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Introduction

This study aims to find out how water fasting affects inflammation in fat tissue.

Conclusions

This study shows that there is an increase in inflammation with water fasting over a 10 day period.

Water fasting leads to significant weight loss and fat loss.
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ABSTRACT

Objective: The human adaptive fasting response enables survival during periods of caloric deprivation. A crucial component of the fasting
response is the shift from glucose metabolism to wtilization of lipids, underscoring the importance of adipose tissue as the central lipid-stoding
organ. The objective of this study was to investigate the response of adipose tissue to a proionged fast in humans.

Methods: We RNA of adipose tissue samples longitudinally collected during a 10-day, 0-calorie fast in
humans. We further observed utilizing cuftured human monocytes and Thp! cells. We examined the
cellularity of adipose tissue biopsies with electron and tested for iated changes in relevant mediators
in the systemic circulation by ELISA assays of longitudinally collected biood samples.

Results: Coincident with the expected shift away from glucose utilization and lipid storage, we demonstrated downregulation of pathways
related to glycalysis, oxidative phospharylation, and lipogenesis. The canonical lipolysis pathway was also dovwnreguiated, whereas fasting drove
alternative fysosomal paths to lipid digestion. Unexpectediy, the dominant induced pathways were associated with immunity and inflammation,
although this only became evident at the 10-day time point. Among the mast were those with

Identity and function, such as members of the ery! specific (ETS) factor family. Key components of the
macrophage transcriptional signal in fasting adipase tissue were recapitulated with induced expression of two of the ETS transcription factors via
cultured macrophages, SPIC and SPI1, The inflammatory signal was further reflected by an increase in systemic inflammatory mediators,
Conclusions: Collectivety, m-s stwy deﬂmnsu'am an unexpected role of mehabohc |nﬂammaw in the human adaptive fasting

response.
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1. INTRODUCTION gluconeogenesis [4,5]. By 48—72 h into a fast, lipid metabolism fa-
cilitates sparing the vital protein backbone of the organism [4].

Humans can survive periods of fasting lasting well beyond a month, in  resulting in catabolism of lipid-derived fatty acids via beta axidation, or

contrast Lo rodent models that succumb to starvation within days. The
adaptive responses that enable survival during fasting periods are
relevant beyond the context of famine or psychiatric conditions asso-
ciated with self-induced starvation [1]. On the one hand, evolutionary
selection for efficiencies that have enabled humans o survive cycles of
famine may explain human obesogenic tendencies, the so-calied
thrifty gene hypothesis [2]. Conversely, caloric restriction or fasting
may drive beneficial pathways in disease states including hyperten-
sion, atherosclerosis, diabetes, and cancer and may prolong lifespans
13]. These collective factors underscore the ongoing interest in regu-
fatory mechanisms that drive the fasting response.

Adagting to fasting Involves a series of ifts (4].

in the case of red blood cells and the central nenvous system, utilization
of Wpid-derived ketone bodies.

As the dominant lipid storage depot. adipose tissue (AT) plays a central
role in the adaptive transition from glucose metaboksm to catabolism of
stored lipids during fasting. Adipocytes mobilize lipids from intracellular
protein-coated triglycerde droplets. Since triglycerides cannot directly
cross the plasma membeane, the canonical view holds that they are
mmdbylwlﬁﬁmtnlhacucmbmm"nfmnolﬁuianywds the

which
fipase (ATGL), hormone sensitive lipase nSLl and maonoacylgycerol
), which catalyze emoval of the

chains from thy mmever several Ines of evtuenoe

The requirement for glucose s Initially supported by giycogenolysis
and utilzation of muscle-derived amino aeids as substrate for

suggest that atemative memanlsms may also be involved in the mobé-
lzation of adipocyte lpid stores, First, loss of function of the gene
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1. Caloric restriction drives beneficial pathways against

hypertension (blood pressure), athersclerosis (blood
vessel plaque build up), diabetes, and cancer. Fasting
leads to metabolic shifts where the cells undergo
glycogenolysis (breakdown of glycogen) and use amino
acids for gluconeogenesis (glucose production), but
48-72 hours into the fast, the cells use fat for the
production of ketones and use fat for energy, directly.

