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Abstract
Fibroblast growth factor 21 (FGF21) is a key regulator in glucose and lipid metabolism and its

plasma levels have been shown to be increased not only in humans in different situations such

as type 2 diabetes, obesity, and nonalcoholic fatty liver disease but also in animal models of

sepsis and pancreatitis. FGF21 is considered as a pharmacological candidate in conditions

associated with insulin resistance. The aim of this study was to compare FGF21 plasma levels in

patients with sepsis, in patients with systemic inflammatory response syndrome (SIRS), and in

healthy controls. We measured FGF21 plasma concentrations in 22 patients with established

sepsis, in 11 with SIRS, and in 12 healthy volunteers. Here, we show that FGF21 levels were

significantly higher in plasma obtained from patients with sepsis and SIRS in comparison with

healthy controls. Also, FGF21 levels were significantly higher in patients with sepsis than in

those with noninfectious SIRS. FGF21 plasma levels measured at study entry correlated

positively with the APACHE II score, but not with procalcitonin levels, nor with C-reactive

protein, classical markers of sepsis. Plasma concentrations of FGF21 peaked near the onset of

shock and rapidly decreased with clinical improvement. Taken together, these results indicate

that circulating levels of FGF21 are increased in patients presenting with sepsis and SIRS, and

suggest a role for FGF21 in inflammation. Further studies are needed to explore the potential

role of FGF21 in sepsis as a potential therapeutic target.
Key Words

" growth factors

" metabolism

" inflammation
icen
.0 U

nt
Endocrine Connections

(2013) 2, 146–153
Introduction
Fibroblast growth factor 21 (FGF21) is a member of the FGF

superfamily, consisting of FGF19, FGF21, and FGF23 (1, 2,

3, 4). Because they lack the conventional FGF-heparin-

binding domain, these FGFs can escape the body’s vast

deposition of heparansulfate proteoglycans and can be

released into the circulation and function as endocrine

factors (5). FGF21 is a hormone mainly produced by the

liver and white adipose tissue, where it is in part induced

by the peroxisome proliferator-activated receptor

a (PPARa) and PPARg respectively (1, 6). FGF21 has
emerged as a key regulator in the metabolism of glucose

and lipids (6, 7, 8). FGF21 may have a potential role as a

therapeutic agent for conditions associated with insulin

resistance as it has been shown that administration of

a recombinant form of this hormone in obese mice and

diabetic monkeys improves insulin sensitivity, body

weight, and lipid profile (9, 10, 11, 12, 13, 14).

Sepsis represents a continuum beginning with a

host–pathogen interaction that triggers a complex inter-

play between pro-inflammatory, anti-inflammatory, and
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apoptotic mediators. Mortality estimates vary, but severe

sepsis and septic shock carry high mortality rates, possibly

up to 50% (15, 16). The number of sepsis-related

admissions in intensive care units (ICU) has been steadily

increasing over time (17, 18). Insulin resistance is a

common feature in sepsis and is due to several metabolic

alterations (19, 20, 21, 22, 23, 24). Biomarkers play an

important role in different clinical situations including

sepsis (25, 26, 27). Certain biomarkers, such as procalci-

tonin (PCT), may indicate the presence or absence of sepsis

and its severity. Moreover, some biomarkers, such as PCT,

may have other potential roles including the differen-

tiation of bacterial infection from viral infection, the

assessment of the response to therapy, or the prediction of

the development of multiple organ failure (25, 26, 27).

However, the precise role of biomarkers in the manage-

ment of septic patients remains to be defined (25, 26, 27).

A possible role of FGF21 in sepsis has been suggested

by the observation of increased circulating levels of this

hormone during experimental sepsis in mice. Moreover,

its administration has a protective effect from the toxicity

of lipopolysaccharide (LPS) and sepsis (28). FGF21 can also

reduce the severity of cerulein-induced pancreatitis in

mice (29), further indicating that FGF21 could modulate

inflammation. These findings highlight the possible role

of FGF21 as a biomarker and a therapeutic tool in mice

with sepsis and an inflammatory state, leading us to

explore its role in humans with sepsis and systemic

inflammatory response syndrome (SIRS) as compared

with healthy subjects. The aim of this study was therefore

to evaluate the circulating plasma levels of FGF21 in

patients with sepsis, SIRS, and in healthy control subjects.

