
© 2015 Gråberg et al. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution – Non Commercial (unported, v3.0)  
License. The full terms of the License are available at http://creativecommons.org/licenses/by-nc/3.0/. Non-commercial uses of the work are permitted without any further 

permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on 
how to request permission may be found at: http://www.dovepress.com/permissions.php

Journal of Inflammation Research 2015:8 149–160

Journal of Inflammation Research Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
149

O R I g I n a l  R e s e a R c h

open access to scientific and medical research

Open access Full Text article

http://dx.doi.org/10.2147/JIR.S84165

an ex vivo RT-qPcR-based assay for human 
peripheral leukocyte responsiveness to 
glucocorticoids in surgically induced inflammation

Truls gråberg1

lovisa strömmer1

erik hedman2

Mehmet Uzunel3

ewa ehrenborg4

ann-charlotte Wikström5

1Division of surgery, Department of 
clinical science, Intervention and 
Technology (clInTec), Karolinska 
Institutet, 2Department of clinical 
Pharmacology, Karolinska University 
hospital, 3Division of Therapeutic 
Immunology, Department of 
laboratory Medicine, 4atherosclerosis 
Research Unit, Department of 
Medicine, solna, 5Unit of Translational 
Immunology, Department of 
Medicine, solna, Karolinska Institutet, 
stockholm, sweden

correspondence: Truls gråberg 
Division of surgery, Department of 
clinical science, Intervention and 
Technology (clInTec), Karolinska 
University hospital, K53, huddinge,  
se 141 86 stockholm, sweden 
Tel +46 70 511 2992, +46 8 5858 1384 
Fax +46 8 5858 2340 
email truls.graberg@ki.se

Introduction: An assay to determine glucocorticoid (GC) responsiveness in humans could be 

used to monitor GC non-responsiveness in states of GC insufficiency and could provide a tool 

to adapt GC treatment to individual patients. We propose an ex vivo assay to test GC respon-

siveness in peripheral leukocytes. The assay was evaluated in a human experimental model of 

surgery-induced inflammation.

Patients and methods: Changes in expression of the GC-regulated genes GILZ, IL1R2, FKBP5, 

and HLA-DR and glucocorticoid receptor alpha (GRα) were determined by reverse transcriptase 

quantitative polymerase chain reaction (RT-qPCR) in peripheral leukocytes from surgical patients 

and healthy blood donors (total n=60) in response to low (1 nM) and high (1 µM) dexamethasone 

(DEX). The final selection of a suitable endogenous control gene was based on the studies of stability 

during DEX treatment and inflammation. Correlations between pre- and postoperative GC-induced 

gene expression, the postoperative systemic inflammatory and metabolic response (CRP, IL-6, white 

blood cell count, cytokines, resistin, free fatty acids, glucose, insulin, and adiponectin), and the 

clinical outcome were analyzed. The length of stay in the intensive care unit (ICU-LOS), the length 

of stay in the hospital, and postoperative complications were used to measure clinical outcome.

Results: When the blood donors were compared to the patients, there were no significant dif-

ferences in the regulation of the genes in response to DEX, except for GRα. Preoperative, but 

not postoperative, gene regulation of GILZ and GRα was negatively correlated to ICU-LOS 

(P,0.05 and P,0.01, respectively). Preoperative GILZ and FKBP5 gene regulation was nega-

tively correlated to postoperative systemic TNFα and MIP-1α levels.

Conclusion: We suggest that this assay could be used to determine GC responsiveness. An 

alteration in preoperative GC responsiveness may be related to a patient’s ability to recover from 

surgically induced inflammatory stress.

Keywords: glucocorticoid responsiveness, gene regulation, clinical outcome, GILZ, GRα, 

cytokines

Introduction
Corticosteroid insufficiency is observed in a variety of states involving severe inflam-

mation (eg, hemorrhagic shock, acute pancreatitis, critical illness, and severe sepsis) 

and is associated with an increase in morbidity and mortality.1–4 However, the diagnosis 

of corticosteroid insufficiency is fraught with difficulties because the cells’ response 

to cortisol is the most important factor, rather than the circulating concentration of 

this hormone.2 An assay to determine actual glucocorticoid (GC) responsiveness in 

humans could not only enable the diagnosis and monitoring of diminished GC respon-

siveness in states of corticoid insufficiency and inflammation, but could also provide 

a tool for customizing GC treatment to individual patients.
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Several methodologies have been investigated for deter-

mining cellular GC responsiveness in circulating human 

blood cells.5–7 Vermeer et al6 showed that GC-induced upregu-

lation of the FK506 binding protein 5 (FKBP5) in human 

leukocytes could be used as a marker of GC responsiveness. 

