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Messenger RNA expression of major histocompatibility complex
class II genes in whole blood from septic shock patients*

Alexandre Pachot, PharmD; Guillaume Monneret, PharmD, PhD; Aurélie Brion; Fabienne Venet, PharmD;
Julien Bohé, MD, PhD; Jacques Bienvenu, PharmD, PhD; Bruno Mougin, PharmD, PhD; Alain Lepape, MD

Despite �20 yrs of extensive
research, severe sepsis and
septic shock remain the lead-
ing causes of mortality in

critically ill patients (1). Over the past 2
decades, the results of clinical trials using

antiinflammatory therapies have been dis-
appointing (2, 3). Although the host re-
sponse to an infection consists in a quasi-
simultaneous release in the blood of pro-
and antiinflammatory mediators, the sys-
temic antiinflammatory response rapidly
predominates in many patients (4). This
sustained immunosuppressive profile,
called “immunoparalysis,” is primarily
characterized by T-cell anergy and a defect
in antigen presentation (5, 6). Although the
direct link between immunoparalysis and
sepsis-associated morbidity and mortality
has not been clearly demonstrated thus far,
it is well established that critically ill pa-
tients with persistent immunoparalysis
show an increased risk of contracting a
nosocomial infection (7, 8), which might
dramatically worsen their prognosis. The
failure of antiinflammatory treatments ap-
pears to be the result of, at least in part, the
lack of tools allowing a precise character-
ization and staging of patients (3).

The decreased expression of human
leukocyte antigen-DR (HLA-DR) on
monocytes constitutes a reliable marker
of immunoparalysis (9, 10) and seems to
correlate with an increased risk of a fatal
outcome (11–13). Immune monitoring
by studying monocyte HLA-DR expres-
sion might therefore help to guide med-
ical decision making (12, 14). Hence, un-
derstanding the molecular basis of
immunoparalysis represents an impor-
tant challenge to establish causal thera-
pies and prevention strategies for this
clinical situation. The decreased expres-
sion of HLA-DR in monocytes observed in
the course of septic shock remains poorly
understood. The reendocytosis and intra-
cellular sequestration of major histocom-
patibility complex class (MHC) II mole-
cules was recently described in purified
monocytes (15). This phenomenon ap-
pears to be mainly mediated by interleu-
kin 10, which plays a major role in sep-
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Objective: The decreased expression of human leukocyte an-
tigen (HLA)-DR on monocytes is proposed as a major feature of
sepsis-induced immunodepression. The objective of the present
study was to investigate, in whole blood from septic shock
patients, the messenger RNA (mRNA) expression of a gene panel,
which is essential to ensure major histocompatibility complex
class II protein structure, transport, and peptide loading.

Design: The authors conducted a cohort study.
Setting: This study was conducted in intensive care units at a

university hospital.
Subjects: The study included septic shock patients (n � 41)

and healthy volunteers (n � 15).
Measurements and Main Results: Using quantitative reverse

transcriptase–polymerase chain reaction, we found that the
highly polymorphic HLA-DRB1 and nonpolymorphic-DRA mRNA
levels were significantly decreased in whole blood from patients
with septic shock compared with healthy volunteer both on days
1–3 and 4–10 after the onset of shock. This profile was also
observed for genes encoding the invariant chain, the transcription
factor class II transactivator (CIITA), and the enzymes involved in
the peptide loading cathepsin S, HLA-DMA, and -DMB. The mono-
cyte surface expression of HLA-DR measured by flow cytometry

was significantly correlated with the whole-blood mRNA levels of
HLA-DRB1 and -DRA and to a lesser extent with the other CIITA-
regulated genes HLA-DMA and invariant chain. The correlation
between HLA-DRB mRNA and cell-surface expression levels was
also observed in a small subset of purified monocyte samples.
Regarding the temporal relationship, a significant increase of
whole-blood HLA-DRA, -DMA, -DMB, invariant chain, and CIITA
mRNA level was observed in survivors (p � .001), whereas
expressions remained low in nonsurvivors.