. Adipocytes (fat cells) release lipids (fat molecules) from

themselves by breaking off fatty acids from the
triglyceride backbone known as glycerol. This process
occurs through three enzymatic reactions: 1. adipose
triglyceride lipase, 2. hormone sensitive lipase, 3.
monoacylglycerol lipase. However, there is another way
fat cells release lipids that is independent of these
enzymes. Rather, adipocytes release entire triglycerides
into the interstitial space (environment between the
blood vessel and the fat cell) and macrophages
(immune cells) break up the triglycerides, themselves.
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enceding HEL, LIFE, is manifested by relatively small adipocytes, not the
larpa adipocytes that might be expected fram & pure defect in lipid
catabolism [7]. Second, genaefic delefion of critical lipase ganes in mice
‘attenustes, but doss not neulralize, AT ipolysis [E,5]. Third, recent musine
shudies pointed 1o an allernative mechanism of adpocyte Foid mobiliza-
tion, whereby resident macrophages may support lipolysis in AT by
catabolizing trighcendes that have been released into the intersitial
space as a core companent of adipocyte-derived vesices [10),
Challenges to the cananical view of lipolysis, coupled with the more
peneral centrality of the rale of AT in the adeptive fasting response,
provided a rafionale fo revisit the AT response to fasting through un-
biased, genome-scale franscripional profing. We previously per-
farmed a 10-ay zaro-calarie fast in healthy volunteers [11]. Here, we
describe the transcriptional response to fasting in a subset of subjects
from whom we aso obtained seral subcutanecus AT beopsies at three
prespecified ime ponts, inchusive of the transition o lipld metabolism
and contraction of AT mass. We unexpectedly discovered attenuation
of transcripts for genes involved in the cananical lipolysis pathweys,
instead finding induction of transcriptional signatures associated with
Iysoeomal function and inflammation, including SPC, an ETS tran-
scription factor and candidate requiator of macrophage specification.
SPIC gain of function in cultured monocytes recapitulated key com-
panents of the inflammatary transcriptional signature evident in whole
AT with fasting. The transcriptional inflammatory signal was further
reflected by increased resident macraphages in AT biopsy specimens
and an increase in systemic inflammatory mediators, Collectively, this
study demonstrates an unexpected role for metabolic inflammatian in
the human adaptive fasting responsa,

2. METHODS

21, Human fasting study

This study was approved by the Pariners HealthCare institutional Re-
view Board (Boston, MA, USA) and complied with the Heath Insurance
Portability and Accountability Act guidelines, Written informead consant
was phtained from all the subjects,

We praviousty published the pratocol for the 10-day inpatient fasting
shudy [11]. In this repart, we present data for a subsat of 7 subjects who
undarwent serial subcutaneous AT biopsies. Subjects ware recruited
through online advertisements. All had normal hyroid function and
regular menstrual cycles (women). Subjects with a history of an eating
dsorder or any chronic liness, Includng diabetes mellitus, were
excluded. The subjects were admitied to the Center for Clinical Inves-
tigation at Brigham and Women's Hospital for & 10-day fast in the
moeming afier fasting avernight, During the inpatient fast, their only aral
intake consisted of water adl fibém, a daily multivitemin, 20 mEq of
patassum chiorida daily to pravent hypakalemia, and 200 mg of allo-
purinol dasly. Serial subcutaneous AT biopeies were collecled from the
periumbibcal region on the moming of admission (baseling, time = 0),
day 1 {moming after admission), and the morming of the final day of the
fast (day 10} A T4-gauge Temno blopsy device was utilzed, which
enabied the directed collection of core samples such that different re-
ions could be sampled at different fime points, Human fat specimens
wera immediately placed in RNAlater (Life Technologies) and stored
at —80 “C. Ona sample was glso fied in 4% paraformaldehyda.

2.2, Body composition

Body comgosition, including tat meass (kg) and percentage of body fat,
was measured in all the study subjects using DXA (Halogic Discovery
A; Hologlc Inc.). Coeffickents of variation of DXA have besn reported as
less than 2.7% for fat mass [29),
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2.3. RMNA saguencing

Total RNA was extracted and purified from human fat specimens using
& Diagan ANaeasy Micro kit (Qiagen), and residual ganomic OMA was
Turther remaved by an an-columa DNase digestion kit {Diager). Library
construclion, sequencing, and data analysis were perdormed at the
Center for Cancer Computational Biology Core Faciities at Dana-Farber
Cancer Institute (DFCY. Sequencing Mbraries were prepared using a
SMART-Seq Ultra Low Input RMA kit (Clantech), The resulting library
size distributions were analyzed using a Bioanalyzer (Agilent), The
concentration of the library was determined using a DNA High-
Sensifivity Qubit assay, and the final functional library concentration
was determined through gPCR wsing Mumina adaptor-specific prmers
wilh a KAPA SYBR FAST Universal gPCR kit (Sigma—Aldrich). The li-
brary poals were loaded at final concentrations of 2 pM on single-read
75 fiow cels and sequenced on an lumina NextSeq 500 platform.
Sequencing reads were aligned 1o the reference genome (Ensemdl
GRChAT.75) using the RMA-specific STAR aligner (v2.3.124),

