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The metabolic consequences of obesity arise from local inflammation within expanding

adipose tissue. In pre-clinical studies targeting various inflammatory factors, systemic

metabolism can be improved through reduced adipose inflammation. Lymphatic vessels

are a critical regulator of inflammation through roles in fluid and macromolecule transport

and immune cell trafficking and immunomodulation. Lymphangiogenesis, the expansion

of the lymphatic network, is often a necessary step in restoring tissue homeostasis. Using

Adipo-VD mice, a model of adipocyte-specific, inducible overexpression of the potent

lymphangiogenic factor vascular endothelial growth factor-D (VEGF-D), we previously

identified that dense de novo adipose lymphatics reduced immune accumulation

and improved glucose homeostasis in obesity. On chow diet, however, Adipo-VD

mice demonstrated increased adipose tissue immune cells, fibrosis, and inflammation.

Here, we characterize the time course of resident macrophage accumulation and

lymphangiogenesis in male and female Adipo-VD mice fed chow and high fat diets,

examining multiple adipose depots over 4 months. We find that macrophage infiltration

occurs early, but resolves with concurrent lymphatic expansion that begins robustly

after 1 month of VEGF-D overexpression in white adipose tissue. In obesity, female

Adipo-VD mice exhibit reduced lymphangiogenesis and maintain a more glycolytic

metabolism compared to Adipo-VD males and their littermates. Adipose lymphatic

structures appear to expand by a lymphvasculogenic mechanism involving lymphatic

endothelial cell proliferation and organization with a cell source we that failed to

identify; hematopoietic cells afford minimal structural contribution. While a net positive

effect occurs in Adipo-VD mice, adipose tissue lymphangiogenesis demonstrates a

dichotomous, and time-dependent, inflammatory tissue remodeling response.
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FIGURE 3 | Metabolic analyses of male and female Adipo-VD mice during high fat and chow diet conditions. (A) Weight gain curve for high fat diet fed –rtTA and

+rtTA male (n = 5,3) and female (n = 3,3) Adipo-VD mice over 4 months. (B) Weight gain curve for chow diet fed –rtTA and +rtTA male (n = 6,3) and female (n = 8,3)

(Continued)
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FIGURE 3 | Adipo-VD mice over 4 months. Metabolic cage data were obtained during the light and dark cycles following over 24 h of acclimatization. (C) Cumulative

average respiratory exchange ratio [RER: VCO2 (generation)/VO2 (consumption)], average heat production, and cumulative 12-h food intake for high fat diet fed –rtTA

and +rtTA male Adipo-VD mice. n=5,3. (D) Cumulative average respiratory exchange ratio (RER), average heat production, and cumulative 12-h food intake for chow

fed –rtTA and +rtTA male Adipo-VD mice. n = 6,3. (E) Cumulative average respiratory exchange ratio (RER), average heat production, and cumulative 12-h food

intake for high fat diet fed –rtTA and +rtTA female Adipo-VD mice. n=3,3. (F) Cumulative average respiratory exchange ratio (RER), average heat production, and

cumulative 12-h food intake for chow fed –rtTA and +rtTA female Adipo-VD mice. n = 8,3.

TABLE 3 | Characteristics of the mice used in this study.

Months Sex Genotype Mass (g) IWAT:bw (x10∧2) GWAT:bw (x10∧2) BAT:bw (x10∧2) GLUCOSE (MG/Dl)