We also assessed potential correlations between FGF21

and scores of severity of sepsis as well as clinical outcomes.
Subjects and methods

Patients

Adult patients (O18 years) hospitalized in the ICU from a

single university hospital (36 beds, mixed surgical and

medical ICU, 3400 admissions/year) between March 2010

and November 2011 were enrolled in the study if they

presented with severe sepsis, septic shock or noninfectious

SIRS within 24 h after admission. Sepsis and SIRS were

defined according to current definitions (30, 31). Clinical

characteristics, the acute physiology and chronic health

evaluation II (APACHE II) score, and the simplified acute

physiology score 2 (SAPS2) were also collected (32, 33). All

patients were treated following evidenced-based medicine
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guidelines. The study was conducted in accordance with

the Declaration of Helsinki and the International Con-

ference on Harmonization Guidance for Good Clinical

Practice and was approved by our institutional Ethics

Committee.
Blood analyses

Blood samples were obtained from each patient upon

admission. Twenty milliliters of heparinized blood were

drawn from patients via the arterial catheter, and by

venous puncture in healthy volunteers. Plasma FGF21

concentrations were measured using a commercial ELISA

Kit (BioVendor GmbH, Heidelberg, Germany). C-reactive

protein (CRP), PCT, and glucose were measured using

standard methods by the central laboratory of Geneva

University Hospital.
Hepatocytes stimulation

HepG2 and HUH7 hepatoma cells lines (ATCC, Manassas,

VA, USA) were seeded into a 96-well plate to confluence.

Glucose (25 mM), interleukin 1b (IL1b; 1 ng/ml), IL6

(10 ng/ml), and glucocorticoids (10 mM) were added to

the cells for 24 and 48 h in a serum-free DMEM/F12

medium. Supernatants were collected and FGF21

was measured batchwise by an ELISA Kit (BioVendor

GmbH). Cell stimulation experiments were performed

in triplicate.
Statistical analysis

Data are presented as meansG1 S.D. Differences between

groups were tested using ANOVA with Bonferroni’s

adjustment for multiple comparisons and correlation

coefficients given are Spearman’s (GraphPad Prism 6).

A P value !0.05 was considered statistically significant.
Results

Patients’ characteristics

Forty-five subjects were enrolled into three groups: 22

patients with sepsis, 11 patients with noninfectious SIRS,

and 12 healthy volunteers. Age and BMI were significantly

lower in healthy controls than in patients with sepsis.

Clinical characteristics are summarized in Table 1. Among

patients with sepsis, five had type 2 diabetes (three were

treated with oral antidiabetic agents alone, one with

insulin alone, and one with both). Among patients with
This work is licensed under a Creative Commons
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Table 1 Clinical characteristics of patients with sepsis,

noninfectious SIRS, and healthy volunteers. Data are shown as

meansGS.D. (nZ3–22).

Sepsis SIRS

Healthy

controls

n 22 11 12
Gender 5 F, 17 M 2 F, 9 M 6 F, 6 M
Age (years) 65.2G17.9† 55.0G15.8 39.5G12.6
BMI (kg/m2) 27.3G7.4* 25.1G4.3 21.6G2.8
APACHE II 26.6G10.2 20.6G6.1 NA
SAPS 51.5G16.4 47.6G14.0 NA
PCT (mg/l) 28.1G22.9 4.7G5.6 ND
CRP (mg/l) 263.1G95.4‡ 94.8G60.4 ND

F, female; M, male; NA, not applicable; ND, not determined. *P!0.05 and
†P!0.001 vs healthy controls. ‡P!0.001 vs SIRS.
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SIRS, two had type 2 diabetes and were treated by oral

antidiabetic agents alone. Leading sources of infection

in septic patients were the respiratory tract, the intra-

abdominal cavity, and the urinary tract. Bacterial cultures

(from blood, urine, or bronchial aspiration) revealed

Streptococcus pneumonia (5 patients), Escherichia coli (3),

Enterococcus faecium (1), Enterococcus faecalis (1), Haemo-

philus influenza (1), Proteus mirabilis (1), or Klebsiella

pneumonia (1). No bacteria were found in nine patients.

Patients with noninfectious SIRS were admitted for

trauma (4 patients), hemorrhagic choc (2), alcohol-related

pancreatitis (1), HELLP syndrome (1), pulmonary

embolism (1), coronary artery graft surgery (1), or post-

operative respiratory failure (1).
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Figure 1

FGF21 plasma levels in healthy controls, patients with sepsis, and patients

with SIRS. Box and whiskers plot show all values, from minimum to

maximum. Data are meansGS.D., nZ11–22. *P!0.05, **P!0.01, and

***P!0.001.
FGF21 levels in patients with sepsis, SIRS, and in

healthy controls

FGF21 serum levels were increased by approximately

tenfold in patients with sepsis compared with healthy

controls (Fig. 1). We also observed an approximately

sixfold increase in FGF21 levels in patients with SIRS

compared with healthy controls (Fig. 1). FGF21 was found

to be significantly higher in patients with sepsis compared

with those with noninfectious SIRS (Fig. 1). As healthy

volunteers were significantly younger than patients with

sepsis, we performed a subgroup analysis, considering only

older controls (nZ6; mean age 49.3G7.4 years, PZNS vs

sepsis; BMI 22.3G2.8 kg/m2, PZNS vs sepsis). In these

conditions with matched age and BMI, plasma FGF21

levels remained significantly increased in patients with

sepsis compared with healthy controls (523G954 pg/ml

in healthy controls, P!0.001).
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Relationship between FGF21 levels, severity of sepsis, and

