spindle-like appearance to having an adipocyte-like shape 2. Investigation of
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the SAT in lipedema patients from the lower extremities showed hypertrophic and hyperplastic adipocytes,
increased intercellular fibrosis 122, crown-like structures, elevated macrophage levels 23] and a morphologically
distinct appearance compared to healthy control tissue 22! (Figure 1). It has also been reported that the AT of an
individual with lipedema undergoes major structural and functional reprogramming 22, including increased

unstimulated lipid release 24, tissue inflammation, and excessive fluid accumulation 8125,
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Figure 1. Representation of subcutaneous adipose tissue (SAT) characteristics pattern in lipedema. (A) The SAT
location and deposition in the body; (B) skin tissue cube presenting their residing components; (C) characteristics
of lean adipose tissue accompanied by ECM, immune cells, and various forms of typical fat droplets; (D)
hypertrophy and hyperplasia in SAT with immune-cell requirements; and (E) inflammation, excessive fluid

deposition, and swelling in the upper leg/thigh, which are the common characteristic of individuals with lipedema.

4. Excess Interstitial Fluid, Contributing Factors, and
Consequences
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The swelling caused by adipose hypertrophy occurs in a distinctively symmetrical form in lipedema, which, unlike
lymphedema, does not show overt interstitial edema (28] However, excessive fluid accumulation in the interstitial
space is often a common characteristic of progressed lipedema. Increased limb capillary pressure, changes in
tissue structure, extra blood vessels with excessive permeability, increased lymphatic area, and inadequate

lymphatic outflow are the potential contributing factors that facilitate fluid accretion in lipedema 22,

The increased IF in lipedema allows for the palpation of individual fat lobules as nodules [Z. Moreover, the blood
and lymphatic flow have been revealed to be slower in the gynoid SAT in lipedema 28, Under inadequate flow,
inflammatory and fibrotic lesions develop in SAT, leading to chronic pain and palpation 2. Meanwhile, livedo
reticularis and capillary fragility in lipedema LCT can make individuals more prone to bruising BE%. |n nonlipedema
SAT, groups of adipocytes called fat lobules readily glide over one another beneath the skin on tiny wet fibers,
giving the skin a uniformly smooth and soft feel B4,

On the other hand, the lipedema tissue exhibits some defining features, such as (1) inflammation that leads to
tissue fibrosis in the ECM [23132 and (2) the formation of palpable fibrotic nodule-like structures within the skin 8.
The aberrant elastic fibers seen in the skin lesions of lipedema patients are thought to be partly caused by
progressive mineralization 23l. The loss of smooth consistency and the development of pearl-sized (5 mm) nodules
close to the lymph nodes are features of lipedema SAT, which represent tenderness to palpation 2124, |barra et al.
examined nodules that were either within one centimeter of the skin or directly beneath it. These nodules were
found to be similar to the palpable lumps felt on examination. Thus, they revealed a connection between blood
vessels and hyperechoic masses (~1 c¢m in size) in lipedema and Dercum’s disease 22, Notably, such a mass was

suggested to indicate a leaky vessel, a bruise, or inflammation around a vessel—all symptoms found in lipedema.

| 5. Stages of Lipedema

Lipedema involves fluid in the fat at more advanced stages of the disease. Enlarged blood vessels, skin
microangiopathy, and various forms of nodules (i.e., rice-grain, pearl-sized, or larger-sized nodules in LCT) are
observed during the progression of lipedema, especially in women [EI[34135]36] Based on the tissue structure,
mobilizing pattern, and pathology, lipedema is characterized by four progressive stages (Table 1). In stage |, the
patients present with a smooth skin texture, an enlarged subdermis, pearl-sized nodules in a hypertrophic SAT
layer (which are painful once in a while), and a subdermal pebble-like feel due to underlying LCT fibrosis. The
following occurs in stage Il: skin depressions with pearl- to apple-sized masses that form in the skin, AT, palpable
nodules, and bands of perilobular fascia that thicken and contract, an inflamed appearance of the skin (due to
progressive fibrotic changes), and pulling down of the skin in a mattress pattern (due to excess tissue). In stage lll,
patients feature more painful, increased lipedema tissue that is more fibrotic in texture with numerous large
subdermal nodules and overhanding lobules of tissue, as well as fat on the arms, hips, thighs, and around the
knees. Moreover, in comparison to stage | or stage I, the skin thins and loses elasticity, allowing the SAT to grow
excessively and fold over, further inhibiting the flow BZ, which can eventually lead to lipolymphedema or
lymphedema in stage Il B8, In stage IV, lipedema is characterized by lipolymphedema (concomitant lymphedema)

which develops in the presence of both lipedema and lymphedema, featuring large overhangs of fat tissue on the
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legs or arms, and large fat tissue extrusions on the legs that progress to lipolymphedema, thus representing a

more advanced stage in most cases 2. Notably, during all stages of lipedema, lipolymphedema (a condition similar

to lymphedema) can occur B2, For this reason, lipedema is often confused with other metabolic disorders, such as

lymphedema, obesity, lipodystrophies, and other fat-related diseases [1%. Therefore, investigating the dysfunctional

physiological mechanisms underpinning lipedema is quite challenging for researchers.

Table 1. Stages of lipedema are categorized based on adipose tissue structure, mobilization pattern, and

pathological conditions observed under clinical investigation of patients with lipedema.

Stage |

» Smooth skin texture,
enlarged subdermis,
and pearl-sized
nodules in a
hypertrophic SAT

layer.

e Once in a while
painful and has a
subdermal pebble-
like feel due to
underlying loose

connective tissue

Stage Il

e Skin depressions with

pearl-to-apple large-
sized masses that
form in the skin and

adipose tissue.

Palpable nodules and
bands of perilobular
fascia thicken and

contract.

Inflamed appearance
of skin due to
progressed fibrotic
changes, pulling the
skin down in the
mattress pattern due

to excess tissue.

Stage Il

o Patients feature more

painful, increased
lipedema tissue that
is more fibrotic in
texture, with
numerous large

subdermal nodules.

Skin thins and loses
elasticity, allowing
SAT to grow
excessively and fold

over, inhibiting flow.

Stage IV

It is characterized by
lipolymphedema
(concomitant
lymphedema with

lipedema).

Features large
overhangs of fat tissue
on legs or arms and
large fat tissue
extrusion on the legs.
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