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Abstract: Background and objectives: Acute kidney injury (AKI) is common in critically ill patients,
especially those with sepsis. Persistently low human leukocyte antigen (HLA)-DR expression in
monocytes reflects the decreased function of antigen-presenting cells, contributing to poor outcomes
in sepsis. This study aimed to establish an association between AKI and HLA-DR expression in
monocytes of patients with sepsis. Materials and Methods: We detected HLA-DR expression in
monocytes and measured plasma levels of S100A12, high-mobility group box 1 (HMGB1), advanced
glycation end products (AGE), and soluble receptor for AGE (sRAGE) from septic patients and
healthy controls. Results: HLA-DR expression in monocytes was decreased in patients with AKI than
in those without AKI (29.8 ± 5.0% vs. 53.1 ± 5.8%, p = 0.005). Compared with AKI patients, the
mean monocyte HLA-DR expression in patients with end-stage renal disease was increased without
statistical significance. There were no differences in the AGE/sRAGE ratio and plasma levels of
S100A12, HMGB1, AGE, and sRAGE between patients with and without AKI. Conclusions: Compared
with septic patients without AKI, patients with AKI had significantly lower HLA-DR expression
in monocytes. The role of hemodialysis in monocyte HLA-DR expression needs further studies
to explore.
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1. Introduction

Acute kidney injury (AKI) is a common clinical disease especially in critically ill patients.
AKI is also significantly associated with mortality, length of stay and healthcare costs [1].
The most common cause of AKI is sepsis [2,3]. The 3rd International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3) revised the definition of sepsis as a life-threatening
organ dysfunction caused by a dysregulated host response to infection [4]. Sepsis has several
characteristics including biochemical, pathological, and physiological abnormalities.

The human leukocyte antigen (HLA)-DR expression reflects the function of antigen-
presenting cells and monocytes. One of the factors contributing to poor outcomes in sepsis
is decreased monocyte function with low expression of HLA-DR [5–7]. In a study enrolling
patients in the intensive care unit (ICU), Day 1 HLA-DR expression in monocytes of patients
with AKI was similar to those without AKI [8]. However, this study enrolled less than 20%
of patients with sepsis. To the best of our knowledge, no study has reported the relationship
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between AKI and HLA-DR expression in monocytes of patients with sepsis. It is unclear
whether AKI is associated with decreased monocyte HLA-DR expression.

Recently, receptor for advanced glycation end products (RAGE) has been found to
participate in AKI in sepsis [9]. RAGE uses its three-dimensional structure to identify
different ligands. The possible ligands contain S100 proteins, advanced glycation end
products (AGE), and high-mobility group box 1 (HMGB1) [10]. The isoforms of soluble
RAGE play a role of decoy receptors and disturb the binding of membrane RAGE ligand.
Therefore, in circulation, it is bound by soluble RAGE (sRAGE). This action avoids the
combination of S100, HMGB1, or AGE with RAGE, resulting in further kidney injury.

It should be determined whether monocyte HLA-DR expression and plasma mediators
are associated with the development of AKI in patients with sepsis. Hence, the aim of this
prospective observational study aimed to determine the roles of HLA-DR expression and
plasma mediators in septic AKI patients by blood sampling.

2. Materials and Methods
2.1. Participants

Patients admitted to medical ICU in our hospital due to sepsis were enrolled between
August 2016 and July 2018. Twenty-seven healthy controls were enrolled to validate
the experimental findings and they were from our health evaluation center for health
examinations. Past medical histories and comorbidities were recorded. Adverse events
were noted within this ICU admission in the first three days.

All patients accepted standard managements according to the guidelines [11]. This
study was approved by Institutional Review Board at Chang Gung Memorial Hospital with
No.103-7093B and No.104-8013C. Informed consent forms were provided by the patients’
family members. The standard inclusion criteria were used for diagnosis of sepsis and
septic shock [4]. Patients younger than 18 years old, pregnant women, or patients with
human immunodeficiency virus infection, referral from other hospitals or ICU, and less
than 48 h between ICU admission and blood sample were excluded.