HIGH FAT DIET

1 M –rtTA 47.2 ± 5.4 1.7 ± 0.50 1.2 ± 0.70 0.7 ± 0.10 135.1 ± 41.3

M +rtTA 37.3 ± 4.7 0.8 ± 0.30 1.2 ± 0.13 0.7 ± 0.06 84.60 ± 16.1

F –rtTA 24.4 ± 5.7 0.9 ± 0.28 1.3 ± 0.12 0.9 ± 0.32 156.2 ± 22.5

F +rtTA 24.2 ± 6.0 0.9 ± 0.35 1.3 ± 0.10 0.8 ± 0.10 141.5 ± 22.9

2 M –rtTA 35.8 ± 5.8 0.8 ± 0.20 1.7 ± 0.37# 0.1 ± 0.05 117.5 ± 30.9

M +rtTA 30.7 ± 1.8 1.3 ± 0.40 1.3 ± 0.08 0.9 ± 0.10 94.60 ± 28.5

F –rtTA 31.0 ± 5.9 1.0 ± 0.10 1.3 ± 0.13 0.8 ± 0.60 88.00 ± 2.40

F +rtTA 35.6 ± 2.4 0.7 ± 0.07 1.5 ± 0.42 1.0 ± 0.60 99.50 ± 14.2

3 M –rtTA 48.8 ± 3.1 2.8 ± 0.10 1.7 ± 0.01# 1.6 ± 0.23*# 172.0 ± 43.3

M +rtTA 54.2 ± 1.7 2.0 ± 0.70 1.6 ± 0.03 0.9 ± 0.32 193.5 ± 19.1

F –rtTA 29.6 ± 4.7 0.3 ± 0.05 1.4 ± 0.30 0.9 ± 0.02 94.60 ± 4.90

F +rtTA 28.4 ± 4.3 0.9 ± 0.30 1.4 ± 0.20 0.9 ± 0.40 117.6 ± 17.8

4 M –rtTA 42.4 ± 4.7 1.7 ± 0.80 1.7 ± 0.70# 1.6 ± 0.10# 98.00 ± 21.1

M +rtTA 43.6 ± 8.1* 1.5 ± 0.50 1.6 ± 0.12 1.3 ± 0.32# 88.20 ± 1.70

F –rtTA 35.4 ± 5.4 1.6 ± 0.10 1.9 ± 0.20# 1.3 ± 0.45 97.30 ± 11.4

F +rtTA 33.3 ± 7.6 0.9 ± 0.20 1.9 ± 0.09# 1.3 ± 0.44 86.80 ± 44.5

CHOW DIET

1 M –rtTA 32.2 ± 5.2 1.2 ± 1.1 1.1 ± 0.44 1.3 ± 0.13 144.1 ± 28.5

M +rtTA 34.2 ± 0.9 0.9 ± 0.04 1.3 ± 0.60 0.9 ± 0.30 117.3 ± 30.9

F –rtTA 21.4 ± 1.6 0.5 ± 0.10 1.1 ± 0.86 0.8 ± 0.30 118.2 ± 19.6

F +rtTA 22.2 ± 0.6 0.5 ± 0.19 1.3 ± 0.08 1.1 ± 0.11 116.2 ± 12.6

2 M –rtTA 43.4 ± 10 1.2 ± 0.30 1.3 ± 0.09 0.9 ± 0.2.1 104.4 ± 21.3

M +rtTA 36.6 ± 17 1.5 ± 0.01 1.4 ± 0.77 0.1 ± 0.30 123.6 ± 23.7

F –rtTA 21.2 ± 2.4 0.5 ± 0.20 1.2 ± 0.03 0.8 ± 0.02 87.20 ± 25.9

F +rtTA 23.0 ± 1.4 0.6 ± 0.20 1.4 ± 0.1.1 0.9 ± 0.04 93.20 ± 22.7

3 M –rtTA 34.2 ± 3.7 0.6 ± 0.05 1.7 ± 0.40# 1.2 ± 0.01 129.6 ± 15.9

M +rtTA 34.2 ± 5.5 1.1 ± 0.34 1.4 ± 0.60 0.1 ± 0.12 142.6 ± 31.4

F –rtTA 22.3 ± 2.6 0.5 ± 0.20 1.5 ± 0.01 0.7 ± 0.43 93.40 ± 27.7

F +rtTA 23.9 ± 3.4 0.6 ± 0.20 1.4 ± 0.02 1.1 ± 0.90 101.8 ± 18.2

4 M –rtTA 22.1 ± 2.3 1.4 ± 0.76 1.8 ± 0.30# 1.3 ± 0.20 126.3 ± 4.10

M +rtTA 27.6 ± 6.1 1.4 ± 0.70 1.5 ± 0.01* 1.0 ± 0.12 136.3 ± 2.50

F –rtTA 28.2 ± 5.0 1.0 ± 0.60 1.5 ± 0.20 0.7 ± 0.40 94.90 ± 19.0

F +rtTA 29.1 ± 3.9 1.4 ± 0.20* 1.6 ± 0.20 1.2 ± 0.32 107.6 ± 27.4

Values represent the mean ± SD. IWAT, inguinal white adipose tissue; GWAT, gonadal white adipose tissue; BAT, brown adipose tissue; bw, body weight. Glucose levels were measured

in the fasted state, 30min following insulin injection. *indicates significant difference between genotypes, # indicates significant difference from 1-month.

lymphatic structures, but did not appear to make any significant
structural contribution to the vessels (Figure 4F). Absent
further lineage tracing, the precise cell source of expanding