Conclusions: A global transcriptional down regulation of a
gene panel required for MHC II-restricted antigen presentation
may occur in the course of septic shock. Our results suggest that
the transcriptional resumption of CIITA-regulated genes might
contribute to the recovery of membrane HLA-DR expression ob-
served in survivors. These results obtained at the mRNA level
support previous reports describing the loss of monocyte HLA-DR
at the protein level and thus confirm the potential of measuring
monocyte HLA-DR in septic patient followup. (Crit Care Med 2005;
33:31–38)

KEY WORDS: human leukocyte antigen-DR; sepsis; blood; mes-
senger RNA; reverse transcriptase–polymerase chain reaction;
class II transactivator
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sis-induced immunoparalysis (15). More-
over, in vitro studies have demonstrated
that the simultaneous interference of
multiple mechanisms is behind the re-
duction of MHC II expression in experi-
mental endotoxin tolerance (16). This
monocyte deactivation after an acute re-
sponse to lipopolysaccharide has been
proposed as a valuable model of postin-
flammatory immunodeficiency (10, 12).
Among the different mechanisms evoked,
a marked transcriptional down regulation
of the genes involved in the MHC II pro-
cess was observed, which may be related
to the reduced expression of the tran-
scription factor class II transactivator
(CIITA) (16).

The first requirement of HLA-DR ex-
pression on cells is the synthesis of the
nonpolymorphic � and highly polymor-
phic � chains. Then, the biosynthesis and
transport of MHC II involves various ac-
cessory molecules such as chaperon pro-
teins and enzymes. The genes encoding
these major components of the antigen
processing and presentation pathway are
tightly and coordinately regulated at the
level of transcription as illustrated by ex-
tensive research performed in patients
with bare lymphocyte syndrome, a hered-
itary immunodeficiency resulting from
the absence of MHC II expression (17).

The aim of our study was to investi-
gate the expression of MHC II genes in
septic shock by measuring in whole blood
the messenger RNA (mRNA) levels of a
gene panel, which is essential to ensure
MHC II protein structure, transport, and
peptide loading.

MATERIALS AND METHODS

Study Design. Forty-one consecutive pa-
tients with septic shock admitted to the sur-
gical or medical intensive care units of a uni-
versity hospital were enrolled in the study.
This prospective study was approved by the
local ethics committee, which waived the need
for informed consent. Septic shock was de-
fined according to the consensus conference
of the American College of Chest Physicians/
Society of Critical Care Medicine (18). Severity
was assessed using the Simplified Acute Phys-
iology Score (SAPS) II (19). Because it is es-
sentially the restoration after day 4 –5 of
HLA-DR expression on monocytes that was
found to have a good prognostic value (13, 20),
a first blood sample was collected early after
the onset of shock (�72 hrs) and, when pos-
sible, a second one later in the course of the
syndrome (�72 hrs). Mortality was defined as
death occurring within 28 days after the onset
of septic shock. Fifteen healthy volunteers
(mean age, 56 � 4 yrs; male:female ratio,

1:25), enrolled regularly during the study,
served as controls.

Flow Cytometry and DNA Extraction.
HLA-DR expression on monocytes was as-
sessed by using flow cytometry (EPICS XL;
Beckmann-Coulter) as previously described
(13). Genomic DNA was extracted from the
cell pellet using a standard phenolic extraction
protocol as previously described (21).

RNA Extraction from Purified Mono-
cytes and Whole-Blood Samples. For a
random subset of patients (n � 6) and
healthy donors (n � 3), monocytes were
studied from blood samples collected in
ethylenediaminetetraacetic acid tubes.
Monocytes were positively isolated (anti-
CD14 antibodies, isotype: mouse immu-
noglobulin-G2a, clone TUK4; Miltenyi
Biotec, Bergisch Gladbach, Germany)
from peripheral blood mononuclear cells
using a magnetic cell separation system
(MACS; Miltenyi Biotec) with a cell purity
higher than 90%. Total RNA was isolated
from the purified monocytes using
TRIzol Reagent (Invitrogen, Carlsbad,
CA) and treated with DNAse (Ambion,
Austin, TX).

The whole-blood mRNA expression
profile was studied using blood samples
collected directly in PAXgene blood RNA
tubes (PreAnalytix, Hilden, Germany).
Total RNA was extracted using the PAX-
gene Blood RNA kit (PreAnalytix). Before
RNA elution, the residual genomic DNA
was digested using the RNase-Free DNase
set (Qiagen, Hilden, Germany).