FKBP5 interacts with the glucocorticoid receptor (GR) and 

the subsequent GR-associated transcription machinery.8 

Burnsides et al found similar upregulation in experiments 

using FKBP5 and the GC-induced leucine zipper (GILZ) 

gene, which is involved in the regulation of inflammation.5 

However, these assays have only been used in limited studies 

of altered GC responsiveness in clinical states that involve 

GC dysregulation5,6 and the assays have not been evaluated 

in states of severe inflammation.

Using an expanded and modified version of the assay, 

used by Burnsides et al, we sought to study cellular GC 

responsiveness in the context of systemic inflammation.5 We 

selected major elective surgery in humans as our model.

In the present study, we propose an ex vivo assay that 

uses reverse transcriptase quantitative polymerase chain 

reaction (RT-qPCR) to test GC responsiveness in whole 

blood. Specifically, we studied GC-induced gene regulation 

at physiological and supraphysiological GC concentrations 

using genes that would be expected to be upregulated: GILZ, 

interleukin 1 receptor II (IL1R2), and FKBP5, and genes that 

would be expected to be downregulated: human leukocyte 

antigen DR (HLA-DR) and glucocorticoid receptor alpha 

(GRα). The genes were selected based on previous reports 

of GC regulation.9–11 The GRα gene was used because of its 

role in feedback regulation of GCs.12 The responses of five 

housekeeping (HK) genes to GC stimulation and inflamma-

tion from surgical trauma were evaluated in order to identify 

the most suitable endogenous control gene.

We found correlations between preoperative GC-induced 

gene expression and clinical outcome (length of stay in the inten-

sive care unit [ICU-LOS]), as well as correlations with markers 

of the postoperative systemic inflammatory response.

Patients and methods
study design
The study was performed in two cohorts of blood donors 

(BD1 n=21 and BD2 n=9) and in two patient cohorts (PAT1 

n=9 and PAT2 n=21). The analysis of data was performed in 

four parts: A) the evaluation of possible GC-regulated genes 

in peripheral leukocytes in BD1 and PAT1; B) the evaluation 

of the stability of endogenous control genes in response to 

dexamethasone (DEX) in BD2 and PAT2; C) the correlation 

of GC gene regulation between low (1 nM) and high (1 µM) 

DEX concentrations during conditions without surgery-

induced inflammation (preoperatively) and with surgery-

induced inflammation (postoperatively) in PAT2; and D) the 

correlation between pre- and postoperative GC-stimulated 

gene expression change and systemic markers of inflamma-

tion (CRP, IL-6, white blood cell count, and cytokines) and 

metabolic response (resistin, free fatty acids, glucose, insulin, 

and adiponectin) as well as clinical outcomes – ICU-LOS, 

length of stay in the hospital, and postoperative complica-

tions in PAT2.

Blood donors
Whole blood from two cohorts of healthy blood donors 

was drawn in heparinized tubes according to the standard 

procedures at the blood donation facilities operated by 

the Department of Transfusion Medicine at Karolinska 

University Hospital. The Stockholm Regional Ethical Review 

Board does not require an ethical permission for the use of 

non-identified healthy donor samples.

surgical patients
The ethical permission for the surgical patients (2009/366-

31) was granted by the Stockholm Regional Ethical Review 

Board. Consecutive patients planned for gastrointestinal 

surgery were recruited and included after having given 

informed consent. Blood was sampled in standard Ethylene-

diaminetetraacetic acid (EDTA) tubes on the day of surgery. 

No patients received GCs or anti-inflammatory agents before 

the operation. Blood was again sampled between 8 and 9 am 

on the first postoperative day. Fresh blood was used for the 

GC responsiveness assays, and plasma was frozen rapidly 

at −80°C for later analysis of inflammatory and metabolic 

markers.