2.2. Definitions

A suspected/documented infection combined with a rapid increase of ≥2 points in
the sequential organ failure assessment (SOFA) score defined sepsis. Low blood pressure
that was not responsive to adequate resuscitation with fluid and needed vasopressors
to keep mean arterial blood pressure more than 65 mmHg is considered hypotension.
The definition of septic shock was a hypotension with serum level of lactate more than
18 mg/dL. Stages 1, 2, and 3 of Kidney Disease Improving Global Outcomes (KDIGO)
guidelines were used to define AKI [12]. A platelet counts less than 150,000/µL defined
thrombocytopenia, whereas total bilirubin more than 2 mg/dL defined jaundice. The Acute
Physiology and Chronic Health Evaluation (APACHE) II score [13] and SOFA score [4]
were assessed to evaluate disease severity. All adverse events were recorded within one
day after ICU admission. After ICU admission, patients who survived less than 28 days
were defined as non-survivors.

2.3. Preparation of Plasma and Peripheral Blood Mononuclear Cell (PBMC)

After ICU admission, 10 mL of whole blood was sampled from patients at 08:00–08:30 a.m.
within 48 h. For controls, whole blood was sampled at 08:00–08:30 a.m. The blood was
mixed with heparin to prevent blood clotting. In total, 2 mL blood was used for plasma
preparation. After receiving plasma, it was immediately stored at −80 ◦C.

Using Ficoll-Plaque (Amersham Biosciences, Uppsala, Sweden), PBMCs were isolated
from the residual 8 mL blood within 2 h of collection by way of differential centrifugation.

2.4. Plasma Cytokine Level Measurement

Plasma AGE levels were measured over human enzyme-linked immunosorbent as-
say (ELISA) kit (Cell Biolabs, Inc., San Diego, CA, USA). Plasma sRAGE and S100A12
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levels were measured over human ELISA kits (R&D Systems, Inc., Minneapolis, MN,
USA). Plasma HMGB1 levels were measured over human ELISA kit (MyBioSource, Inc.,
San Diego, CA, USA).

2.5. Detection of Monocyte HLA-DR Expression

A number of 5 × 105 cells of PBMCs were suspended in phosphate-buffered saline
(PBS) (50 µL) and incubated in the dark at room temperature for 15 min with 10 µL
antibodies of CD14APC-750, CD11bPC7, and HLA-DRFITC (Beckman Coulter, Brea, CA,
USA). Then, the cells were re-suspended in 500 µL PBS. An eight-color flow cytofluorimeter
(Beckman Coulter, Brea, CA, USA) was used to detect the HLA-DR expression in monocytes,
as described in our previous study protocol [14].

2.6. Statistical Analysis

The Statistical Package for the Social Sciences (SPSS) software V26.0 for Mac (IBM Inc.,
Armonk, NY, USA) was used for statistical analysis. The independent-samples t-test was
used to analyze differences in continuous variables between the two groups, whereas the
chi-square test or Fisher’s exact test was used to analyze differences in categorical variables.
Using general linear model, the association between HLA-DR expression in monocytes and
all variables was analyzed. Statistically significant variables were entered into a multiple
general linear model to evaluate their independent contribution to HLA-DR expression in
monocytes. A p <0.05 was set as statistical significance.

3. Results

Of the 44 septic patients enrolled, 19 did not have AKI, and 17 had AKI initially. Eight
patients had a history of end-stage renal disease (ESRD) and underwent regular hemodialy-
sis. Patients’ clinical characteristics are presented in Table 1. The serum creatinine level and
age of the controls was lower than that of septic patients. There were no differences in gen-
der, age, history, infection sources, adverse events, and body weight among patients with
no AKI, AKI, or ESRD. Compared with patients with AKI and ESRD, patients without AKI
had lower APACHE II and SOFA scores. The 28-day mortality and serum creatinine level
in patients with AKI and ESRD was higher than that in patients without AKI. Compared
with patients with ESRD, patients with and without AKI had higher urine output.