adipose lymphatics remains unclear. Lymphatic proliferation
and potentially other non-hematopoietic cell types may
therefore contribute toward lymphvasculogenesis in Adipo-VD
mouse adipose tissues.

Discussion
Obesity presents a chronic, inflammatory remodeling process
in adipose tissue. Inflammation-associated lymphangiogenesis
is often necessary to ameliorate inflammation, but despite
increased expression of VEGF-C and VEGF-D reported in
obesity, lymphatic vessels remain sparse in adipose tissue and
those present demonstrate reduced function (Arngrim et al.,
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FIGURE 4 | VEGF-D induces LEC proliferation within the inguinal adipose depot. (A) Month 2 and 4 immunolabeling of proliferating (Ki-67, red) lymphatics (LYVE1,

green) in the inguinal adipose depot of chow fed male –rtTA and +rtTA mice. Blue = DAPI and scale bars = 20µm. (B) Number of Ki-67 positive lymphatic nuclei per

(Continued)
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FIGURE 4 | 4 cm2 section of subcutaneous inguinal adipose of male and female mice. n = 5, 5. (C) Whole mount images of LYVE1+ (green) and Prox1-tdTomato

(red) cells and structures in –rtTA and several +rtTA Adipo-VD mouse subcutaneous adipose tissues at 4 months. Scale bars = 50µm. (D) Month 2 and 4

immunofluorescence for lymphatics (LYVE1, red) and CD11b+ macrophages (green) in inguinal adipose of –rtTA and +rtTA mice at 2 months. Arrows = potential

interaction. Blue = DAPI and scale bars = 20µm. (E) Some Mac2 crown-like structure macrophages (red) can be found to be VEGFR-3 (green) positive (arrow). Blue

= DAPI and scale bars = 20µm. (F) Immunofluorescence of LYVE1 (green) and Prox1-tdTomato (red) bone marrow-derived cell expression in –rtTA and +rtTA brown

adipose tissues at 2 months. *P < 0.05 vs. –rtTA.

2013; Redondo et al., 2020). In this study we demonstrate that
locally increasing VEGF-D levels specifically in the adipose
tissue of Adipo-VD mice augmented lymphatic vessel structure
formation in subcutaneous adipose depots. Obesity does not
impair this expansion and male mice demonstrated greater
lymphatic densities than females. Despite increased numbers
of Mac2+ crown-like structures present in Adipo-VD inguinal
adipose depots early, these are significantly reduced over time.
Male Adipo-VD mice exhibit a more oxidative metabolism,
while female Adipo-VD mice are more glycolytic in obesity
than their respective –rtTA littermates. Finally, we identified that
the lymphvasculogenesis process of new lymphatic structures in
Adipo-VD adipose tissue includes LEC proliferation and other
cells of unconfirmed identity.

