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Continuous hemodiafiltration therapy reduces damage
of multi-organs by ameliorating of HMGB1/TLR4/
NFKB in a dog sepsis model
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Abstract: In the present study, we investigated whether CVVH can reduce HMGBZ1, TLR4, NF-kB and other serum
cytokine levels, preventing organ injury in a dog sepsis model. A total of 10 dogs were injected with LPS and treated
with either CVVH group (n = 5) or nothing (Control, n = 5) for 24 h. EILSA was used for examining the concentration
of TNF-a, IL-6, HMGB 1 and TLR4. The histological change of lung, liver and kidney tissues was determined. The
mRNA expression of HMGB1, TLR4 and NF-kB was examined by RT-PCR. The protein of HMGB1 and phosphated
NF-kB was examined by Western-blot. The levels of serum HMGB1 came to the peak at 8 h, 16 h and then declined.
The LPS-induced increase in HMGB1 level was suppressed by CVVH compared with Control. Likewise, serum TNF-o
and IL-6 levels decreased with CVVH along with a significant improvement in the function of main organs. Histologic
examination revealed significant reduction in inflammation in lung; liver and kidney tissues harvested 24 h after
CVVH compared with Control. The mRNA of HMGB1, TLR4 and NF-kB in the kidney was expressed at high level after
LPS administration, which was significantly decreased by CVVH. The increased protein expression of HMGB1 and
phosphated NF-kB was reduced after CVWH compared with control. CVVH by reducing the level of HMGB1, TLR4,
NF-kB and other cytokines could weaken the cascade of cytokines and restore the immune system, and reduce the
damage of important organs in sepsis.
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Introduction products (RAGE) [2]. The uncontrolled release
of cytokines such as tumor necrosis factor-
alpha (TNF-«), interleukin-6 (IL.-6), and IL-10
which can be enhanced by TLR4 and its related
pathway, such as NF-kB pathway play a major
role in the development of organ dysfunction
during sepsis. Importantly, NF-kB acts as a tran-
scription factor that mediates the cellular
responses to a wide variety of extracellular
stress stimuli [3]. It also triggers the upregula-
tion of cytokines such as TNF-a and IL-6 to initi-
ate the inflammatory responses and process of
apoptosis.

Sepsis-related mortality is a leading cause of
death and is increasing worldwide. Systemic
inflammatory response is the most frequent
pathological picture of sepsis and leads to fatal
multiple organ failure. Studies have confirmed
the occurrence of sepsis is not necessarily
dependent on the continued existence of bac-
teria and bacterial toxins but uncontrolled
release of inflammatory mediators and immune
dysfunction.

Recently, HMGB1, a DNA-binding protein, has

been recognized as a late inflammatory cyto-
kine during sepsis that is actively released by
monocytes and macrophages [1]. HMGB1 is
released into the cytoplasm and promotes
infammation by integrating the activities of
members of the toll-like receptor (TLR) family
and the receptor for advanced glycation end

Antibodies against HMGB1 showed significant
protection against endotoxin-induced lethality
through decreasing the level of the early proin-
flammatory cytokine in mice [4]. Subsequently,
patients with sepsis have elevated serum levels
of HMGB1, and higher levels, in some studies
are associated with an increased mortality,
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Table 1. The primers used for RT PCR

Gene Primer sequence (5'—3’)

NF-«kB Forward ATGGCAGACGATGATCCCTAC
Reverse CGGATCGAAATCCCCTCTGTT

TLR4 Forward GCCTTTCAGGGAATTAAGCTCC
Reverse GATCAACCGATGGACGTGTAAA

HMGB1  Forward GCATCCTGGCTTATCCATTGG
Reverse GGCTGCTTGTCATCTGCTG

suggesting that clinical intervention by blocking
or decreasing HMGB1 might be a viable treat-
ment option [5, 6]. The reduction of HMGB1/
TLR4/NF-kB-mediated inflammatory response
has been demonstrated as neuroprotective
effect against acute brain injury [7].

To our knowledge, HMGB1/TLR4/NF-kB has
not been studied in sepsis animal models treat-
ed by CVVH. The aim of our study was to evalu-
ate the effects of continuous hemodiafiltration
therapy on lung/liver/kidney injury in a lipopoly-
saccharide (LPS)-induced systemic inflamma-
tory dog model. We hypothesized that continu-
ous hemodiafiltration therapy can reduce
HMGB1/TLR4/NF-kB levels, thus prevent those
organs’ injury.