Incubation with gc
A total of 900 µL of blood was supplemented with 100 µL 

of medium with or without DEX (Sigma-Aldrich, St Louis, 

MO, USA) and incubated overnight. We used a final concen-

tration of 10−6 M (high) or 10−8 M (low) DEX or medium 

only. Medium was RPMI-1640 (Gibco, Paisley, UK), with 

2 mM l-glutamine (Life Technologies,  Stockholm,  Sweden) 

and 50 IU/mL of penicillin and 50 µg/mL of streptomy-

cin (Gibco). No fetal calf serum was used. Only the high 

DEX concentration was used in part A of the study. In 

parts B–D, both low and high DEX concentrations were 

used for stimulation. Incubation was performed overnight 

(16–22 hours) in 5% CO
2
 at 37°C in 50 mL polypropylene 

tubes with the lids left untightened.
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extraction of leukocyte Rna
The erythrocytes were lysed after the incubation, using cold 

ammonium lysis buffer (153 mM NH
4
Cl, 10 mM KHCO

3
, 

and 0.01 mM EDTA adjusted to pH 7.4–7.5).

After lysis and washing, leukocyte pellets were resus-

pended in 350 µL of RLT Buffer (from QIAGEN RNEasy 

Kit, QIAGEN AB, Stockholm, Sweden). RNA was then 

extracted from the leukocyte suspension using silica-based 

precipitation columns according to the manufacturer’s 

protocols. The RNA obtained was eluted in 36 µL of RNase 

free water, and 6 µL of the resulting solution was used for 

spectrophotometric measurement of RNA concentration 

and purity. The 260 nM/230 nM absorbance ratio was .1.7 

in BD1 and PAT1 and .1.8 in BD2 and PAT2, which was 

in the acceptable range. Samples were diluted to the RNA 

concentration of ,50 µg/mL.

Reverse transcription
In cohorts BD1 and PAT1, cDNA synthesis was performed 

in 1× first strand buffer (50 mM Tris–HCl pH 8.3, 75 mM 

KCl, and 3 mM MgCl
2
), 105 µg/mL pdN6 (GE Health-

care Bio-Sciences AB, Uppsala, Sweden), 1 mM of each 

dNTP (GE Healthcare Bio-Sciences AB), 1 mM DTT, 

0.48 units/µL RNasin (Promega Corporation, Madison, 

WI, USA), and 4.8 units/µL M-MLV Reverse Transcriptase 

(RT) (Invitrogen, Paisley, UK). For cohorts BD2 and PAT2, 

a proprietary high-capacity reverse transcription kit was used 

(Applied Biosystems, Foster City, CA, USA), including its 

RNase inhibitor and recombinant version of RT. All reactions 

were performed at 37°C, as per the manufacturer’s protocols, 

for 90 minutes in a total volume of 50 µL containing 30 µL 

of the RNA solution, and terminated at 85°C for 1 minute.

We conducted several experiments evaluating the addi-

tion of DNase treatment to the protocol (data not shown). 

On-column treatment with RNase free DNase (QIAGEN 

AB) was included in BD2 and PAT2 cohorts.

selection of target genes for RT-qPcR
Data from a previous study on GC gene regulation9 were col-

lected from Gene Expression Omnibus (http://www.ncbi.nlm.

nih.gov/geo/), dataset GSE2842 and reanalyzed with GeneChip 

Operating Software (GCOS) version 1.4 (Affymetrix Inc., Santa 

Clara, CA, USA). Details are provided in the “Gene Expression 

Omnibus data” section in supplementary materials.

selection of endogenous control gene for 
RT-qPcR
Five different HK genes were evaluated for possible 

use as endogenous control genes in the studies of GC 

gene regulation. The HK genes tested in patient samples 

were beta-2-microglobulin (B2M) (NM_004048.2), cyclo-

philin (NM_021130.3), ribosomal protein, large, P0 (RPLP0) 

(NM_053275.3), glucose-6-phosphate dehydrogenase 

(G6PD) (NM_000402.4), and the Abelson protein (ABL) 

(NM_005157). The primer and probe sequences are listed 

in Table S1.