biomarkers of inflammation

The severity of sepsis was evaluated upon admission by

the APACHE II and SAPS2 scores. There was a positive

correlation between FGF21 levels on admission and

APACHE II score, at the limit of statistical significance

(PZ0.053; Fig. 2A). FGF21 levels did not significantly

correlate with SAPS2 score, although we found a positive

trend (Fig. 2B). In patients with sepsis, we did not find any

significant correlation between plasma levels of FGF21 and

PCT (Fig. 2C), a specific marker of sepsis, or with CRP

(Fig. 2D). In contrast, in patients with SIRS, there was a

strong positive correlation between FGF21 and CRP

(Fig. 2E), but not with PCT (Fig. 2F).
Time-course of FGF21 during sepsis

We analyzed serial samples of FGF21 in three patients with

sepsis. Plasma levels of FGF21 decreased for all patients

during the follow-up and paralleled the improved clinical

condition, except in one patient (patient 1, Fig. 3). For this

patient, the rise in FGF21 levels after a first descent could

be attributed to an episode of nosocomial pneumonia

developed during the ICU stay. After antibiotic treatment,

FGF21 levels decreased in the days following.
Is FGF21 an acute-phase protein?

To study the possibility that FGF21 could be an acute-

phase protein (APP), HepG2 and HUH7 hepatoma cell

lines were cultured in the presence of different cytokines
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Figure 2

Correlations between FGF21 in sepsis or SIRS and different markers/scores

of sepsis and SIRS. (A) FGF21 and APACHE II score in sepsis, (B) FGF21 and

SAPS2 score in sepsis, (C) FGF21 and PCT in sepsis, (D) FGF21 and CRP in

sepsis, (E) FGF21 and CRP in SIRS, and (F) FGF21 and PCT in SIRS. Correlation

coefficients are Spearman’s, nZ3–20, **P!0.01.
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(IL1b and IL6) known to stimulate the production of APPs

(26, 31, 34). After 48 h, levels of FGF21 were determined

by ELISA in culture supernatants. HepG2 and HUH7

cells were selected because they are widely used to study

the production of APPs. However, we were unable to
http://www.endocrineconnections.org
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detect FGF21 in conditional supernatants from hepatoma

cell lines stimulated with pro-inflammatory cytokines

(data not shown). These data suggest either that FGF21

cannot be considered as an APP or that we were below the

detection threshold of the ELISA.
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Figure 3

Time-course of FGF21 in three different patients with sepsis. Patients 1

presented a nosocomial pneumonia around day 10, which resolved after

appropriate antibiotic administration.
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Discussion

Sepsis is accompanied by glucose and lipid alterations, and

FGF21 is considered as a key regulator in glucose and lipid

metabolism (1, 6, 7, 8, 11). FGF21 plasma levels are

increased in type 2 diabetes, obesity, nonalcoholic fatty

liver disease (NAFLD) and dyslipidemia (35, 36, 37, 38, 39),

but injection of FGF21 in animal models of insulin

resistance has been shown to improve this condition

(9, 10, 11, 13, 14). Therefore, FGF21 can be considered as

a pharmacological candidate useful in these conditions.

Interestingly, FGF21 has also proven to be beneficial in

conditions associated with inflammation such as pancrea-

titis or sepsis in animal models (28, 29), suggesting a role

of FGF21 in modulating inflammation.

In this study, we show for the first time that patients

with sepsis have a significant elevation of FGF21 plasma

levels, higher than patients with noninfectious SIRS or

healthy subjects. Patients with SIRS had significantly

higher FGF21 plasma levels than healthy controls. These

results confirm findings in endotoxemic mice where

increased FGF21 levels were found in plasma (28).

Interestingly, we did not find any significant association

between FGF21 upon admission and PCT, a specific

biochemical marker of sepsis, or with CRP. This can be

due to differences in kinetics between FGF21, PCT, and

CRP. However, we found a strong positive association

between FGF21 and CRP in patients with SIRS that may be

explained by a similar kinetic increase of these two

proteins in a situation with less inflammation than that

found in septic patients. The second hypothesis may be

that CRP and FGF21 are less specific, and are both
http://www.endocrineconnections.org
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increased in inflammatory states not linked to sepsis as

opposed to PCT, which has been shown to be more specific

for sepsis than CRP (34, 40).

We also noticed that the evolution of FGF21 plasma

levels using serial samples from patients with sepsis was

correlated with their clinical evolution, with a decreasing

plasma level associated with clinical improvement.