Total RNA was reverse transcribed
into complementary DNA (cDNA) using
the ThermoScript reverse transcriptase–
polymerase chain reaction system (In-
vitrogen) according to the manufactur-
er’s instructions. The mRNA expression
of genes required for MHC II-restricted
antigen presentation (HLA-DRA, -DRB,
-DMA, -DMB, invariant chain [Ii], cathep-
sin S) and CIITA was quantified using
q-reverse transcriptase–polymerase chain
reaction. PCR reactions were performed
in a LightCycler instrument using the
Fast-Start DNA Master SYBR Green I re-
al-time PCR kit according to the manu-
facturer’s instructions (Roche Molecular
Biochemicals, Basel, Switzerland). Ther-
mocycling was performed in a final vol-
ume of 20 �L containing 3 mM MgCl2
and 0.5 �M each of the required primers.
PCR was performed with an initial dena-
turation step of 10 mins at 95°C, followed
by 40 cycles of a touchdown PCR protocol
(10 secs at 95°C, 10 secs annealing at
68–58°C, and 16 secs extension at 72°C).

The cDNA calibrators were prepared

from purified PCR amplicons obtained
with the corresponding primers (Table
1). To control the PCR specificity, PCR
products were sequenced and matched to
the GeneBank database. Expression of the
housekeeping gene PPIB encoding for cy-
clophilin B was investigated using spe-
cific cDNA standards and ready-to-use
primer mixes obtained from Search-LC
(Heidelberg, Germany). The efficiency of
using PPIB mRNA levels as a reference
for target mRNA quantification in human
peripheral blood was previously studied
at our institute (25).

The Second Derivative Maximum
Method was used with the LightCycler
software to automatically determine the
crossing point for individual samples as
previously described (26). Serial dilutions
of each cDNA standard were prepared in
quadruplicate to generate standard
curves. Relative standard curves describ-
ing the PCR efficiency of selected genes
and PPIB were created and used to per-
form efficiency-corrected quantification
with the LightCycler Relative Quantifica-
tion Software (Roche Molecular Bio-
chemicals).

mRNA Quantification of HLA-DRB1
Alleles. To take into account the interin-
dividual allelic variation of HLA-DRB1,
specific primers (Table 1) were designed
according to the patient’s DRB1 genotype
(HLA-DR oligo-detection kit bioMérieux,
Marcy l’Etoile, France) (27) to perform
q-reverse transcriptase–polymerase chain
reaction. Forward DRB1 primers an-
nealed to the first hypervariable region of
exon 2. Reverse primer annealed to a con-
served region of DRB genes located be-
tween the second and third hypervariable
regions of exon 2. In each heterozygous
individual, both DRB1 alleles were tested.
The overall number of HLA-DRB1 mRNA
copies corresponding to both alleles was
normalized to the number of PPIB mRNA
copies.

Statistical Analysis. The comparison
between groups was performed with the
nonparametric Mann-Whitney U test. As
a result of the lack of serial data for the
healthy donors, the groups were com-
pared only once using the earliest mea-
surement for each septic patient, which
was obtained during the first 72 hrs after
the onset of septic shock.

The nonparametric Wilcoxon’s paired
test was used to assess time-related indi-
vidual variation of the parameters be-
tween the two observation periods.
Among the 41 patients enrolled in the
study, nine patients could not be in-

32 Crit Care Med 2005 Vol. 33, No. 1

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 04/12/2023



cluded in this analysis either because
they deceased or left the intensive care
unit before the second sample or because
the mRNA quantification was not suc-
cessful for the all-gene panel.

Correlation between parameters was
studied with the Spearman’s rank-
correlation test. We considered p � .05 to
be significant without correction of the
number of tests performed. Box and
whisker plots, with representation of the
median, 75th and 90th percentiles, and
outliers, were used for most of the
graphic representation.

RESULTS

Patients. The global mortality rate was
35%. Mean SAPS II admission score was
significantly increased in nonsurvivors
compared with survivors. None of the
other clinical and demographic charac-
teristics described in Table 2 displayed
significant differences between the two
groups.

Surface Expression of HLA-DR on
Monocytes. During the first observation
period (first 72 hrs after the onset of
septic shock), compared with healthy do-
nors (n � 15), the expression of HLA-DR
on monocytes was severely and signifi-
cantly reduced in septic shock patients (n
� 41) without overlap (p � .001). Pa-

tients who survived showed a higher per-
centage (Fig. 1) and mean fluorescence
intensities (data not shown) of HLA-DR-
positive monocytes than patients who did
not, both in the early (survivors: n � 27
vs. nonsurvivors: n � 14) and late (sur-
vivors: n � 24 vs. nonsurvivors: n � 10)
phases of septic shock. Comparing the
periods of days 1–3 and 4–10, a signifi-
cant increase of monocytic HLA-DR ex-
pression was observed in survivors (p �
.001, Wilcoxon’s paired test) but not in
nonsurvivors. Regarding the number of
circulating monocytes, no significant dif-
ferences were observed between survivors
and nonsurvivors both at the early and
late phase of the septic shock, and no
significant variations were observed over
time in each group (survivor days 1–3:
556 � 367; nonsurvivors days 1–3: 720 �
454; survivor days 4–10: 674 � 333; non-
survivors days 4–10: 881 � 495 mono-
cytes/�L).