Measuring gene regulation
Expression levels for the five GC-regulated target genes 

were measured using RT-qPCR. RT-qPCR was run on an 

ABI 7000 Sequencer-detector (Applied Biosystems), using 

the following PCR conditions: 50°C for 2 minutes, 95°C for 

10 minutes followed by 40 PCR amplification cycles with 

95°C for 15 seconds and 58°C for 1 minute. A Reporter, 

normalized-threshold level of 0.025 was used. All samples 

were run in duplicate, and their average difference in cycles 

to threshold (C
T
) was compared to that of the control gene. 

Relative expression levels, reflecting up- or downregulation 

(ie, change in expression), were derived by using the delta-

delta-CT calculation method.13 In BD1 and PAT1, G6PD was 

used as the endogenous control gene, but after evaluation (see 

below), it was replaced by RPLP0 in PAT2.

systemic concentrations of inflammatory 
and metabolic markers
Plasma obtained pre- and postoperatively was analyzed for 

cortisol, insulin, and c-peptide using electrochemilumines-

cence immunoassays. Glucose was measured in the plasma 

by reflectance photometry, and adiponectin was determined 

by a radioimmunoassay. A 21-plex cytokine panel (Merck 

Millipore, Billerica, MA, USA) was used to measure eotaxin, 

GM-CSF, IFNγ, IP-10, IL-1Rα, IL-1β, IL-1α, IL-2, IL-4, 

IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12p40, IL-12p70, 

MCP-1, MIP-1α, MIP-1β, and TNFα, by magnetic bead fluo-

rescence multiplex immunoassay. The measurements were 

performed on a Magpix instrument (Luminex Corporation, 

Austin, TX, USA). Plasma levels of resistin were deter-

mined using a Quantikine ELISA Kit (Novakemi, Handen, 

Sweden). Non-esterified fatty acid concentrations in plasma 

were measured pre- and postoperatively using an enzymatic 

colorimetric assay from Wako Chemicals (Nordic Biolabs, 

Täby, Sweden).

clinical outcome
Days of care in the ICU-LOS and length of stay in the hospi-

tal were recorded. Postoperative complications were graded 

according to Dindo et al.14 This was done independently by 
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two surgeons who were blinded to all of the results of the 

study.

statistical methods
Summary statistics are presented as median and interquartile 

range (IQR). Gene regulation data were analyzed and are shown 

as log(2) fold change. The one-sample t-test was used to ana-

lyze whether significant up- or downregulation had occurred. 

Equality of variance and normality was analyzed using 

 Levene’s test and Shapiro–Wilk’s test, respectively. Group-

wise comparisons were performed by independent samples 

Student’s or Welch’s t-test depending on the variance and 

normality. Testing of differences and calculation of correlations 

were performed using related samples Wilcoxon signed-rank 

test and Spearman’s rank correlation (“ρ”) or paired Student’s 

t-test and the Pearson correlation (“r”), as appropriate.

Results
selection of target genes for RT-qPcR
Suitable upregulated genes were IL1R211 (NM_004633 

and NM_203416), FKBP56,8 (NM_004117), and GILZ15 

(NM_198057). The downregulated genes that were suitable 

were HLA-DR16 (NM_002124) and GRα12 (NM_001018075). 

The primer and probe sequences are listed in Table S1.

gc-regulated genes in blood donors 
and surgical patients
GC-induced gene expression of GILZ, IL1R2, FKBP5, 

HLA-DR, and GRα in the BD1 and PAT1 cohorts is shown 

in Figure 1. In the BD1 cohort, we observed significant 

upregulation and downregulation for all tested genes (GILZ, 

IL1R2, FKBP5, HLA-DR, and GRα) with respect to the 

endogenous control genes G6PD and B2M. All genes were 

moderately to strongly correlated to endogenous control genes 

G6PD and B2M (all r=0.6–0.9 and P,0.001), except for GRα 

(r=0.5, ns). There was a −0.74 difference in log(2) expression 

between B2M and G6PD (all P,0.005). The genes GILZ, 

IL1R2, FKBP5, HLA-DR, and GRα were tested in the first 

cohort of preoperative samples from surgical patients (PAT1, 

n=9), using G6PD as the endogenous control.