Table 1. Clinical characteristics in controls and patients with sepsis (number, mean ± standard
error mean).

No AKI
(n = 19)

AKI
(n = 17)

ESRD
(n = 8)

All Patients
(n = 44)

Controls
(n = 27)

Age (years) 76.3 ± 2.6 73.9 ± 2.5 77.0 ± 3.6 75.5 ± 1.6 60.3 ± 1.3 *
Male (%) 14 (73.7) 10 (58.8) 2 (25.0) 26 (59.1) 17 (63.0)

APACHE II score 18.0 ± 0.9 26.9 ± 1.0 † 27.8 ± 3.3 † 23.2 ± 1.1
SOFA score 8.5 ± 0.7 11.9 ± 0.9 † 12.3 ± 0.8 † 10.5 ± 0.6
History (%)

COPD 1 (5.3) 1 (5.9) 0 (0.0) 2 (4.5)
Heart failure 3 (15.8) 2 (11.8) 0 (0.0) 5 (11.4)
Hypertension 14 (73.7) 9 (52.9) 7 (87.5) 30 (68.2)

Diabetes mellitus 7 (36.8) 6 (35.3) 6 (75.0) 19 (43.2)
Old CVA 5 (26.3) 4 (23.5) 1 (12.5) 10 (22.7)

Liver cirrhosis 2 (10.5) 3 (17.6) 0 (0.0) 5 (11.4)
Active malignancy 1 (5.3) 1 (5.9) 0 (0.0) 2 (4.5)

Infection source
Pneumonia 13 (68.4) 13 (76.5) 3 (37.5) 29 (65.9)

UTI 3 (15.8) 0 (0.0) 2 (25.0) 5 (11.4)
Others 3 (15.8) 4 (23.5) 3 (37.5) 10 (22.7)

Adverse event
New arrhythmia 3 (15.8) 1 (5.9) 0 (0.0) 4 (9.1)
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Table 1. Cont.

No AKI
(n = 19)

AKI
(n = 17)

ESRD
(n = 8)

All Patients
(n = 44)

Controls
(n = 27)

GI bleeding 1 (5.3) 3 (17.6) 0 (0.0) 4 (9.1)
Shock 8 (42.1) 11 (64.7) 6 (75.0) 25 (56.8)

Thrombocytopenia 5 (26.3) 7 (41.2) 3 (37.5) 15 (34.1)
Jaundice 3 (15.8) 5 (29.4) 0 (0.0) 8 (18.2)

Bacteremia 3 (15.8) 2 (11.8) 2 (25.0) 7 (15.9)
Body weight, kg 62.5 ± 3.6 60.6 ± 3.7 52.0 ± 4.3 59.9 ± 2.3 65.5 ± 1.9

Serum creatinine, mg/dL 1.25 ± 0.18 3.32 ± 0.36 † 6.25 ± 1.31† 2.96 ± 0.39 0.88 ± 0.05 *
Urine output, mL/kg/h 0.97 ± 0.14 0.72 ± 0.17 0.05 ± 0.03 †,‡ 0.70 ± 0.10

28-day mortality 1 (5.3) 9 (52.9) † 4 (50.0) † 14 (31.8)

Abbreviations: AKI = acute kidney injury; ESRD = end-stage renal disease; APACHE = Acute Physiology
and Chronic Health Evaluation; SOFA = Sequential Organ Failure Assessment; COPD = chronic obstructive
pulmonary disease; CVA = cerebral vascular accident; UTI = urinary tract infection; GI = gastrointestinal. * p < 0.05,
comparison with patients using t-test. † p < 0.05, comparison with no AKI group using t-test or Fisher’s exact test.
‡ p < 0.05, comparison with AKI group using t-test.

3.1. HLA-DR Expression in Monocytes and Plasma AGE, sRAGE, HMGB1 and S100A12 Levels
in Controls and Septic Patients

HLA-DR expression in monocytes of septic patients was lower than that in the controls
(Figure 1). Compared with septic patients, the controls had lower plasma sRAGE and
S100A12 levels. The AGE/sRAGE ratio and plasma levels of HMBG1 and AGE were similar
between the controls and septic patients.