Lymphatic vessels and adiposity have an intimate relationship.
Dysfunctional lymphatics may cause adipose tissue expansion
and obesity; conversely, conditions of expanding adipose
tissue—obesity, lymphedema, and lipedema—appear to inhibit
lymphatic function (Lim et al., 2009; Garcia Nores et al., 2016;
Gousopoulos et al., 2017; Al-Ghadban et al., 2019; Gasheva
et al., 2019). Reduced lymphatic density has also reported
in obese mice (Garcia Nores et al., 2016). In studying the
time course of lymphangiogenesis in Adipo-VD mice, we have
found that high fat diet feeding and obesity do not impair
lymphatic growth. Lymhpangiogenesis occurs quickly and is
visually present at 1 month and quantitatively significant at 2
months in obese Adipo-VD mice, faster than the 4 months
it required under chow conditions. It is possible that obesity
simply does not slow an already rampant process, with induced
VEGF-D synergizing with already elevated VEGFR-3 ligands,
rather than inhibiting existing lymphatics once truly obese.
VEGFR-3 signaling may also improve downstream collecting
lymphatic vessel contractility (Breslin et al., 2007), or help to
maintain progenitor cells in a lymphatic-like Prox-1+VEGFR-
3+ phenotype (Srinivasan et al., 2014), potentially increasing
lymphatic function and enhancing lymphangiogenesis in Adipo-
VD adipose tissues. Lack of noticeable lymphangiogenesis in the
gonadal adipose depot is surprising. The adiponectin promoter is
active there with a demonstrated ability to overexpress VEGF-C
and VEGF-D (Nitschke et al., 2017; Chakraborty et al., 2019). The
depot, particularly in obesity, may demonstrate lower promoter
activity as adiponectin levels decline (Sun et al., 2014) or the
adult depot may harbor fewer of the cell pools that contribute
to induced lymphangiogenesis discussed later. Higher levels or
earlier VEGF-D expression, when the tissue is first forming, may
still promote visceral lymphangiogenesis.

Adipose tissue inflammation is a hallmark of the metabolic
syndrome. Murine studies targeting various immune cell,
inflammatory cytokines, fibrotic matrix components, or the

vasculature have demonstrated that by limiting the inflammatory
response in adipose tissue, systemic health may be protected
(Rutkowski et al., 2015). Previous studies manipulating VEGFR-3
signaling in obesity have demonstrated that mice overexpressing
VEGF-C in the skin have impaired metabolism in obesity
and that systemic VEGFR-3 blockade reduces VEGFR-3+
pro-inflammatory M1 macrophage numbers in adipose tissue
(Karaman et al., 2015, 2016). In both male and female Adipo-
VD mice, under both chow and high fat diet feeding, adipose
VEGF-D induction significantly increases macrophage numbers,
judged by Mac2 immunolabeling. This accumulation at 1 month,
however, was reduced over time, coinciding with significant
lymphatic expansion in each condition. We previously reported
that increasing lymphatics in adipose tissue increased immune
cell migration from the inguinal subcutaneous adipose tissue
to the inguinal lymph node (Chakraborty et al., 2019), so
these macrophages may migrate away. Alternatively, as Mac2
is indicative of adipose crown-like structures that form around
dysfunctional adipocytes, improved adipose tissue health may
necessitate fewer of these cells. The inflammatory markers tested
were largely unchanged between –rtTA and +rtTA Adipo-VD
mice. Few differences between –rtTA and +rtTA mice in protein
products of these genes was reported previously (Chakraborty
et al., 2019), but to find no elevation over time in obesity is
surprising. It could be that these mice never fully developed the
metabolic syndrome or that these markers were measured in the
metabolically responsive inguinal depot that saw little increase in
mass over time; therefore it is possible inflammatory genes were
more upregulated in the gonadal depot that demonstrated the
most weight gain in obesity.