The upregulated and downregulated gene responses 

to DEX were similar in the surgical patients compared to 

blood donors, except for the GRα response. GRα was not 

significantly downregulated in response to 1 µM DEX in the 

PAT1 cohort (Figure 1). Comparisons of GC-induced gene 

expression were made between surgical patients and blood 

donors (cohorts PAT1 and BD1). Equal variances between 

cohorts were observed for all genes, except for the IL1R2 

gene (P,0.001). Induced gene expression changes at 1 µM 

DEX for GILZ, IL1R2, FKBP5, and HLA-DR did not differ 

between blood donors (BD1) and patients (PAT1). In contrast, 

there was a significant difference between blood donors and 

patients for the GRα response to 1 µM DEX (P,0.01).

evaluation of endogenous control genes
In the blood donors, RPLP0, G6PD, B2M, and cyclophilin, 

but not ABL, showed a significant correlation between 

non-stimulated and DEX-stimulated (both low and high) 
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Figure 1 gene expression of gc-regulated genes in peripheral leukocytes in response to 1 µM dexamethasone (DeX) in healthy blood donors (BD1, n=21, A) and in surgical 
patients (PaT1, n=9, B) using the endogenous control g6PD.
Notes: *P,0.05, **P,0.01, and ***P,0.0001, vs unstimulated sample. Data are presented as box plots showing median and IQR with whiskers at quartiles ±1.5 IQR.
Abbreviations: FKBP5, FK506 binding protein 5; g6PD, glucose-6-phosphate dehydrogenase; GILZ, glucocorticoid-induced leucine zipper; gRα, glucocorticoid receptor 
alpha; HLA-DR, human leukocyte antigen DR; IL1R2, interleukin 1 receptor II; IQR, interquartile range.
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gene expression (r=0.73–0.86, P=0.01–0.05; ABL r=0.54, 

ns). A significant difference between non-stimulated and 

DEX-stimulated samples (high DEX, P,0.05) was seen 

only for G6PD. These results showed that ABL and G6PD 

were less suitable as endogenous control genes. Details are 

shown in Table S2.

RPLP0, B2M, and cyclophilin expression was determined 

in the PAT2 cohort. There was a significant correlation 

between non-DEX-stimulated preoperative and postop-

erative gene expression for these three genes (B2M r=0.65, 

P,0.001; cyclophilin r=0.72, P,0.001; and RPLP0 r=0.84, 

P,0.0001). RPLP0 had the strongest correlation between 

pre- and postoperative samples, the smallest mean difference, 

the smallest standard deviation, and the narrowest confidence 

interval. Details are shown in Table S3.

Differences in gc-regulated gene 
expression in response to low and  
high DeX
Correlations and differences between gene expression change 

at low and high concentrations of DEX were calculated and 

analyzed in preoperative samples in the PAT2 cohort. Log(2) 

levels of DEX-mediated changes in gene expression of 

GILZ, FKBP5, IL1R2, and HLA-DR in preoperative samples 

displayed normal distributions. There were moderate to 

strong correlations between regulation at low and high DEX 

concentrations (gene expression at low DEX vs high DEX: 

GILZ r=0.48, FKBP5 r=0.48, IL1R2 r=0.67, and HLA-DR 

r=0.76, all P,0.001). Furthermore, there were significant 

differences between GC-induced gene expression at low and 

high concentrations (all P,0.001). Significantly different but 

correlated gene expression levels at different concentrations 

of DEX suggest a dose–response pattern for these four genes. 

No such pattern was seen for the GRα gene. GC-induced 

GRα expression deviated significantly from normality at both 

low and high DEX concentrations (both P,0.05).

In the postoperative samples from the PAT2 cohort, there 

were no significant deviations from normality at either low or 

high concentrations of DEX for any of the five genes investi-

gated (all ns). For each gene, there were correlations between 

induced gene expression at low and high concentrations (gene 

expression at low DEX vs high DEX: GILZ r=0.52, P,0.05; 

FKBP5 r=0.76, P,0.001; IL1R2 r=0.78, P,0.001; HLA-DR 

r=0.56, P,0.01; and GRα r=0.46, P,0.05). For all genes, 

we saw significant differences between induced expression 

at low and high DEX concentrations (gene expression at low 

DEX vs high DEX: GILZ P,0.01; FKBP5 P,0.0001; IL1R2 

P,0.0001; HLA-DR P,0.05; and GRα P,0.0001).

