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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. 

1.

2
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. 

2.

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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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).

3.
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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 
metabolism genes are downregulated. 

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. 

4.
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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). 

5.
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Figure 3
[3A] The researchers are looking at human monocyte SPIC expression. 
SPIC is a macrophage/monocyte (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) - SPIC has shown 
differentiation from monocytes to macrophages. They are adding heme 
iron (Hemin) as a control, because it has been shown to increase SPIC 
expression in monocytes (clearly, it did not work, but apparently this was 
normal as they ran other checks and found hemin to be functional). 
Then, they added two concentrations of two different fatty acids 
(monounsaturated oleic acid and saturated palmitic acid) and measured 
SPIC expression.

PR:
- Hemin did not increase SPIC expression, which is unexpected. 
- Saturated fat did not increase SPIC expression. 
- Unsaturated fat at high concentration did increase SPIC expression. 

[3B] Now, the researchers are using an immortal human monocyte cell 
line that are not primary cells (straight from a patient) that have low SPIC 
expression and transfected them SPIC to increase their SPIC 
expression. This is a "gain of function" experiment. They are then 
measuring the gene expression of a series of macrophage genes after
they had stimulated the monocytes to differentiate to macrophages. SPI1 
is a control transfection. M1 corresponds to "pro-inflammatory" 
macrophages, and M2 is  "anti-inflammatory" , and macrophages can 
switch between these two states of existence. 

PR:
- SPIC expression led to 13 macrophage genes being highly expressed.
- SPIC expression led to genes in M1 and M2 to be expressed. 

Take Away: SPIC gene is a measure of macrophage differentiation 

(monocytes turning into macrophages) and only unsaturated fat at high 
concentration led to expression of this gene, indicating an inflammatory 
response to high fatty acids (but not from saturated fat). SPIC 
expression also led to M1 pro-inflammatory and M2 anti-inflammatory 
genes to be co-expressed, implying the macrophages are not decisively 
entering an active state. 
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Figure 4
Researchers took slices of the adipose tissue they collected and took images 
of the tissue looking for how many macrophages were in the tissue between 
the baseline (beginning of the study) and 10 days fasting. They had someone 
naïve to the study conditions do the selection of the cells to eliminate bias. 
Not only that, they looked at the amount of fat found in lysosomal 
structures/vesicles (lipid droplets).

[4A] Image of adipose tissue macrophage, arrows pointing to vesicles of fat. 
PR: There are lipid droplets in the macrophage.

[4B] Quantification of the number of macrophages in the fat tissue after 10 
days fasting.
PR: There are more macrophages in the fasting condition. 

Take Away: Lipid droplets were found in macrophages and more 

macrophages were found in the fat tissue after 10 days of fasting, so this 
implies macrophages take up lipids/fats in association with fat tissue in 
fasting. 
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Figure 5
The researchers tested for systemic inflammation throughout the fasting period, from 
day 0 to day 10 by testing a series of different cytokines that are pro-inflammatory. 

Primary Results:
- In all cases, except CCL2, inflammatory cytokines were elevated throughout the 
fasting time, but may begin reducing over time (no data to prove this, however). 

Take Away: Measures of systemic inflammation show elevation throughout the 10 

days of fasting, implying water fasting leads to increases in inflammatory markers. 

6
Researchers wonder if subtle caloric restriction would bring about the same dramatic increase 
in inflammatory cells. It is possible macrophages invade the adipose tissue (AT) to clean up 
fats that are released when adipocytes apoptosis (programmed cell death). In mice, 
macrophages have been shown to facilitate lipolysis. 

6.
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This study fails to show fasting leads to pro -inflammation or anti-inflammation, simply that 
immune cells are recruited to the adipose tissue. 

7.
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