Furthermore we found, in one patient with sepsis who

presented with a second infection during the stay in ICU,

an initial decrease followed by an increase in FGF21 levels

paralleling the nosocomial infectious episode. This high-

lights the fact that FGF21 may be considered as a

biochemical parameter of follow-up in sepsis and a

possible marker of recurrence. However, the exact kinetic

of FGF21, particularly in the situation of sepsis, needs to be

further explored to better define its role in this clinical

situation. Finally, we found a weak positive association

between FGF21 serum levels and the severity of sepsis

according to the APACHE II score, but not with SAPS,

meaning that FGF21 cannot be considered as a good

marker of clinical severity in adults admitted in ICU for

sepsis or to assess the risk of mortality.

Consistent with our findings, a recent report has

shown a twofold increase in FGF21 plasma levels in mice

induced after the administration of LPS, zymosan, and

turpentine. However, this increase in FGF21 was not the

result of an increased expression of FGF21 in the liver as

hepatic FGF21 mRNA was decreased. Therefore, in this

case, increased FGF21 levels might be secondary to

increased synthesis of FGF21 by extrahepatic tissues such

as white adipose tissue and skeletal muscle (28). As FGF21

plasma levels increase after sepsis induction in mice,

potentially as a counter-regulatory response, it is tempting

to hypothesize that FGF21 administration could have the

potential to modulate inflammation. Indeed, treatment

with exogenous FGF21 reduced the rate of death and the

rapidity of death after endotoxemia, suggesting that the

increase in plasma FGF21 during an inflammatory state

may be a protective response (28). Another study has

shown that in mice with cerulein-induced pancreatitis,

the expression of FGF21 increased rapidly and dramati-

cally (29). Moreover, this study highlighted that FGF21 is

an immediate response gene during acute pancreatic

injury that could stimulate a autocrine/paracrine-signal-

ing phenomena to reduce tissue inflammation and

fibrosis. Our results are therefore consistent with these

results in the fact that FGF21 can be considered as a marker

of the presence and also the severity of cellular injury

present in situations of inflammation such as acute

pancreatitis, SIRS, and septic shock.
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However, as sepsis is associated with insulin resist-

ance, we can also hypothesize that the increase in plasma

FGF21 observed in subjects with sepsis and SIRS might also

be due, at least partly, to insulin resistance. Insulin

resistance in sepsis is due to a decreased effect of insulin,

but also reflects an imbalance between insulin and its

counter-regulatory hormones (cortisol, glucagon, growth

hormone, and catecholamines) (19, 21, 22, 23, 24). This

results in acute hyperglycemia that may participate in the

maintenance of an inflammatory response (22). As high

insulin sensitivity has been shown to have a good

performance in ruling out sepsis, FGF21 may be a good

tool to exclude sepsis in suspicious cases (20).

We could not detect the presence of FGF21 in

supernatants from HepG2 and HUH7 cells after stimu-

lation with IL1b, IL6, and high glucose concentrations.

This can mean either that FGF21 cannot be considered as

an APP or that the ELISA test was below the detection

threshold. However, the ELISA test is supposed to be used

with plasma, where concentrations are supposedly much

higher than in cell supernatants. Finally, it could actually

have been that our cell experiments would have resulted

in a decrease in FGF21 expression in HepG2 and HUH7

cells. Consistently, others failed to stimulate FGF21

expression in 3T3-L1 adipocytes with cytokines or LPS

and were also unable to inhibit FGF21 expression in

Hep3B cells with cytokines (28). FGF21 is not a specific

biomarker of sepsis because it is also increased in patients

with SIRS. However, because both clinical situations

consist of a widespread inflammatory response with a

continuum between SIRS, sepsis, severe sepsis, and septic

shock, the higher FGF21 levels in patients with sepsis than

with SIRS suggests that FGF21 could be a marker of the

severity of the inflammatory response. Moreover, if one

considers that APP can be synthesized outside the liver,

then FGF21 could be considered as an APP.

Although we could show a potential role of FGF21 in

sepsis and SIRS, our study has some limitations. It was

retrospective and as a consequence included a relatively

limited sample size with some degree of heterogeneity and

missing values. Notably, age and BMI were not similar

among the three different groups, patients with sepsis

being the oldest and healthy controls being the heaviest.

As age and BMI are known to affect FGF21 levels (39), the

absence of matching for these parameters among the three

groups may have influenced our results. However, our

subgroup analysis where age and BMI were matched

between patients with sepsis and healthy controls showed

that FGF21 plasma levels remained significantly increased

in patients with sepsis. Owing to the small sample size, we
http://www.endocrineconnections.org
DOI: 10.1530/EC-13-0040

� 2013 The authors
Published by Bioscientifica Ltd
were not able to correct the values for confounding factors

also known to increase FGF21 levels, such as type 2 diabetes

or NAFLD (35, 36, 37, 38, 39). However, we think that the

levels of FGF21 that we measured in sepsis and SIRS were

much higher than those found in the aforementioned

conditions associated with insulin resistance, and clearly

suggest a role of sepsis and SIRS per se in FGF21 elevation,

consistent with studies on animals (28, 29). Also, our study

did not address the causal relationship between FGF21 and

sepsis. Therefore, further prospective studies are warranted

to determine whether elevated FGF21 is directly caused by

sepsis or is a marker of the insulin resistance present during

sepsis. Moreover, it will be important to determine which is

the major source of FGF21 production in these conditions

and if FGF21 could have the potential to modulate

inflammation in humans.