3.2. HLA-DR Expression in Monocytes and Plasma AGE, sRAGE, HMGB1 and S100A12 Levels
in Patients with No AKI, AKI, and ESRD

HLA-DR expression in monocytes was significantly lower in patients with AKI than
in those without AKI (Figure 2). HLA-DR expression in monocytes of patients with ESRD
was similar to that of patients with and without AKI. There were no differences in the
AGE/sRAGE ratio and plasma levels of S100A12, sRAGE, and AGE among patients with
and without AKI and those with ESRD. Plasma HMGB1 level was significantly lower in
patients with ESRD than in those with AKI. Plasma HMGB1 level in patients without AKI
was similar to that of patients with AKI and ESRD.

3.3. Effect of AKI on HLA-DR Expression in Monocytes

According to the univariate analyses, 28-day mortality and the presence of AKI and
GI bleeding were associated with HLA-DR expression in monocytes (Table 2). Multiple
general linear model analysis found that AKI (odds ratio, −18.425; 95% confidence interval,
−35.278 to −1.573) was still negatively independently associated with HLA-DR expression
in monocytes.

Table 2. General linear model to analyze the independent factors for HLA-DR expression in mono-
cytes of septic patients.

Variables Univariable B (95% CI) p Value Multivariable B (95% CI) p Value

28-day mortality −17.018 (−32.141 to −1.894) 0.028 −5.689 (−22.953 to 11.575) 0.509
AKI −23.289 (−38.329 to −8.248) 0.003 −18.425 (−35.278 to −1.573) 0.033

ESRD −9.862 (−28.850 to 9.126) 0.300 −8.231 (−28.692 to 12.229) 0.421
GI bleeding −25.795 (−50.484 to −1.106) 0.041 −17.369 (−42.396 to 7.658) 0.168

Abbreviations: HLA = human leukocyte antigen; CI = confidence interval; AKI = acute kidney injury; ESRD = end-
stage renal disease; GI = gastrointestinal.
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Figure 1. Scatterplots showing the levels of monocyte HLA-DR expression, plasma AGE, plasma
sRAGE, AGE/sRAGE ratio, plasma HMGB1, and plasma S100A12 between controls and patients
with sepsis. Error bar represents mean and standard error mean. HLA = human leukocyte antigen;
AGE = advanced glycation end products; sRAGE = soluble receptor for AGE; HMGB1 = high-mobility
group box 1.
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Figure 2. Scatterplots showing the levels of monocyte HLA-DR expression, plasma AGE, plasma 
sRAGE, AGE/sRAGE ratio, plasma HMGB1, and plasma S100A12 among septic patients with and 
without AKI and those with ESRD. Error bar represents mean and standard error mean. HLA = 
human leukocyte antigen; AGE = advanced glycation end products; sRAGE = soluble receptor for 
AGE; HMGB1 = high-mobility group box 1; AKI = acute kidney injury; ESRD = end stage renal dis-
ease. 

3.3. Effect of AKI on HLA-DR Expression in Monocytes 
According to the univariate analyses, 28-day mortality and the presence of AKI and 
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Figure 2. Scatterplots showing the levels of monocyte HLA-DR expression, plasma AGE, plasma
sRAGE, AGE/sRAGE ratio, plasma HMGB1, and plasma S100A12 among septic patients with and
without AKI and those with ESRD. Error bar represents mean and standard error mean. HLA = human
leukocyte antigen; AGE = advanced glycation end products; sRAGE = soluble receptor for AGE;
HMGB1 = high-mobility group box 1; AKI = acute kidney injury; ESRD = end stage renal disease.