2.4, Quantitative real-time PCR

AMA extraction, cDNA preparation, and gPCR ware performed as
praviously described [25]. Briefly, cells wera placed in TRlzal Life
Technalogies) and RHA exracted according to the manufacturer's
protocol, cONA was synihesized using a High-Capacity cDNA Reverse
Transcription kit (Life Technologies). qPCR was performed using Power
SYBR Green Master (Applled Blosystems) and a QuantStudio 5 Real-
Time PCR System (Applied Blosystems). The mix expression was
normalized to beta-actin ACTE), and the AACt method was used fo
calculate the fold change in transcript levels. Primers usad in the qPCR
reactions are listed in Table 53.

2.5, Transmission eleclron microscopy

Human AT samples that had been collected in 4% paraformaldetyde
were post-fixed and embedded as previously descrbed [20] with 2%
osmium tefraxide (9 R followed by owemight incubation with 1%
oemium tetrowice and 1.5% potassium ferrocyanide prior fo embedding
in EPON. Thin sections (80 nm) were maunted on siot grids and imaged
with & JEDL 1200EX scope. In adjacent sections that had bean stained
with toluidine blua, the fotal number of adipocyles were courtted.

2.8. Sefumn and plasma analyses

AP P ELISA
an intra-assay CV of 3.6—6.3% and an Inter-assay CV of 6.0—7.0%.
CCL1E was measured by a solid-phase sandwich ELISA (R&D Systems)
with an intra-assay CV of 3.2—3.7% and an inter-assay CV of 4. 5—6.5%,
Interleukin 10 was measured by a solid-phase sandwich ELISA (R&D
Systams) with an intra-assay CV of 1.7—5.0% and an inter-assay CV of
5.0-7.3%. Inberleukin 6 was measured by a solid-phasa sandwich ELISA

{RAD Systems) intra-xssay CV ol 1 64.2% infer-assay CV
of 3.3—6.4%. TNFa was measured by a solid-phase sandwich ELESA
intra-assay CV ol 4.25.2% y Y

¥ I
of 46—7.4%. CCL2 was measured by a solid-phase sandwich ELISA

y ith an infra-assay CV of .7—7.8% and an inter-assay OV
of 46—6.7%. Serum analyses were performed on all the awailable
samples from the subjects wha participated in the fasting study in = 12
study subjects and 9 study complaters) [31].

2.7, Lentiviral constructs and lertivirus packing

The pCW-Casd (Addgene #50661) plasmid was used as the backbong
to construct the doxyeycling-inducible averexpression lentiviral vector,
The COSs of GFP, human SPIC and human SPV (Origene) were
respectively subcloned into the original vectar whose Cas® fragment
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3. This study included 7 people that had 3
different fat biopsies taken at varying points in
a 10 day fast (no food whatsoever). The fat
biopsies were used to plate the fat cells and
due transcript analyses (determine which
genes are expressing or not expressing).



was axcised via BamHINhel sites, Lentiviral packaging was carried out
by co-transfection of pCW lentiviral vector, psPAX2, and VEV-G en-
walope plasmids into 2037 calls with li ine-3000 (invi
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Mean + 50 (N = 7) Range

Lentiviral was using Lenti-X
(Takara) following the manufacturer’s nstructions 1o yield 100-fold
titer viral stock.

2.8. Monocyle culfre

Thp-1 manocytic cells (ATCC, TIB-202) were cultured in RPMI 1640
(Coming) supplemented with 10% fetal bovine serum (Carning),
0.05 mM 2 and 100 Wml i
(Life Tachnologies) at 5% CO2 and 37.0 °C. Manocyle suspension at a
concentration of 500,000 celisiml was differantiated with 100 ngiml
PMA (Sigma—Aldrich) for 43 hand maintaned in normal mediem Tor
24 h, For lentivical transduction, 1 » 10° Thp-1 cells were resus-
pended in 0.5 mi of complete medium containing 50 il of concentrated
lentiviral stock {1 > 10° IWml) and transfemed into the wells of a 12-
well plate, Centrifuging fransduction was perfarmed in the presance of
polyrene (5 pg/mL) at 1000 rmp for 2 hat 37.0 °C. Dowycycline at a
final concentration of 1 pg/ml was added fo the calls for 48 b to induce
tha gane jon. Calls i ver-