gc-regulated gene expression  
and clinical outcome
Procedure and outcome data for the patients are shown in 

Table 1. Preoperative and postoperative gene regulation did 

not significantly vary with age or sex for either concentration 

of DEX. The correlations between ICU-LOS and preopera-

tive gene expression in response to low DEX were significant 

for GILZ and GRα (GILZ r=−0.47, P,0.05; GRα r=−0.64, 

P,0.01; Figure 2A and B), but not for IL1R2, FKBP5, or 

HLA-DR. In the postoperative samples, there were no sig-

nificant correlations between ICU-LOS and gene regulation 

at either concentration. There were no significant correla-

tions between Clavien–Dindo grade and GC-induced gene 

expression at either DEX concentration in either the pre- or 

the postoperative samples.

There were trends toward correlations between preopera-

tive IL1R2 at low DEX and ICU-LOS (r=−0.42, P=0.06) and 

Clavien–Dindo grade (ρ=0.44, P=0.051). Additional results 

are shown in Figures S1 and S2.

gc-regulated gene expression and 
inflammatory and metabolic markers
Except for C-peptide and non-esterified fatty acids, the 

systemic concentrations of the inflammatory and metabolic 

markers were increased after surgery (Table 2). There was 

no significant difference in serum cortisol between pre- and 

postoperative samples. In the preoperative samples stimulated 

with high DEX, the expression levels of HLA-DR and IL1R2 

were correlated with preoperative cortisol levels (r=0.50, 

P,0.05 and r=−0.61, P,0.01, respectively). There were no 

significant correlations between DEX-induced expression of 

GILZ, FKBP5, and GRα and serum cortisol levels.

Postoperative cortisol, the systemic inflammatory markers 

(CRP, neutrophil count, and IL-6), and the metabolic markers 

(glucose, insulin, c-peptide, adiponectin, and resistin) were 

not significantly correlated to GC-regulation of any of the 

genes at either concentration in the postoperative samples.

There were no significant correlations of apparent clinical 

importance between the plasma levels of any of the 21 cytok-

ines investigated postoperatively and preoperative GC regula-

tion of IL1R2, GRα, and HLA-DR at either concentration. 

Preoperative GILZ expression in samples stimulated with 

high DEX was correlated to postoperative levels of MIP-1α 

and TNFα (ρ=−0.48 and −0.505, both P,0.05). Preoperative 

high-DEX-stimulated FKBP5 expression was correlated with 

postoperative MIP-1α plasma concentrations (ρ=−0.493, 

P=0.037). There were no significant correlations between 
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postoperative GC-induced gene expression and postoperative 

levels of cytokines.

Discussion
We propose an assay for measuring the DEX-induced 

expression of GC-regulated genes in human peripheral leu-

kocytes as a reflection of GC responsiveness. There were no 

significant differences between blood donor and patients in 

the regulation of GILZ, IL1R2, FKBP5, HLA-DR, and GRα 

expression in response to DEX, although variance of GRα 

expression was greater in the patients. Preoperative, but 

not postoperative, GC regulation of the GILZ response was 

negatively correlated to ICU-LOS and postoperative systemic 

TNFα and MIP-1 levels.

Our results are consistent with earlier studies of the 

induced expression of the GILZ and FKBP5 genes in human 

peripheral leukocytes in response to DEX.5,6 The present 

study expanded the previously described methodology by 

investigating additional GC-regulated genes that could be 

used to describe altered gene regulation more fully in various 

inflammatory states. We also identified a control gene, RPLP0 

that was suitable for both GC stimulation and inflammation. 

The dose–response pattern in GC-induced gene expression 

in response to two concentrations of DEX, both with and 

without inflammation, showed the stability of the assay.

As expected, surgery resulted in a postoperative inflam-

matory and metabolic response that was shown by increased 

CRP, IL-6, neutrophils, insulin, and resistin and decreased 

adiponectin. However, the postoperative regulation of genes 

previously shown to be strongly regulated by GC (GILZ, 

IL1R2, FKBP5, HLA-DR, and GRα) was not correlated with 

the markers of metabolism and systemic inflammation used 

in the present study. Several mechanisms may explain the 

lack of significant associations between postoperative gene 

regulation by GC and the systemic stress responses. It is 

possible that the genes investigated were not specific to the 

surgery-induced inflammatory response or that the timing 

or sensitivity of the assay could not detect changes in GC-

induced gene expression in the early phase of postoperative 

inflammation. Testing this assay at multiple time-points after 

the onset of inflammation, ie, surgery, might provide deeper 

insight. Also, further investigation of the optimal duration 

of DEX incubation is warranted.