HLA-DRB mRNA Level in Purified
Monocytes Is Highly Correlated with
Surface Expression. The expression of
HLA-DRB mRNA, including DRB1 alleles
and, for most HLA haplotypes, those of
the second DRB locus expressed (i.e.,
DRB3, DRB4, or DRB5), was measured
using DRB generic primers in purified
monocytes from six patients with septic

shock (three survivors and three nonsur-
vivors; median SAPS II score: 65; median
sampling time: day 6) and three healthy
volunteers. After monocyte purification, a
fraction of cells was also used to measure
the HLA-DR surface expression on mono-
cytes by flow cytometry. The HLA-DRB
mRNA expression in purified monocytes
was systematically lower in septic shock
patients than in healthy volunteers (Fig.
2). Moreover, HLA-DRB mRNA level was
correlated both with the percentage (r �
.9; p � .01) and the mean fluorescence
intensities (r � .87; p � .01) of HLA-DR-
positive monocytes.

HLA-DRB1 and -DRA mRNA Expres-
sion in Whole Blood. Based on the HLA-
DRB1 genotype determined in patients
and controls, DRB1 allele-specific mRNA
was quantified in whole-blood samples
obtained from a random subset of 11
healthy volunteers and the first 19 septic
shock patients (nine survivors and ten
nonsurvivors) enrolled prospectively in
the study. The overall DRB1 mRNA was
significantly decreased in septic shock pa-
tients compared with healthy volunteers
(p � .0001) (Fig. 3). When survivors and
nonsurvivors were compared, there was
no difference in the DRB1 mRNA level in
the early phase of septic shock (days 1–3).
However, when measured later in the

Table 1. Design of primers used for the messenger RNA quantification of transcription factor class II transactivator (CIITA) and genes required for major
histocompatibility complex II-restricted antigen presentation using real-time polymerase chain reaction

Gene Accession No. Sequence

HLA-DRA NM_019111 5�-GCCAACCTGGAAATCATGACA-3� (sense) (22)
5�-AGGGCTGTTCGTGAGCACA-3� (antisense) (22)

CIITA NM_000246 5�-CCTGCTGTTCGGGACCTAAA-3� (sense) (22)
5�-GGATCCGCACCAGTTTGG-3� (antisense) (22)

Invariant chain NM_004355 5�-GCAGAGGCGGTCTTCAACA-3� (sense) (15)
5�-GCACCAGGTCTCATGGGAT-3� (antisense)

Cathepsin S NM_004079 5�-CAATAAAGGCCCAGTGTCTGTTG-3� (sense) (15)
5�-GATGGTTCATAGTAGACACCACTTCTG-3� (antisense) (15)

HLA-DMA NM_006120 5�-CTGTGTGGCAAGAAGGTATGGGT-3� (sense) (23)
5�-CATTGGAGTAGGAGCTTCAGGGA-3� (antisense)

HLA-DMB NM_002118 5�-GGCATCTTTACAGAGCAGAGCAT-3� (sense) (23)
5�-ATGTGAAATCCTTTGGAGTCCCA-3� (antisense) (23)

HLA-DRB1*01 5�-GGCAGCTTAAGTTTGAATG-3� (sense) (24)
5�-AGGCCGCCCCAGCTCCGT-3� (antisense) (24)

HLA-DRB1*03, *08, *11, *12, *13, *14 5�-AGTACTCTACGTCTGAGTG-3� (sense) (24)
5�-AGGCCGCCCCAGCTCCGT-3� (antisense) (24)

HLA-DRB1*04 5�-AGCAGGTTAAACATGAGTG-3� (sense) (24)
5�-AGGCCGCCCCAGCTCCGT-3� (antisense) (24)

HLA-DRB1*07 5�-CTGTGGCAGGGTAAGTATA-3� (sense)
5�-AGGCCGCCCCAGCTCCGT-3� (antisense)