Age (yesr) 224-390
Waklemaln WA

Baseine weight (k) 6759810
Bsseline BMI fuy/m) 721
Total body fat mass fry DA (kg 213364
* Bogy f3t by XA PS5

mean = 7.2 + 0.8 kg, max = 8.4 kg, min = 6.1 kg) coincident with
the contraction of fat mass as measured by dual energy X-ray ab-
sarpliometry (DXA) (Figure 1B). Our protocol emgloyed a biopsy device
that enabled directed collection of core biopsies from different siles in
the periumbikcal region at three different time points: on the moming
af admission to the cinical research center after an ovemight fast
{time ~ 00, 24 h after admission, and then upon completion of the 10~
day fast (Figure 1C). We performed RNA sequancing of thess samples,
ravealing 24,941 transcripts with a maan normalized read fraquancy of
=3 (Figura 1C). A subset of 5077 transcripts (20%) changed in &

axprassion by g-PCR ware used for differentiation experiments.
Human perigheral biood monocyles were isolated by densily gradient
centrifugation using Ficoll—Pague Premium 1,073 (GE Healthcare) and
further enriched for CD14% monocyles using COM4T magnetic
microbeads and MACS separation. The primary monocytes were
subsequently freated with differant chemicals or differentiation cock-
tails in complate MO medium consisting of APMI 1640 supplementad
witth 10% FBS, 10 ng/ml M-CSF, 100 Uiml penicillinstreptomycin, and
2 mM L-ghutamine. Far M1 i iation, medium was
supplemented with LPS (50 ngimil, Sigma—Akdrich) and interferon-y
(INF-y, 20 ng/ml, RED Systems). For M2 macrophage differentiation,
medium was supplemented with IL-4, IL-10, and TGF-[ (20 ng/mi of
each, R&D Systems),

2.9, Statistical analyses

For the RMA-ssq dataset, read quantifications were created using
Subread featureCounts v1.4.4 with reads counted to exon faature (-t
axon flag) [32). ion analysis was via
DESeq2 [33] using a linear model including e lime paints as discrete
levels (desigh time). Differential expression was determined using the
likelihood rato test against a reduced moded that did not include the
time factor (~ 1). Multipie-test correction was performed by DESeq2
using the Benjamini-Hachberg procedure, Addtional statistical ana-
Iyses were conducted using JMP version 14.0 (SAS Institute) and
Prism & (GraphPad Software). A heat map was produced using
Marpheus [Broad). GSEA analyses were performed using the pre-
ranked method and publicly available software [34]. For CRP and
COL1B, paired-sample Wilcomon signed-rank tests were conducted
comparing baseling values to values from the day on which the
normialized-to-tbaselne median value peaked (day 3 for CRP and day 5
for CCL1E).

3. RESULTS

31, Transcriptional reprogramming of
projonged fasting
We performed a 10-gay zero-calorie inatient fast in umans [11].1n a
subset of the subjects (n = 7, Table 1), we serial subcu-

significant manner as defined by a Benjamini-Hachberg
(BH) adjusted p-valve of <0.05. A smaller fraction of delectable
trangcripts (1569 or 6%) cemonstrated both &0 adjusted p-
value < 0,05 and a logglold change of =1. The AT transcriptomes
demonstrated the most dramatic changes at the 10-day time paint
{Figure 10,E). Thess data demanstrate the dramatic effect of fasting an
the AT transcriptome,
{Quantitative PCR [qPCR) is oftan used as an orthoganal qualiy control
method 1o validate franscripanal changes idantified by RNA-seq. Wa
did not have residual tissue for such analyses; however, in a prior
[11], we GFCR on AT abtained in
parallel o those used for this analysts. Comparing the ANA-seq data to
that price gPCR data, we found strong directional consistency
{Table 51}, which supports the reproducibility of owr findings.
We next applied gene set enrichment (GSEA) analyses to identify
candidate pathways modulated by fasting in AT utilizing the Hallmark
{Figure 1F) and Reactome {Fig. 51) gene sets. Metabolic procasses
wiera the unitying teme of downregulated gana sels that met a falsa
discovery Breshald of adjusted p < 0,05, including gene sets refated
] and energy such as ghcol-
yais, oxidalive phosphorylation, tatty acid metabolism, and riglycenide
biosynihesis. The top enriched pene sets were allograft rejection,
interferon gamma response, Inflammatory response, and interferon
alpha response.
Dur initial analyses involved langitudinal repeated measures testing
mnclusive of all three fime paints. Given that the global analyses
{Figura 10,E) sugpested that the most dramatic transcrigbonal effects
wene evident al the 10-day time point, we considered the extent to
wihich the eniched gene sets were detectable at the eary time point. A
GSEA analysis restricted fo a comparison of the day 1 time paint to
baseline demanstrated several downregulated gene sets that had a
fakse discovery threshold of 0.05 and were similar to the full longitu-
dinal analysis, including peroxisome, fatty acid metabalism. adipo-
genesis, and axidative ian, However, gene
sats mat the falsa discovery threshold (Fig. 524). When wa performed
a similar paired analysis comparing the day 10 ime point to baseling,
wie again noled negatively regulated gene sets related to metabolc
processes; however, we also detected the emergence of nuMErous