Alternatively, greater variations in cell populations within 

the white blood cells in the postoperative state may have 

played a role. The white blood cell count and the number of 

Table 1 characteristics of patients, procedures, and outcomes

Patient cohort 1 (PAT1) n Median (IQR) Patient cohort 2  
(PAT2)

n Median (IQR)

Type of surgery
 Pancreas 1 Pancreas 5
 liver 5 liver 13
 esophagus 2 spleen 2
 gastric 2 Other 1
 Total 10 Total 21
sex
 Female 3 9
 Male 7 12
age (years) 62.90 (56.60–73.39) 66.29 (59.84–72.63)
asa class
 1 4
 2 5 12
 3 1 9
Duration of operation (minutes) 295 (227–420)* 210 (165–322)
Blood loss (ml) 1,000 (800–1,600)** 500 (350–1,000)
clavien–Dindo grade
 I 6 7
 II 4 9
 IIIa 1
 IIIb 1
 IV 1
 V 2
IcU-lOs (days) 3.5 (3–6) 2 (0–3)
length of stay in the hospital (days) 12 (10–29) 10 (8–14)

Notes: *Missing data for three patients; **missing data for one patient.
Abbreviations: IcU-lOs, length of stay in the intensive care unit; IQR, interquartile range; asa class, american society of anesthesiologists class.
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Figure 2 correlation between preoperative gene expression of GILZ (P,0.05, A) and gRα (P,0.05, B) in response to 10 nM DeX in peripheral leukocytes from the patient 
cohort 2 (PaT2) (surgical patients, n=21) and length of stay (days) intensive care unit (IcU).
Note: scatterplot with fitted regression lines with 95% confidence interval of predicted means.
Abbreviations: GILZ, glucocorticoid-induced leucine zipper; gRα, glucocorticoid receptor alpha.
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neutrophils were increased to a similar degree after surgery 

in all patients, but the present study did not determine how 

GC-regulated gene expression in various subsets of white 

blood cells was affected by surgery. In future studies, we plan 

to look at subsets of white blood cells and also evaluate other 

GC-regulated and inflammation-related genes.

Interestingly, we observed that a stronger preoperative 

GC-induced expression of GILZ, a gene involved in anti-

inflammatory actions, was associated with a shorter ICU 

stay after surgery as well as with lower postoperative sys-

temic levels of the chemokines TNFα and MIP-1α. TNFα 

and MIP-1α are early proinflammatory factors released in 

response to injury; MIP-1α has been shown to be important 

for inflammation-induced organ injury after hemorrhage 

and surgical trauma in mice17 and TNFα is involved in 

the development of postoperative complications.18 Taken 

together, our results indicate that preoperative GC-regulation 

of genes involved in anti-inflammation could serve as a risk 

marker for an adverse outcome after surgery. Furthermore, 

we observed that a reduced downregulation of the GRα gene 

in response to DEX before surgery was correlated with a 

faster recovery after surgery (shorter ICU stay). The inter-

pretation of this finding is complex, since both enhancement 

and suppression of the inflammatory response by GC have 

been reported.16

Conclusion
We suggest that this assay could be used to assess GC 

responsiveness. Alterations in preoperative GC responsive-

ness ex vivo may reflect a patient’s ability to recover from 

surgically induced inflammatory stress. These results need to 

be confirmed in a larger study of surgical patients. The assay 

also needs to be evaluated in other pathophysiological 

inflammatory conditions and GC-resistant states.
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Supplementary materials
gene expression Omnibus data
Dataset GSE2842, samples GSM60588–60593.

Chip files for GCOS 1.4 were generated using all probe 

sets scaled to target signal 100. Expression levels between 

samples were compared using pairwise comparisons in 

GCOS:

6–0 hours; 60589 vs 60588, 60589 vs 60591, 60592 vs 

60588 and 60592 vs 60591.

24–0 hours; 60590 vs 60588, 60590 vs 60591, 60593 vs 

60588, 60593 vs 60591.