In conclusion, this study is the first to report a

systemic release of FGF21 in human sepsis and SIRS,

with plasma levels markedly higher than those found in

healthy controls. Further studies are needed to better

delineate the role of FGF21 in conditions associated with

inflammation such as sepsis and SIRS. FGF21 could,

however, represent a novel potential therapeutic target

in these conditions and its potential role in modulating

inflammation warrants further research.
Declaration of interest

The authors declare that there is no conflict of interest that could be

perceived as prejudicing the impartiality of the research reported.
Funding

F R Jornayvaz was supported by a grant from the Department of Medical

Specialties at Geneva University Hospitals.
Author contribution statement

K Gariani designed experiments, researched data, and wrote manuscript.

G Drifte researched data and contributed to discussion. I Dunn-Siegrist

designed experiments, researched data, and contributed to discussion.

J Pugin designed experiments, contributed to discussion, and reviewed/

edited manuscript. F R Jornayvaz designed experiments, researched data,

reviewed/edited manuscript, contributed to discussion, and wrote manu-

script. F R Jornayvaz is the guarantor of this work and, as such, has full

access to all of the data in the study and takes responsibility for the

integrity of the data and the accuracy of the data analysis.
References

1 Badman MK, Pissios P, Kennedy AR, Koukos G, Flier JS & Maratos-

Flier E. Hepatic fibroblast growth factor 21 is regulated by PPARa

and is a key mediator of hepatic lipid metabolism in ketotic states.

Cell Metabolism 2007 5 426–437. (doi:10.1016/j.cmet.2007.05.002)
This work is licensed under a Creative Commons
Attribution 3.0 Unported License.

Downloaded from Bioscientifica.com at 05/22/2023 03:24:05PM
via free access

http://dx.doi.org/10.1016/j.cmet.2007.05.002
http://www.endocrineconnections.org
http://dx.doi.org/10.1530/EC-13-0040
http://creativecommons.org/licenses/by/3.0/deed.en_GB
http://creativecommons.org/licenses/by/3.0/deed.en_GB


E
n

d
o

cr
in

e
C

o
n

n
e
ct

io
n

s
Research K Gariani et al. Increased FGF21 levels in

human sepsis
152–153 2 :152
2 Goetz R, Beenken A, Ibrahimi OA, Kalinina J, Olsen SK, Eliseenkova AV,

Xu C, Neubert TA, Zhang F, Linhardt RJ et al. Molecular insights into

the klotho-dependent, endocrine mode of action of fibroblast growth

factor 19 subfamily members. Molecular and Cellular Biology 2007 27

3417–3428. (doi:10.1128/MCB.02249-06)

3 Itoh N. Hormone-like (endocrine) Fgfs: their evolutionary history and

roles in development, metabolism, and disease. Cell and Tissue Research

2010 342 1–11. (doi:10.1007/s00441-010-1024-2)

4 Kharitonenkov A. FGFs and metabolism. Current Opinion in

Pharmacology 2009 9 805–810. (doi:10.1016/j.coph.2009.07.001)

5 Ogawa Y, Kurosu H, Yamamoto M, Nandi A, Rosenblatt KP, Goetz R,

Eliseenkova AV, Mohammadi M & Kuro-o M. BetaKlotho is required

for metabolic activity of fibroblast growth factor 21. PNAS 2007 104

7432–7437. (doi:10.1073/pnas.0701600104)

6 Fon Tacer K, Bookout AL, Ding X, Kurosu H, John GB, Wang L, Goetz R,

Mohammadi M, Kuro-o M, Mangelsdorf DJ et al. Research resource:

comprehensive expression atlas of the fibroblast growth factor system

in adult mouse. Molecular Endocrinology 2010 24 2050–2064.

(doi:10.1210/me.2010-0142)

7 Inagaki T, Dutchak P, Zhao G, Ding X, Gautron L, Parameswara V, Li Y,

Goetz R, Mohammadi M, Esser V et al. Endocrine regulation of the fasting

response by PPARa-mediated induction of fibroblast growth factor 21.

Cell Metabolism 2007 5 415–425. (doi:10.1016/j.cmet.2007.05.003)

8 Woo YC, Xu A, Wang Y & Lam KS. Fibroblast growth factor 21 as

an emerging metabolic regulator: clinical perspectives. Clinical

Endocrinology 2013 78 489–496. (doi:10.1111/cen.12095)

9 Camporez JP, Jornayvaz FR, Petersen M, Pesta D, Guigni BA, Serr J,

Zhang D, Kahn M, Samuel VT, Jurczak MJ et al. Cellular mechanisms

by which FGF21 improves insulin sensitivity in male mice.