Local lymphatic endothelium may serve as an
immunomodulatory site, dampening the immune response
within the tissue through innate and acquired mechanisms that
were not examined in this study (Maisel et al., 2017; Lane et al.,
2018). It is also possible that dense lymphatics in Adipo-VD
adipose may act like fat associated lymphoid clusters (FALCs) in
the tissue (Benezech et al., 2015; Camell et al., 2019). Resident B
cells in agingmouse FALCs were recently identified to be negative
regulators of adipose health compared to splenic B cells (Camell
et al., 2019). While a significant increase in B cell recruitment
was previously identified in Adipo-VD adipose (Chakraborty
et al., 2019), we failed to identify any co-localization of larger
number of B220+ cells with new lymphatic structures by
immunofluorescence (not shown); increased B cells may still
play a role in the tissue. Obesity also reduces lymph node
tissue structure, which may be prevented with lymphangiogenic
signaling in Adipo-VD mice (Solt et al., 2019). Our study and
others’ demonstrate that elevated VEGF-D is likely chemotactic
toward pro-inflammatory cells, but chronic overexpression in
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Adipo-VD mice reduces immune accumulation through several
potential mechanisms.

Following the same VEGF-D induction protocol, we
previously demonstrated the Adipo-VD mice are protected
from obesity’s metabolic syndrome, with improved glucose
handling and reduced liver lipid deposition (Chakraborty et al.,
2019). The mice used in this timecourse characterization were
largely equivalent across genotype from a body weight, adiposity,
and fasting glucose level. While HFD fed mice did gain more
weight than those fed on chow they were not overly obese
(averaging <50 g), which makes identifying changes in adipose
inflammation and the metabolic syndrome more challenging.
Both male and female Adipo-VD mice were more oxidative,
judged by a lower RER, on chow diet than their littermates. Males
maintained this difference on HFD, while females were more
glycolytic. This could be due to overall “healthier” adipose tissue.
An alternative interpretation of this data may be how readily
Adipo-VD mice adapt to a different fuel source: RER should
be reduced once HFD is introduced (Asterholm et al., 2012b).
Female Adipo-VD RER was low at ∼0.67 under both feeding
conditions. Adipo-VD mice may thus be primed for fatty acid
utilization in contrast to VEGF-D knockout mice that exhibit
higher lipid levels (Tirronen et al., 2018). The roles of lymphatics
in lipid utilization are an active area of study in the field.

Both the sprouting of pre-existing lymphatic vessels and
circulating transdifferentiating cells have been identified
to contribute toward late developmental and adult
lymphangiogenesis. Several studies found that non-venous
cells, or non-LECs, contribute to lymphatic expansion in the
dermis, heart, and mesentery (Ulvmar and Makinen, 2016).
Several potential cell sources were proposed in these studies,
including circulating angioblasts or hemogenic endothelial
cells (Klotz et al., 2015; Martinez-Corral et al., 2015; Stanczuk
et al., 2015). Hematopoietic, Vav1+/Tie2- cells contributed to
cardiac lymphatics (Martinez-Corral et al., 2015). Past studies
in the cornea identified CD11b+ macrophages contributing
to new lymphatics (Maruyama et al., 2005). Hyperplasia of
existing vessels and sprouting lymphangiogenesis was previously
reported with high levels of VEGF-C overexpression in adipose
(Nitschke et al., 2017). Characterization of lymphatics in healing
mouse hearts identified two separate mechanisms or sub-
populations of cells, sprouting lymphangiogenesis and isolated
LECs, contributing toward expanding lymphatics; the cell source
of the new LECs was unclear (Gancz et al., 2019). Recently, an
imaging study identified LYVE1+ cells from both endothelial
and hematopoietic lineage within human adipose tissue
(Redondo et al., 2020). This study reinforced that hematopoietic
LYVE1+CD45+ cells associate with adipose lymphatics, but
they do not form their structure. While LYVE1+ adipose
macrophages have been previously implicated in angiogenesis
(Cho et al., 2007), our data does not confirm their role in
lymphangiogenesis. Rather, we identified proliferation of tissue
LECs (once present) and a lymphvasculogenesis mechanism that
includes potentially LYVE1+ Prox1− cell clusters, but largely
excluded cells of hematopoietic origin. Interestingly, lymphatics
failed to populate Adipo-VD white adipose tissue following
irradiation suggesting that the cell source may have been lost