Probe sets with change call and signal log ratio $1 (fold 

change $2), and signal log ratio #−1 (fold change #−2) in 

all comparisons were selected for RT-qPCR.
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Figure S1 correlation between preoperative gene expression of IL1R2 (P=0.06) in response to 10 nM dexamethasone (DeX) in peripheral leukocytes from the PaT2 cohort 
and length of stay (days) in the intensive care unit (IcU).
Note: scatterplot with fitted regression lines with 95% confidence interval of predicted means.
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Table S1 Primer and probe sequences for investigated genes and endogenous control genes

Gene Forward primer Reverse primer Probe (FAM-TAMRA)

IL1R2 cccTcaagaccaTaTcagcTTcTc TgTgccggTTcccagaaa TcaagacTgacaaTcccgTgTaaggT
FKBP5 ggagcaggcTgccaTTgT accgccTgcaTgTaTTTgc agagaagggaaccgTaTacTTcaaggga
GILZ cgTggTggccaTagacaaca ccTcTcTcacagcaTacaT 

cagaTg
cgaacaggccaTggaTcTggTgaag

HLA-DR acTgggagTTTgaTgcTccaa cccaccagacccacagTca acTacagagaacgTggTgTgTgcccTgg
gRα caTTgTcaagagggaaggaaacTc TTaaggagaTTTTcaaccacT 

TcaTg
cagaacTggcagcggTTTTaTcaacTgac

B2m gagTaTgccTgccgTgTg aaTccaaaTgcggcaTcT ccTccaTgaTgcTgcTTacaTgTcTc
cyclophilin acggcgagcccTTgg TTTcTgcTgTcTTTgggaccT cgcgTcTccTTTgagcTgTTTgca
RPlP0 cTTgTcTgTggagacggaTTacac ccacaaaggcagaTggaTca cccacTTgcTgaaaaggTcaaggcc
g6PD TgcccccgaccgTcTac aTgcggTTccagccTaTcTg acTcgTgaaTgTTcTTggTgacggcc
aBl TggagaTaacacTcTaagcaTaacT 

aaaggT
gaTgTagTTgcTTgggaccca ccaTTTTTggTTTgggcTTcacaccaTT

Table S2 gene expression of candidate endogenous control 
genes in healthy blood donors (n=9)

Unstimulated 10 nM DEX 1 μM DEX

aBl
 Median 26.56 26.37 24.85
 IQR 25.39–26.77 25.65–26.91 24.17–27.26
B2M
 Median 17.00 16.84 16.64
 IQR 16.45–17.40 16.43–17.83 16.24–18.76
cyclophilin
 Median 21.16 21.34 20.86
 IQR 20.30–21.44 20.40–21.67 20.07–22.36
g6PD
 Median 24.66 23.89 23.42
 IQR 23.98–25.12 22.73–24.71 22.07–24.85
RPlP0
 Median 20.05 20.23 19.66
 IQR 19.47–20.79 19.40–20.72 19.08–21.33

Note: gene expression is displayed as medians and interquartile range (IQR) of 
crude cT values.
Abbreviations: DeX, dexamethasone; aBl, abelson protein; B2M, Beta-2-
microglobulin; g6PD, glucose-6-phosphate dehydrogenase; RPlP0, Ribosomal 
protein, large, P0.

Table S3 gene expression of endogenous control genes in sur-
gical patients (n=21)

Preoperative Postoperative

B2M
 Median 27.14 26.56
 IQR 26.04–27.56 24.83–27.21
cyclophilin
 Median 28.85 27.71
 IQR 27.34–29.23 26.09–28.67
RPlP0
 Median 29.40 28.93
 IQR 28.97–29.9 27.92–29.45

Note: gene expression is displayed as medians and interquartile range (IQR) of 
crude cT values.
Abbreviations: B2M, Beta-2-microglobulin; RPlP0, Ribosomal protein, large, P0.
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Figure S2 correlation between preoperative gene expression of IL1R2 (P=0.051) in response to 10 nM dexamethasone (DeX) in peripheral leukocytes from the PaT2 
cohort and clavien–Dindo grade of complications.
Note: scatterplot with fitted regression lines with 95% confidence interval of predicted means.
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