HLA-DRB1*08, *11, *12, *14 5�-AGTACTCTACGGGTGAGTG-3� (sense)
5�-AGGCCGCCCCAGCTCCGT-3� (antisense)

HLA-DRB1*15, *16 5�-CTAAGAGGGAGTGTCATTT-3� (sense)
5�-AGGCCGCCCCAGCTCCGT-3� (antisense)

HLA-DRB 5�-AGTACCGGGCGGTGACGGAG-3� (sense)
5�-TCGCCGCTGCACTGTGAAG-3� (antisense)

HLA, human leukocyte antigen.
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syndrome (days 4–10), the DRB1 mRNA
expression was significantly higher in
survivors (p � .02), suggesting an ongo-
ing recovery of the HLA-DRB transcrip-
tion activity.

Moreover, both in the early and late
phase of septic shock, we observed a ma-
jor and significant down regulation of
DRA mRNA expression in whole blood
compared with control values (p � .0001)
(Fig. 4A). During both observation peri-
ods, DRA mRNA expression was higher in
the survivor than in the nonsurvivor
group. The difference reached statistical
significance only at days 4–10.

Both HLA-DRA and DRB1 mRNA lev-
els measured in whole blood showed a
significant correlation with the percent-
age (HLA-DRA: r � .74, p � .0001; HLA-
DRB1: r � .72, p � .0001) or mean flu-
orescence intensities (data not shown) of

HLA-DR	 monocytes measured by means
of flow cytometry.

mRNA Expression of MHC-II Genes,
CIITA, and Cathepsin S in Whole Blood.
MHC II �/� heterodimers initially assem-
ble in the endoplasmic reticulum with Ii,
which acts as a chaperone to stabilize the
heterodimer and targets class II mole-
cules to late endosomal compartments
(29). In the present study, we found a
decreased expression of Ii mRNA in septic
shock (p � .0001), especially in nonsur-
vivors (Fig. 4B).

After reaching the endosomal com-
partment, Ii is partially released from the
complex, leaving a residual peptide
named class II invariant chain peptide.
The generation of class II invariant chain

peptide is mediated by cysteine endopep-
tidases and especially cathepsin S. In our
study, we found a reduced expression of
cathepsin S mRNA in the overall popula-
tion of septic shock compared with
healthy volunteers (p � .0001). In the
early phase of septic shock, the cathepsin
S mRNA level did not differ between pa-
tients who died and those who survived,
whereas it was significantly increased in
survivors in the late observation period
(days 4–10) (Fig. 4C).

The release of class II invariant chain
peptide and its replacement with anti-
genic peptides is catalyzed by HLA-DM
(29). Compared with control values, sep-
tic shock was characterized by a down

Figure 1. Percentage of human leukocyte antigen
(HLA)-DR-positive monocytes in peripheral
blood of survivor (S; n � 27), nonsurvivor (NS; �
14) septic shock patients and healthy volunteers
(n � 15) measured by flow cytometry. Septic
shock patients were analyzed during the first 72
hrs after the onset of shock and later between
days 4 and 10. **p � .01 vs. survivors, Mann-
Whitney U test.

Figure 2. Cell surface expression of human leu-
kocyte antigen (HLA)-DR measured by flow cy-
tometry (bars) and HLA-DRB messenger RNA
(mRNA) level measured by q-reverse transcripta-
se–polymerase chain reaction (line) in purified
monocytes from healthy volunteers (n � 3) and
patients with septic shock (n � 6). The HLA-DRB
mRNA level was normalized to that of the house-
keeping gene PPIB. The cell surface HLA-DR ex-
pression corresponds to the percentage of HLA-
DR	 monocytes.

Figure 3. Human leukocyte antigen (HLA)-DRB1
messenger RNA (mRNA) level in peripheral blood
of survivors (S; n � 9) and nonsurvivor (NS; n �
10) septic shock patients and healthy volunteers
(n � 11) measured by q-reverse transcriptase–
polymerase chain reaction. Primers were selected
according to the HLA-DRB1 genotype. Overall
HLA-DRB1 mRNA level, corresponding to both
alleles, was normalized to that of the housekeep-
ing gene PPIB. Septic shock patients were ana-
lyzed during the first 72 hrs after the onset of
shock and later between days 4 and 10. *p � .05
vs. survivors, Mann-Whitney U test.