g gene sets retated to inflammation and Immunity, similar to

taneous AT biopsies from the regian. The
uniformly lost weight over the course of the fast (Fioue 1A,

the analysis (Figs. 526 and 1F). Therefore, the unex-
pected and dominant theme of the pasitwely regulated pene sets was

MERABOLEN o o] 09T e Ao, i, This s 2

oL
v edaarstdsn s

New Section 11 Page 3

e Prreatm 3

SRR E S S EESR RN B E NN Y2EETRRER

2838828828

10
m
12
13
114
15
16
"7
18
19
120
121
122
123
124



MOLMETI01082_proof @ 26 Sepicmber 2020 w 4/

Original Article
A B Cc
S f——>
Kl 401 pgooor __ p<0.0001 Fasting day 0-1 10
- =
§ z B?? 235 - g SATb'opsy RNAseq
3 Baw{ ~ B, X
= — ot mean reads > 3
§ ?aéeée 22 § S, E O austed p < 005
= ‘ ol o = ° Slogfokd 4> 1
12338678410 [ 0 10
Fasting Duration (days) Fasting Day Fasting Day
E F
®Day 0 HALLMARK GENE SETS
Wowy s ALLOGRAFT RE.ECTION
1506 Y INTERFERON GANMA RESPONSE
- NELAWATORY RESPONSE
1e6 INTERFERON ALPHA RESPONSE
“ GIM CHECKPOINT
o 55 COMPLEMENT
4 2o MTOTIC SPNDLE
0 TNFA SIGNALING VIA NFKB
et E2F TARGETS.
ILB JAK STATI SGNALING
1 12 STATS SIGNALING
.-&6 66 0 6 206 36 466 MRAS SIGNALING UP
PC1 PE3 PATHWAY
EPTHELIAL MESENCHYMAL TRANSITION
APOPTOSIS

row min S A row max

Normalized enrichment score

Figure ¥ Fastng-induoed diposs tissue contraction and SranscripSoral regrogramming, A| Wesght boss derng the 10-day fasting study, Mean weight ks = 7.2 kg (S0 = 0.8,
max'min = 8.4/%6.1). 8) Tosal fat mass (&) and trunk fat mass (ght) measured by DA & basakne day 0 and day 10 of fasting. Subjects kst @ mean of 1,62 4 %t mass, SD:
0.37. Pared two-sided t-test. Subjects ket a mean of 1.00 kg Yunk fat mass, SO: 0.20. Paired tao-sided t-test. () Schemalic depicting sevial subcutaneous adipose fssus
tingsies, Parts of whale chart showing totl Sanscrips with detectable reads and the fractions with adjested pvirue < (.05 and thse reads with adjusied pvalee < 0.5 and
Iog:old charge 0.5, 0) Heat map demonstrating ghobal changss In gens expression i SAT curing 10-day fast. €} Principal component analyss (PCA) showing Yanscriplomics
Shilt with tasting, most ewident a1 e 10-day Sme point. ) Gene set enrichment analysis (GSEA) using Halimark gene sets. Gene sets Tat met faiss decovery rate (FOR) p-

vaiuess < 0.06 are shown

inflammation and immunity; however, this signature was only evident
after the projonged 10-day fast,