Endocrinology 2013 154 3099–3109. (doi:10.1210/en.2013-1191)

10 Coskun T, Bina HA, Schneider MA, Dunbar JD, Hu CC, Chen Y,

Moller DE & Kharitonenkov A. Fibroblast growth factor 21 corrects

obesity in mice. Endocrinology 2008 149 6018–6027. (doi:10.1210/

en.2008-0816)

11 Kharitonenkov A, Shiyanova TL, Koester A, Ford AM, Micanovic R,

Galbreath EJ, Sandusky GE, Hammond LJ, Moyers JS, Owens RA et al.

FGF-21 as a novel metabolic regulator. Journal of Clinical Investigation

2005 115 1627–1635. (doi:10.1172/JCI23606)

12 Kharitonenkov A, Wroblewski VJ, Koester A, Chen YF, Clutinger CK,

Tigno XT, Hansen BC, Shanafelt AB & Etgen GJ. The metabolic state

of diabetic monkeys is regulated by fibroblast growth factor-21.

Endocrinology 2007 148 774–781. (doi:10.1210/en.2006-1168)

13 Veniant MM, Komorowski R, Chen P, Stanislaus S, Winters K, Hager T,

Zhou L, Wada R, Hecht R & Xu J. Long-acting FGF21 has enhanced

efficacy in diet-induced obese mice and in obese rhesus monkeys.

Endocrinology 2012 153 4192–4203. (doi:10.1210/en.2012-1211)

14 Xu J, Lloyd DJ, Hale C, Stanislaus S, Chen M, Sivits G, Vonderfecht S,

Hecht R, Li YS, Lindberg RA et al. Fibroblast growth factor 21 reverses

hepatic steatosis, increases energy expenditure, and improves insulin

sensitivity in diet-induced obese mice. Diabetes 2009 58 250–259.

(doi:10.2337/db08-0392)

15 Hotchkiss RS & Karl IE. The pathophysiology and treatment of sepsis.

New England Journal of Medicine 2003 348 138–150. (doi:10.1056/

NEJMra021333)

16 Rangel-Frausto MS, Pittet D, Costigan M, Hwang T, Davis CS &

Wenzel RP. The natural history of the systemic inflammatory response

syndrome (SIRS). A prospective study. Journal of the American Medical

Association 1995 273 117–123. (doi:10.1001/jama.1995.

03520260039030)

17 Dreiher J, Almog Y, Sprung CL, Codish S, Klein M, Einav S, Bar-Lavie Y,

Singer PP, Nimrod A, Sachs J et al. Temporal trends in patient

characteristics and survival of intensive care admissions with sepsis:

a multicenter analysis*. Critical Care Medicine 2012 40 855–860.

(doi:10.1097/CCM.0b013e318236f7b8)

18 Lagu T, Rothberg MB, Shieh MS, Pekow PS, Steingrub JS &

Lindenauer PK. Hospitalizations, costs, and outcomes of severe sepsis in
http://www.endocrineconnections.org
DOI: 10.1530/EC-13-0040

� 2013 The authors
Published by Bioscientifica Ltd
the United States 2003 to 2007. Critical Care Medicine 2012 40 754–761.

(doi:10.1097/CCM.0b013e318232db65)

19 Andersen SK, Gjedsted J, Christiansen C & Tonnesen E. The roles of

insulin and hyperglycemia in sepsis pathogenesis. Journal of Leukocyte

Biology 2004 75 413–421. (doi:10.1189/jlb.0503195)

20 Blakemore A, Wang SH, Le Compte A, Shaw GM, Wong XW, Lin J,

Lotz T, Hann CE & Chase JG. Model-based insulin sensitivity as a sepsis

diagnostic in critical care. Journal of Diabetes Science and Technology 2008

2 468–477.

21 Chambrier C, Laville M, Rhzioual Berrada K, Odeon M, Bouletreau P &

Beylot M. Insulin sensitivity of glucose and fat metabolism in severe

sepsis. Clinical Science 2000 99 321–328. (doi:10.1042/CS20000017)

22 Losser MR, Damoisel C & Payen D. Bench-to-bedside review: glucose

and stress conditions in the intensive care unit. Critical Care 2010 14

231. (doi:10.1186/cc9100)

23 Marik PE & Raghavan M. Stress-hyperglycemia, insulin and immuno-

modulation in sepsis. Intensive Care Medicine 2004 30 748–756. (doi:10.

1007/s00134-004-2167-y)

24 Siracusano L & Girasole V. Glucose and lipid metabolism in sepsis and

endotoxemia. Acta Anaesthesiologica Scandinavica 2009 53 413–414.

(doi:10.1111/j.1399-6576.2008.01868.x)

25 Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R,

Reinhart K, Angus DC, Brun-Buisson C, Beale R et al. Surviving Sepsis

Campaign: international guidelines for management of severe sepsis

and septic shock: 2008. Critical Care Medicine 2008 36 296–327.