4. Discussion

We first demonstrated that HLA-DR expression in monocytes of septic patients with
AKI was lower than in those without AKI. HLA-DR expression in monocytes was similar
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between patients with ESRD and no AKI. This suggests that certain unknown mediators that
decrease HLA-DR expression in monocytes might be partially eliminated by hemodialysis.
The sequential measurement of HLA-DR expression in monocytes has gained much interest
over the past 20 years to identify immune alterations in critically ill patients [15]. No
recovery from serial circulating monocyte HLA-DR expression has been associated with
the high mortality in patients with sepsis [6,16]. It is reasonable to hypothesize that patients
with sepsis and no improvement in renal function from AKI would be persistently with low
expression of monocyte HLA-DR, which might result in immune depression and increased
risk of mortality.

The exact mechanism between AKI and decreased monocyte HLA-DR expression re-
mains unclear. One of the pathogeneses of sepsis-induced AKI is oxidative stress, which was
induced by systemic and intrarenal generation of reactive oxygen species [17]. Oxidative
stress can directly exert renal parenchymal damage and may intensify renal microvascular
and functional dysregulation. Since patients with sepsis and AKI had higher oxidative
stress and lower monocyte HLA-DR expression than healthy subjects [18], high oxidative
stress might be one of the possible mechanisms resulting in decreased monocyte HLA-DR
expression in patients with sepsis and AKI.

In this study, plasma levels of AGE, sRAGE and AGE to sRAGE ratio were simi-
lar between septic patients with and without AKI. In contrast to the study by Helena
et al., plasma sRAGE levels were higher in septic patients with AKI than in those with-
out AKI [19]. Recently, Taro et al. found that the addition of recombinant sRAGE can-
celed hypoxia-induced inflammation and promoted cell viability in cultured murine tubu-
lar epithelial cells [20]. sRAGE administration might prevent renal tubular damage in
ischemia/reperfusion-induced AKI models. After searching the PubMed database, no
study reported the difference in the ratio of AGE to sRAGE between septic patients with
and without AKI. However, serum AGE to sRAGE ratio levels were 313% higher in patients
with ESRD than in control subjects [21]. The roles of sRAGE and the AGE to sRAGE ratio
in AKI in septic patients require further studies.

In a cross-sectional study enrolling patients without sepsis, serum S100A12 and
HMGB1 levels were elevated in patients with AKI compared to those in patients on
hemodialysis [22]. Within 7 days of cardiac surgery, patients who developed AKI had higher
plasma S100A12 levels [23]. In our study, there was no difference in plasma S100A12 levels
among septic patients with and without AKI and those with ESRD. More studies are needed
to clarify the role of S100A12 in sepsis-induced AKI. HMGB1 is a damage-associated molec-
ular pattern (DAMP), which is a group of immunostimulatory molecules that participate in
the inflammatory response after tissue injury [24]. Sepsis induces renal tubular necrosis
with the release of DAMPs, leading to AKI. However, the relative contribution of different
DAMPs to renal dysfunction remains unclear. Studies have found that silent information
regulator 2-related enzyme 1 and glutamine could ameliorate sepsis-induced AKI by influ-
encing HMGB1 deacetylation or downregulating the HMBG1-mediated pathway [25,26].
In this study, the association between high plasma HMGB1 levels and AKI development
was not identified. These results suggest that HMGB1 has a lower contribution to AKI in
patients with sepsis.

Our study has a major limitation. We enrolled a relatively small number of patients
with sepsis. This resulted in a patient number lower than 10 in the ESRD group, which
might result in no statistical difference in monocyte HLA-RD expression and plasma levels
of AGE, sRAGE, AGE to sRAGE ratio, and HMBG1 between patients with AKI and ESRD.
Furthermore, there are three AKI stages in the KDIGO clinical practice guidelines. In this
study, the number of patients was too small to divide into three AKI groups based on three
AKI stages in the KDIGO clinical practice guidelines. It is possible that monocyte HLA-DR
expression was different among the three AKI stages and lowest in septic patients with
AKI stage 3. A large-scale study is required to confirm this.
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5. Conclusions

Compared with septic patients without AKI, patients with AKI had significantly lower
monocyte HLA-DR expression. Compared with the AKI group, the mean monocyte HLA-
DR expression in the ESRD group was increased, even without statistical significance. The
role of hemodialysis in monocyte HLA-DR expression needs further studies to explore.
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