3.2. Fasting driv
lysosomal lipolysis

Given the central role piayed by AT in mobilization of lipid stores during
fasting, we hypothesized that ranscriptomic analysis would reveal a
shift away from anabolic pathways in favor of augmented transcription
of lipid catabolism regulators. In the context of the GSEA analys's,
which demonstrated negative regulation of the fatty acid metabolism
gene set (Figure 1G), we specifically considered decreased tran-
scription of genes refated to de novo lipogenesis. Indeed, the canonical
requiators of fipogeness in AT were uniformly downreguiated by
fastng, including the i regulators,

an alternative transcriptional program of

Conversely, transcription of the canonical lipolysis pathway genes was
not augmented as we hypothesized (Figure 2B). Instead, transcript
levels of the 3 key enzymes responsible for the sequential release of
the three fatty acid chains from the glyceral backbone were signifi-
cantly atienuated, including hormane-sansitive lipase (LIPE), adipase
triglyceride lipase (PNPLAZ), and monoacylglycerol lipase (MGLL).
Additional genes invoived in the coordinated mobilization of tri-
ghycerides from adipocyte lipd droplets were also either significantly
downregulated or unchanged. In contrast %o the temporal dynamics of
the inflammatory signature, which emerged at the 10-day time point,
many of the lipolysis pathway genes were trending down at the day 1
time point (for exampie, MGLL, PNPLAZ, PLINT, and PLIN, Fiqura 2B).
deahnsnlahmammdnmmarmlalodmmsukom

respoasive  element-binding protein  (MLYIPL), sterol regulatory
element-binding peotein 1 (SREBF), and downstream genes coding
for key enzymatic nodes (Figure 2A).
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of lipalytic pathways. However, this provided a
mmmmmmwnmmmmum path to tri-

ghyceride catabolism involving digestion of lipids in lysasomes, where
the activity of lyscsomal ackd lipase (LIPA) is critical. indeed, ranscript
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Figure 1

Participants were water fasted for 10 days in a controlled
environment. The researchers took fat biopsies the day they
entered the facility, the next day (24 hours later), and at the end
of the study time (10 days).

[1A] This is the weight change experienced over the 10 days of
fasting.
Primary Results (PR): Participants lost weight every day.

[1B] Total and trunk fat lost over the 10 days of fasting.
PR: Participants lost body fat over the 10 days.

[1C] Biopsy times within the week and the gene differential
expression quantified as RNA (genes, when expressed/read, are
turned into RNA, their product).

PR:
- 24941 genes were read, 5077 (20%) changed expression
throughout the fast, and 1569 (6%) changed dramatically.

[1D] A heat map of the 6% that changed dramatically from
beginning of the study (D0), 24 hours later (D1), and 10 days
later (D10). Red is more gene expression, blue is less gene
expression.

PR: The change in gene expression was most pronounced after
10 days of fasting.

[1F] Here, the researchers are quantifying the level of expression
of the top genes that were changed with fasting 10 days.
PR: Inflammatory genes seem to be upregulated, and certain

ism genes are dowr

Take Away: Water fasting led to weight and body fat loss.
There were differences in gene expression from the non-fasting
day to the 10 days fasting.

4. As seen in Figure 2,
lipogenesis genes were
downregulated, which makes
sense, but lipolytic genes
responsible for fat breakdown,
like hormone sensitive lipase,
adipose triglyceride lipase, and
monoacylglycerol lipase were
all downregulated after 10 days
of fasting. However, other
enzymes involved in the
lysosomal pathway were
elevated, so the researchers
decided to follow that line of
inquiry.
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Figure 2

The researchers looked at the gene expression of specific enzymes
important to [2A] lipogenesis (fat production) and [2B] lipolysis (fat
breakdown) in the human fat tissue taken from participants. D1
represents gene expression difference between baseline (beginning of
study) and 24 hours later. D10 represents gene expression difference
between baseline and 10 days of fasting. Blue dots are reduced
expression of that gene relative to baseline, and red is increased
expression.

[2A] Lipogenesis gene expression (fat production).
PR: Largely decreased gene expression of fat production related
enzymes, in human fat cells.

[2B] Lipolysis gene expression (fat breakdown).
PR: A mixture of some enzymes being decreased in expression and
others being increased in expression, especially after 10 days of fasting.

Take Away: Lipogenesis, fat production, genes were reduced in
expression across the board after 10 days of fasting; however, lipolysis
(fat breakdown) gene expression was not uniformly increased after 10
days of fasting.

5. SPIC is a macrophage (immune cell) related gene that
holds the information for ETS (Erythroblast
Transformation Specific) transcription factors (these
proteins enter the nucleus and bind genes to express
them or reduce their expression).