(doi:10.1097/01.CCM.0000298158.12101.41)

26 Marshall JC & Reinhart K. Biomarkers of sepsis. Critical Care Medicine

2009 37 2290–2298. (doi:10.1097/CCM.0b013e3181a02afc)

27 Pierrakos C & Vincent JL. Sepsis biomarkers: a review. Critical Care 2010

14 R15. (doi:10.1186/cc8872)

28 Feingold KR, Grunfeld C, Heuer JG, Gupta A, Cramer M, Zhang T,

Shigenaga JK, Patzek SM, Chan ZW, Moser A et al. FGF21 is increased by

inflammatory stimuli and protects leptin-deficient ob/ob mice from the

toxicity of sepsis. Endocrinology 2012 153 2689–2700. (doi:10.1210/en.

2011-1496)

29 Johnson CL, Weston JY, Chadi SA, Fazio EN, Huff MW,

Kharitonenkov A, Koester A & Pin CL. Fibroblast growth factor 21

reduces the severity of cerulein-induced pancreatitis in mice. Gastro-

enterology 2009 137 1795–1804. (doi:10.1053/j.gastro.2009.07.064)

30 Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA,

Schein RM & Sibbald WJ. Definitions for sepsis and organ failure and

guidelines for the use of innovative therapies in sepsis. The

ACCP/SCCM Consensus Conference Committee. American College of

Chest Physicians/Society of Critical Care Medicine. Chest 1992 101

1644–1655. (doi:10.1378/chest.101.6.1644)

31 Muckart DJ & Bhagwanjee S. American College of Chest Physicians/

Society of Critical Care Medicine Consensus Conference definitions of

the systemic inflammatory response syndrome and allied disorders in

relation to critically injured patients. Critical Care Medicine 1997 25

1789–1795. (doi:10.1097/00003246-199711000-00014)

32 Knaus WA, Draper EA, Wagner DP & Zimmerman JE. APACHEII:

a severity of disease classification system. Critical Care Medicine 1985

13 818–829. (doi:10.1097/00003246-198510000-00009)

33 Le Gall JR, Lemeshow S & Saulnier F. A new simplified acute physiology

score (SAPS II) based on a European/North American multicenter study.

Journal of the American Medical Association 1993 270 2957–2963.

(doi:10REF35=10.2337/dc09-0684)

34 Nakamura A, Wada H, Ikejiri M, Hatada T, Sakurai H, Matsushima Y,

Nishioka J, Maruyama K, Isaji S, Takeda T et al. Efficacy of procalcitonin

in the early diagnosis of bacterial infections in a critical care unit. Shock

2009 31 586–591. (doi:10.1097/SHK.0b013e3181994cc3)

35 Chavez AO, Molina-Carrion M, Abdul-Ghani MA, Folli F, Defronzo RA

& Tripathy D. Circulating fibroblast growth factor-21 is elevated

in impaired glucose tolerance and type 2 diabetes and correlates

with muscle and hepatic insulin resistance. Diabetes Care 2009 32

1542–1546. (doi:10.2337/dc09-0684)
This work is licensed under a Creative Commons
Attribution 3.0 Unported License.

Downloaded from Bioscientifica.com at 05/22/2023 03:24:05PM
via free access

http://dx.doi.org/10.1128/MCB.02249-06
http://dx.doi.org/10.1007/s00441-010-1024-2
http://dx.doi.org/10.1016/j.coph.2009.07.001
http://dx.doi.org/10.1073/pnas.0701600104
http://dx.doi.org/10.1210/me.2010-0142
http://dx.doi.org/10.1016/j.cmet.2007.05.003
http://dx.doi.org/10.1111/cen.12095
http://dx.doi.org/10.1210/en.2013-1191
http://dx.doi.org/10.1210/en.2008-0816
http://dx.doi.org/10.1210/en.2008-0816
http://dx.doi.org/10.1172/JCI23606
http://dx.doi.org/10.1210/en.2006-1168
http://dx.doi.org/10.1210/en.2012-1211
http://dx.doi.org/10.2337/db08-0392
http://dx.doi.org/10.1056/NEJMra021333
http://dx.doi.org/10.1056/NEJMra021333
http://dx.doi.org/10.1001/jama.1995.03520260039030
http://dx.doi.org/10.1001/jama.1995.03520260039030
http://dx.doi.org/10.1097/CCM.0b013e318236f7b8
http://dx.doi.org/10.1097/CCM.0b013e318232db65
http://dx.doi.org/10.1189/jlb.0503195
http://dx.doi.org/10.1042/CS20000017
http://dx.doi.org/10.1186/cc9100
http://dx.doi.org/10.1007/s00134-004-2167-y
http://dx.doi.org/10.1007/s00134-004-2167-y
http://dx.doi.org/10.1111/j.1399-6576.2008.01868.x
http://dx.doi.org/10.1097/01.CCM.0000298158.12101.41
http://dx.doi.org/10.1097/CCM.0b013e3181a02afc
http://dx.doi.org/10.1186/cc8872
http://dx.doi.org/10.1210/en.2011-1496
http://dx.doi.org/10.1210/en.2011-1496
http://dx.doi.org/10.1053/j.gastro.2009.07.064
http://dx.doi.org/10.1378/chest.101.6.1644
http://dx.doi.org/10.1097/00003246-199711000-00014
http://dx.doi.org/10.1097/00003246-198510000-00009
http://dx.doi.org/10REF35=10.2337/dc09-0684
http://dx.doi.org/10.1097/SHK.0b013e3181994cc3
http://dx.doi.org/10.2337/dc09-0684
http://www.endocrineconnections.org
http://dx.doi.org/10.1530/EC-13-0040
http://creativecommons.org/licenses/by/3.0/deed.en_GB
http://creativecommons.org/licenses/by/3.0/deed.en_GB