Table 2. Demographic, clinical characteristics, microbiology, and type of infection

Survivors
n � 27 (%)

Nonsurvivors
n � 14 (%)

Total
n � 41 (%) p

Male 17 (63) 8 (57) 25 (61) .717
Female 10 (37) 6 (43) 16 (39)
Age, yrsa 63 (45–73) 68 (58–79) 65 (52–74) .141
Length of stay in the intensive care unit 11 (8–19) 8 (5–19) 10 (6–20) .230
SAPS II (19) at admissiona 45 (39–57) 66 (60–70) 51 (43–64) .0002
Microbiologically documented diagnosis 20 (74) 11 (79) 31 (76)

Bacilli Gram (
) 12 (44) 7 (50) 19 (46) .735
Cocci Gram (	) 12 (44) 8 (57) 20 (48) .440
Fungi 5 (19) 5 (35) 10 (27) .224

Type of infection
Community-acquired 10 (37) 6 (43) 16 (39) .717
Nosocomial (28) 17 (63) 8 (57) 25 (61)

Site of infection
Pulmonary 12 (44) 8 (57) 20 (49) .667
Abdominal 11 (41) 5 (36) 16 (39)
Others 4 (15) 1 (7) 5 (12)

SAPS, Simplified Acute Physiology Score.
aMedian (Q1–Q3).
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regulation of HLA-DM mRNA, especially
the HLA-DMA isoform (p � .001). The
expression of both isoforms was signifi-
cantly lower in nonsurvivor patients (Fig.
4, D and E).

The expression of Ii, HLA-DMA, -DMB,
-DRA, and DRB genes are known to be
coordinately regulated at the level of
transcription by a conserved set of fac-
tors, of which CIITA has a central role
(29). Here, we found a marked down reg-
ulation of CIITA mRNA expression in sep-
tic shock compared with control values (p
� .0001), especially in nonsurvivors (Fig.
4F).

The correlation analysis showed a sig-
nificant correlation between whole-blood
HLA-DRA, -DMA, Ii, and CIITA mRNA
levels (Table 3). Moreover, HLA-DMA and

Ii mRNA levels showed a trend toward a
correlation with the percentage (HLA-
DMA: r � .70, p � .0001; Ii: r � .65, p �
.001) or the mean fluorescence intensities
(data not shown) of HLA-DR	 monocytes
measured by means of flow cytometry.

Regarding the time-course analysis, a
significant increase in the whole-blood
DRA mRNA level was observed in survivors
(Wilcoxon’s paired test, p � .001), whereas
it remained low and stable in nonsurvivors
(Fig. 5). The same trends were observed for
HLA-DMA, -DMB, Ii, and CIITA but not for
cathepsin S (Table 4).

DISCUSSION

The regulation of genes required for
MHC II-restricted antigen presentation

plays a fundamental role in the adaptive
immune response, because the encoded
molecules direct the development, activa-
tion, and homeostasis of CD4	 T cells.
During sepsis-induced immunoparalysis,
the deregulated expression of monocytic
HLA-DR seems to mediate a sustained
depression of the antigen-presenting
cell’s functions (9, 10, 12). The magni-
tude of the immunoparalysis is believed
to have a major impact in the develop-
ment of secondary septic complications
and thus on the patient’s outcome (30,
31).

Previous studies have shown that low
HLA-DR expression on monocytes from
patients with sepsis may a predictive
value for a fatal outcome (11, 20, 32). It is
essentially the restoration after days 4–5
of HLA-DR expression on monocytes that
was found to have a good prognostic
value (13, 20). In accordance, we ob-
served a significant decreased monocytic
HLA-DR expression both in survivors and
nonsurvivors, with a significant recovery
in patients who survived between days
1–3 and 4–10. However, we observed an
increased HLA-DR expression in survi-
vors as compared with nonsurvivors even
at the early phase of the syndrome, which
is in contrast with the previously pub-
lished data. A monitoring study of a large
cohort of patients is required to clarify
this point.