or transformed. Bone marrow adipocytes survive irradiation
and do have an impact on the hematopoietic microenvironment
(Naveiras et al., 2009): it is possible that expressing VEGF-
D during a period of reconstitution changes the marrow
populations or their differentiation. There are also tissue-
resident and non-hematopoietic endothelial cell precursor pools
that demonstrate importance in adipose tissue vascularization
(Gavin et al., 2016; Panina et al., 2018). More rigorous lineage
tracing experiments, potentially targeting macrophages or
PDGFβ+ cells (Ulvmar et al., 2016), would be necessary to truly
identify these cells. These experiments in Adipo-VD mice may
provide future understanding of the adult lymphvasculogensis
process and these new vessels’ immunomodulatory functions.

In conclusion, overexpression of VEGF-D in adipose tissue
induces macrophage crown-like structure formation and a
lymphvasculogenesis process of increased lymphatic vessel
density. Increased lymphatics reduce the number of resident
adipose tissue macrophages over time and increase systemic
fatty acid utilization. The results of local VEGFR-3 activation
within adipose tissue thus represent a dichotomous, and time-
dependent inflammatory tissue remodeling response.
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Supplementary Figure 1 | Subcutaneous inguinal adipose lymphatics and

inflammation in chow fed male Adipo-VD mice. (A) LYVE1 (green)

immunofluorescence of lymphatic structures in male –rtTA and +rtTA

subcutaneous inguinal adipose following 1, 2, 3, and 4-month chow diet feeding.

(B) LYVE1 pixel area fold change comparison between –rtTA vs. +rtTA mouse

inguinal depots quantified from random imaging and all values normalized to –rtTA

tissues at 1 month. (C) Podoplanin immunofluorescence (green) of lymphatic

structures in male –rtTA and +rtTA inguinal adipose depot following 1 and

4-month chow diet feeding. (D) Podoplanin pixel area fold change comparison

between –rtTA vs +rtTA inguinal depot quantified from random imaging and all

values normalized to –rtTA tissues at 1 month. (E,F) QPCR time course relative

expression of Lyve1 and Pdpn between –rtTA and +rtTA inguinal depot

normalized to untreated control mouse adipose. (G) Macrophage Mac2+ crown

like structures (red) in –rtTA and +rtTA male subcutaneous inguinal adipose depot

following 1, 2, 3, and 4-month chow diet feeding. (H) Mac2+ pixel area fold

change comparison between –rtTA vs +rtTA inguinal depot quantified from

random imaging and all values normalized to –rtTA tissues at 1 month. (I) QPCR

immune profile of IL6, IL10, TNF-α, TGF-β, CD206, F4/80, and ratio of

CD206:F4/80-fold change across the time course normalized to untreated control

mouse adipose. Images (A–G), blue = DAPI and scale bars = 20µm. (B,H) n =

8,8. (D–F,I) n = 5,5. ∗P < 0.05 vs. –rtTA; #P < 0.05 vs. 1 month.

Supplementary Figure 2 | Gonadal adipose tissue lymphatics and crown-like

structures. Representative images of LYVE1 (green) and Mac2 (red)

immunofluorescence find no lymphatics within the gonadal adipose tissue depot

of chow and HFD –rtTA and +rtTA mice. Blue = DAPI and scale bars = 20µm.

Supplementary Figure 3 | Interscapular brown adipose lymphatic expansion in

high fat diet and chow fed male Adipo-VD mice. (A) LYVE1 (green)

immunofluorescence of lymphatic structures in male –rtTA and +rtTA interscapular

brown adipose tissue following 1, 2, 3, and 4-month high fat diet feeding. (B)

LYVE1 pixel area fold change comparison between high fat diet fed –rtTA vs +rtTA

mouse brown adipose depots quantified from random imaging and all values

normalized to –rtTA tissues at 1 month. (C) LYVE1 (green) immunofluorescence of

lymphatic structures in male –rtTA and +rtTA interscapular brown adipose tissue

following 1, 2, 3, and 4-month chow diet feeding. (D) LYVE1 pixel area fold

change comparison between chow fed –rtTA vs +rtTA mouse brown adipose

depots quantified from random imaging and all values normalized to –rtTA tissues

at 1 month. Images (A,C) blue = DAPI and scale bars = 20µm (B,D) n = 8. ∗P <

0.05 vs. –rtTA.