E
n

d
o

cr
in

e
C

o
n

n
e
ct

io
n

s
Research K Gariani et al. Increased FGF21 levels in

human sepsis
153–153 2 :153
36 Dushay J, Chui PC, Gopalakrishnan GS, Varela-Rey M, Crawley M,

Fisher FM, Badman MK, Martinez-Chantar ML & Maratos-Flier E.

Increased fibroblast growth factor 21 in obesity and nonalcoholic fatty

liver disease. Gastroenterology 2010 139 456–463. (doi:10.1053/j.gastro.

2010.04.054REF39=10.2337/db07-1476)

37 Li H, Bao Y, Xu A, Pan X, Lu J, Wu H, Lu H, Xiang K & Jia W. Serum

fibroblast growth factor 21 is associated with adverse lipid profiles and

g-glutamyltransferase but not insulin sensitivity in Chinese subjects.

Journal of Clinical Endocrinology and Metabolism 2009 94 2151–2156.

(doi:10.1210/jc.2008-2331)

38 Li H, Fang Q, Gao F, Fan J, Zhou J, Wang X, Zhang H, Pan X, Bao Y,

Xiang K et al. Fibroblast growth factor 21 levels are increased in
http://www.endocrineconnections.org
DOI: 10.1530/EC-13-0040

� 2013 The authors
Published by Bioscientifica Ltd
nonalcoholic fatty liver disease patients and are correlated with hepatic

triglyceride. Journal of Hepatology 2010 53 934–940. (doi:10.1016/

j.jhep.2010.05.018)

39 Zhang X, Yeung DC, Karpisek M, Stejskal D, Zhou ZG, Liu F, Wong RL,

Chow WS, Tso AW, Lam KS et al. Serum FGF21 levels are increased

in obesity and are independently associated with the metabolic

syndrome in humans. Diabetes 2008 57 1246–1253. (doi:10.2337/

db07-1476)

40 Luzzani A, Polati E, Dorizzi R, Rungatscher A, Pavan R & Merlini A.

Comparison of procalcitonin and C-reactive protein as markers of

sepsis. Critical Care Medicine 2003 31 1737–1741. (doi:10.1097/01.

CCM.0000063440.19188.ED)
Received in final form 16 August 2013

Accepted 2 September 2013
This work is licensed under a Creative Commons
Attribution 3.0 Unported License.

Downloaded from Bioscientifica.com at 05/22/2023 03:24:05PM
via free access

http://dx.doi.org/10.1053/j.gastro.2010.04.054REF39=10.2337/db07-1476
http://dx.doi.org/10.1053/j.gastro.2010.04.054REF39=10.2337/db07-1476
http://dx.doi.org/10.1210/jc.2008-2331
http://dx.doi.org/10.1016/j.jhep.2010.05.018
http://dx.doi.org/10.1016/j.jhep.2010.05.018
http://dx.doi.org/10.2337/db07-1476
http://dx.doi.org/10.2337/db07-1476
http://dx.doi.org/10.1097/01.CCM.0000063440.19188.ED
http://dx.doi.org/10.1097/01.CCM.0000063440.19188.ED
http://www.endocrineconnections.org
http://dx.doi.org/10.1530/EC-13-0040
http://creativecommons.org/licenses/by/3.0/deed.en_GB
http://creativecommons.org/licenses/by/3.0/deed.en_GB

	Introduction
	Subjects and methods
	Outline placeholder
	Patients
	Blood analyses
	Hepatocytes stimulation
	Statistical analysis


	Results
	Outline placeholder
	Patients’ characteristics
	FGF21 levels in patients with sepsis, SIRS, and in healthy controls
	Relationship between FGF21 levels, severity of sepsis, and biomarkers of inflammation
	Time-course of FGF21 during sepsis
	Is FGF21 an acute-phase protein?


	Discussion
	Declaration of interest
	Funding
	Author contribution statement
	References