Results obtained on purified mono-
cytes from septic shock patients showed
that the decreased expression of HLA-DR
could be mainly mediated by reendocyto-
sis and cellular sequestration of MHC II
molecules (15). In this study, Fumeaux
and Pugin observed only a slight, but not
significant, down regulation of HLA-DRA
mRNA production. In contrast, we found
a significant correlation between the cell-
surface expression of HLA-DR and the
overall expression of HLA-DRB mRNA in
purified monocytes, both in septic shock
patients and healthy volunteers. Al-
though our results were based on a small
number of samples collected in the late
phase of the syndrome, the coordinated
transcriptional regulation of both HLA-
DRA and -DRB chains (17) suggested that
we could expect results similar to those of
Fumeaux and Pugin (15). This discrep-
ancy might be explained both by clinical
and technical differences. Indeed, differ-
ent monocyte purification methods,
which could display different in vitro cell-
stimulation effects and thus have a differ-
ent impact on the transcriptional re-
sumption, were used. Moreover, although

Figure 4. Messenger RNA (mRNA) level of human leukocyte antigen (HLA)-DRA (A), invariant chain
(B), cathepsin S (C), HLA-DMA (D), -DMB (E), and class II transactivator (F) in peripheral blood of
survivor (S; n � 27) and nonsurvivor (NS; n � 14) septic shock patients and healthy volunteers (n �
15) measured by q-reverse transcriptase–polymerase chain reaction. The mRNA level was normalized
to that of the housekeeping gene PPIB. Septic shock patients were analyzed during the first 72 hrs after
the onset of shock and later between days 4 and 10. *p � .05 vs. survivors; **p � .01 vs. survivors,
Mann-Whitney U test.

35Crit Care Med 2005 Vol. 33, No. 1

D
ow

nloaded from
 http://journals.lw

w
.com

/ccm
journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 04/12/2023



the median age of patients was similar in
both studies, Fumeaux and Pugin (15)
measured mRNA levels in samples col-
lected earlier in the course of the syn-
drome. It is important to emphasize that
Wolk and co-workers (16) demonstrated
that multiple mechanisms, including a
high transcriptional regulation, are in-
volved in the reduction of HLA-DR ex-
pression in a model of lipopolysaccha-
ride-primed monocytes. Finally, during
the completion of this article, a study
describing the effect of cortisol on
HLA-DR down regulation reported, by us-
ing the same monocyte purification
method as us, a decreased expression of
HLA-DRA mRNA in a small cohort of nine

septic patients when compared with a set
of control patients (33).

To get rid of the potential in vitro
cell-stimulation effects of the monocyte
purification step, we decided to extend
our investigations using the PAXgene
Blood RNA system. This system provides
an efficient and standardized method for
whole-blood collection that prevents any
postsampling stimulation (34). It is im-
portant to emphasize that HLA-DR is not
only expressed by circulating monocytes,
which is an important limitation of using
PAXgene samples. Nevertheless, in agree-
ment with the results obtained on puri-
fied monocytes, HLA-DRB1 and -DRA
mRNA levels were decreased in whole

blood from septic shock patients and
showed significant correlation with the
monocyte membrane HLA-DR expres-
sion. Moreover, we could not take into
account the percentage of starting RNA
that came from each subpopulation,
which is clearly a second limitation of
using the PAXgene tubes.

The genes encoding the � and �
chains of all MHC II isotypes together
with the genes encoding the major com-
ponents of the antigen processing path-
way (invariant chain and HLA-DM) are
mainly regulated in a coordinated and
concerted fashion by a conserved group
of transcription factors (17, 29). This re-
quires the recruitment of the MHC-
specific transcriptional coactivator CIITA,
which is known as the master regulator
of MHC II genes (35, 36). In the present
study, whole-blood mRNA levels of HLA-
DRA, invariant chain, and HLA-DMA were
strongly correlated together giving sup-
port to a transcriptional coregulation of
these genes both in septic shock patients
and healthy volunteers. As already de-
scribed in multiple tissues, HLA-DRA,
-DMA, and invariant chain mRNA levels
were highly correlated with the CIITA
mRNA expression, illustrating CIITA as
the rate-limiting factor of MHC II gene
expression (37). Taken together, these
observations would suggest that the tran-
scriptional regulation of CIITA is involved
in the reduction of MHC II gene expres-
sion observed in the course of septic
shock and is implicated in the transcrip-
tional reinitialization observed in survi-
vor patients.