Supplementary Figure 4 | Subcutaneous inguinal adipose lymphatics and

inflammation in chow fed female Adipo-VD mice. (A) LYVE1 (green)

immunofluorescence of lymphatic structures in female –rtTA and +rtTA

subcutaneous inguinal adipose following 1, 2, 3, and 4-month chow diet feeding.

(B) LYVE1 pixel area fold change comparison between –rtTA vs +rtTA mouse

inguinal depots quantified from random imaging and all values normalized to –rtTA

tissues at 1 month. (C) Podoplanin immunofluorescence (green) of lymphatic

structures in female –rtTA and +rtTA inguinal adipose depot following 1 and

4-month chow diet feeding. (D) Podoplanin pixel area fold change comparison

between –rtTA vs +rtTA inguinal depot quantified from random imaging and all

values normalized to –rtTA tissues at 1 month. (E,F) QPCR time course relative

expression of Lyve1 and Pdpn between –rtTA and +rtTA inguinal depot

normalized to untreated control mouse adipose. (G) Macrophage Mac2+ crown

like structures (red) in –rtTA and +rtTA female subcutaneous inguinal adipose

depot following 1, 2, 3, and 4-month chow diet feeding. (H) Mac2+ pixel area fold

change comparison between –rtTA vs +rtTA inguinal depot quantified from

random imaging and all values normalized to –rtTA tissues at 1 month. (I) QPCR

immune profile of IL6, IL10, TNF-α, TGF-β, CD206, F4/80, and ratio of

CD206:F4/80-fold change across the time course normalized to untreated control

mouse adipose. Images (A–G), blue = DAPI and scale bars = 20µm. (B,H) n =

8,8. (D–F,I) n = 5,5. ∗P < 0.05 vs. –rtTA; #P < 0.05 vs. 1 month.

Supplementary Figure 5 | Interscapular brown adipose lymphatic expansion in

high fat diet and chow fed female Adipo-VD mice. (A) LYVE1 (green)

immunofluorescence of lymphatic structures in female –rtTA and +rtTA

interscapular brown adipose tissue following 1, 2, 3, and 4-month high fat diet

feeding. (B) LYVE1 pixel area fold change comparison between high fat diet fed

–rtTA vs. +rtTA mouse brown adipose depots quantified from random imaging

and all values normalized to –rtTA tissues at 1 month. (C) LYVE1 (green)

immunofluorescence of lymphatic structures in female –rtTA and +rtTA

interscapular brown adipose tissue following 1, 2, 3, and 4-month chow diet

feeding. (D) LYVE1 pixel area fold change comparison between chow fed –rtTA vs

+rtTA mouse brown adipose depots quantified from random imaging and all

values normalized to –rtTA tissues at 1 month. Images (A,C) blue = DAPI and

scale bars = 20µm (B,D) n = 8. ∗P < 0.05 vs. –rtTA.

Supplementary Video 1 | Three-dimensional rendering of –rtTA mouse inguinal

adipose tissue lymphatics. Prox1-tdTomato+ lymphatic vessels immunolabeled in

–rtTA inguinal adipose with an anti-tdTomato antibody then visualized by light

sheet microscopy following PEGASOS tissue clearing.

Supplementary Video 2 | Three-dimensional rendering of +rtTA mouse inguinal

adipose tissue lymphatics. Prox1-tdTomato+ lymphatic vessels immunolabeled in

+rtTA Adipo-VD inguinal adipose with an anti-tdTomato antibody then visualized

by light sheet microscopy following PEGASOS

tissue clearing.
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