Cathepsin S contributes to late stages
of Ii degradation in antigen-presenting
cells and thus allows subsequent MHC II
peptide loading (38, 39). Cathepsin S
transcription does not depend on CIITA
regulation. In agreement, no correlation
was observed between the whole-blood
mRNA level of cathepsin S and CIITA or
other genes required for MHC II-re-
stricted antigen presentation. The down
regulation of cathepsin S mRNA level ob-
served in our cohort of septic shock pa-
tients and in lipopolysaccharide-primed

Figure 5. Time-related variation of human leukocyte antigen (HLA)-DRA messenger RNA (mRNA) level
in peripheral blood. The mRNA level was measured by q-reverse transcriptase–polymerase chain
reaction and normalized to that of the housekeeping gene PPIB. Individual values for survivors (n �
22) and nonsurvivors (n � 10) were taken into account when paired samples were available for the two
time periods studied: days 1–3 and 4–10.

Table 3. Spearman’s correlation coefficients between messenger RNA expression of genes required for
major histocompatibility complex II-restricted antigen presentation and the transcription factor class
II transactivator (CIITA) in peripheral blood

Invariant
Chain HLA-DMA HLA-DMB CIITA Cathepsin S

HLA-DRA 0.91a 0.91a 0.67a 0.80a 0.54a

Invariant chain NA 0.92a 0.64a 0.73a 0.44a

HLA-DMA 0.92a NA 0.64a 0.83a 0.46a

HLA-DMB 0.64a 0.64a NA 0.53a 0.37b

CIITA 0.73a 0.83a 0.53a NA 0.57a

Cathepsin S 0.44a 0.46a 0.37b 0.57a NA

HLA, human leukocyte antigen; NA, not applicable.
ap � .0001; bp � .001.

Table 4. Wilcoxon’s paired test comparing the progression of messenger RNA level for the transcription factor class II transactivator (CIITA) and genes
required for major histocompatibility complex II-restricted antigen presentation in septic shock patients between days 1–3 and 4–10

DRA CIITA
Cathepsin

S
Invariant

chain DMA DMB

Survivors (n � 22) p � .01 p � .01 p � .21 p � .01 p � .01 p � .01
Nonsurvivors (n � 10) p � .17 p � .066 p � .85 p � .14 p � .70 p � .44
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monocytes (16) is an illustration that CI-
ITA-independent transcriptional machin-
ery is deactivated during immunoparaly-
sis. The lack of significant time-course
progression between days 1–3 and 4–10
observed in our study suggests that the
transcriptional resumption of cathepsin S
has a secondary role in the MHC II recov-
ery observed in patients who survived.

The decreased expression of monocyte
membrane MHC II observed in septic
shock patients is at least partly mediated
by interleukin-10 (15). However, inter-
leukin-10-induced reduction of MHC II
seems to be solely the result of reendo-
cytosis and intracellular sequestration of
mature MHC II molecules with no effect
on MHC II transcription (15, 40). Trans-
forming growth factor-� 1, catechol-
amine, and prostaglandin E2 are other
major antiinflammatory mediators iden-
tified in critically ill patients. Transform-
ing growth factor-� 1 has been demon-
strated in vitro to down regulate MHC II
mRNA expression through the suppres-
sion of CIITA mRNA transcription (41,
42), whereas prostaglandin E2 suppresses
MHC II mRNA expression in macro-
phages (43). These observations, together
with our results, suggest that the down
regulation of genes required for MHC II-
restricted antigen presentation observed
in septic shock might be mediated by a
panel of antiinflammatory mediators that
remains to be described.

CONCLUSIONS

By analyzing whole blood as well as
isolated monocytes from septic shock pa-

tients, we described a global transcrip-
tional down regulation of a panel of genes
required for MHC II-restricted antigen
presentation. Although no direct conclu-
sion on the mechanism taking place in
the monocytes can be drawn from our
PAXgene whole-blood results, we showed
that the decreased surface expression of
HLA-DR on monocytes was associated
with the down regulation of HLA-DRA,
DRB, and, to a lesser extent, with HLA-
DMA and Ii mRNA levels in whole blood.
This might be the result of the inhibition
of various transcriptional mechanisms, of
which a shutdown of CIITA mRNA ex-
pression should be crucial. In our study,
although survivor and nonsurvivor pa-
tients were hardly distinguishable in the
early phase of the syndrome, the time-
related variation of whole-blood MHC II
mRNA levels was different according to
the outcome. The transcriptional re-
sumption of CIITA-regulated genes might
contribute to the recovery of membrane
HLA-DR expression observed in survivor
patients. These data obtained mainly
from PAXgene whole-blood samples have
now to be confirmed by other ap-
proaches. Defining the factors that regu-
late the transcription of MHC II genes
will greatly contribute to a better under-
standing of the immunoparalysis ob-
served in the course of sepsis.
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