Materials and methods
Establishment of model with MODS and ARF

Healthy hybridization Beagle dogs (n = 10),
weighing 14 to 19 kg, were bought from the
Xingang group in Shanghai Animal Institute
(Animal Production License No: SCXK (Shang-
hai) 2007-0009). This study was carried out in
strict accordance with the recommendations in
the Guide for the Care and Use of Laboratory
Animals of the National Institutes of Health.
The animal use protocol has been reviewed
and approved by the Institutional Animal Care
and Use Committee (IACUC) of Shandong
Provincial hospital. All dogs were put on fasting
regimen and acclimated to the experimental
circumstance for 17 to 20 hours. The animals
received 3% pentobarbital sodium for anesthe-
sia. The animals were prepared for study using
a protocol previously reported in detail [8]. The
right femoral vein was separated and a double-
lumen catheter was inserted. Septic shock was
induced by instillation of 1.0 mgkg? of LPS by
intravenous injection. All dogs received identi-
cal volume resuscitation protocols, and neither
vasopressor nor inotropic agents.
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Immediately after LPS administration, the dogs
were divided into two groups randomly: the
CVVH group (n = 5), which received treatment
with CVVH; and the control group (n = 5), which
did not receive any blood purification treat-
ment.

The CVVH group had extracorporeal circulation
established through the femoral vein double-
lumen catheter. All access lines were secured,
and the dialysis lines were connected to a con-
tinuous venvein hemofiltration (CVVH) machine
(Asahi Kasei, Gambro Lundia AB, Sundsvall,
Sweden) with an AV400 hollow-fiber dialyzer
(Fresenius, Walnut Creek, CA). Extracorporeal
blood flow was regulated at 80 ml/min.
Anticoagulation was performed by heparin. The
first dose was 2 mg, and 1 mg/h was used in
the subsequent time. Net ultrafiltrate volume
was monitored, and replacement solution was
infused by predilution on a 1:1 volume replace-
ment basis. The ingredients of the replacement
solution were Na 135 mmol/L, K 2.0 mmol/L,
Cl 108 mmol/L, Ca 1.75 mmol/L, Mg 0.75
mmol/L, HCO, 35.4 mmol/L, glucose 1.5 g/L.
The osmotic pressure of the solution was
290.00 mOsm/L. No antibiotics were applied in
any groups.

Indices of observation were 1) Vital signs: tem-
perature, heart rate, respiratory rate, and mean
artery pressure (MAP) were recorded every 15
minutes. 2) Measurement of organ function:
blood biochemical markers, including electro-
lytes, urea nitrogen (BUN), creatinine (Cr), ala-
nine aminotransferase (ALT), aspartate amino-
transferase (AST), white blood cell were exam-
ined at Oh, 2 h, 4 h, 8 h, 16 h, 24 h. Arterial
blood gas was tested at O hours and 24 hours.
3) Cytokine assay: Serum samples were gath-
ered at the same time point as above and
stored in -80°C for later cytokines assay.

Dogs were sacrificed under pentobarbitone
anesthesia at 24 h after LPS administration.
Lung, livers and kidneys were quickly removed
and stored for further analysis.

Histopathology

All the tissues were stained with hematoxylin
and eosin. A pathologist blinded to each treat-
ment protocol utilized the technique of
Murakami et al to evaluate lung injury [9].
Briefly, 24 areas of lung parenchyma were grad-
ed on a scale of 0 to 4 for the degree of conges-
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Table 2. Serum levels of AST, ALT, SCr, BUN and WBC (X +s)

Group/n Time AST (U/L) ALT (U/L) SCr (umol/L) BUN (mmol/L) WBC (x 10°%/L)
Control (n=5) Oh 26.00 + 6.60 21.33 £5.92 55.74 + 14.34 5.21 +0.98 5.58 + 1.85
2h 76.00 + 17.75 62.67 + 12.56 68.11 £ 9.63 8.45 £ 2.00 11.07 £+ 1.72
4h 217.33+42.26 147.33+36.02 10452+ 13.07 13.44+2.01 16.78+2.27
8h 414.00+£36.19 278.50+50.82 215.46+28.75 1759+1.48 25.32+3.87
16 h 653.17 +88.25 494.33+49.18 304.96+41.07 2230+2.73 28.66+1.42
24h b525.67+76.57 57767 +£52.55 438.75+50.06 2713+3.09 26.91+2.03
CVVH (n =5) Oh 32.17 £+ 6.62 24.00 + 8.10 53.48 + 10.56 4,94 + 1.36 5.36 + 1.37
2h 67.67 £ 12.08 68.00 + 16.49 66.79 + 10.29 7.86+1.61 9.50 + 1.39
4h 185.00 +34.96 127.50 +22.06 86.77 + 8.46" 10.26 £+2.18" 16.12+1.49
8h 333.5+25.91° 232.50+45.52" 168.02 + 17.69" 12.74 +3.19" 19.22 +2.20"
16 h 446.33 £48.13" 380.50 £ 47.35" 189.02 + 26.97" 14.97 £2.05° 20.84 + 3.03"
24 h 375.50 + 32.97° 444.83 + 47.39" 230.76 + 20.37° 16.81 +2.20" 19.65 + 2.03"
“P < 0.05, compared with Control group.
ructions. Equal quanti-

Table 3. The change of arterial blood gas (X + s)

ties of cDNA were contin-

Pa0, (mmHg) PaCO, (mmHg)

uously amplified by PCR

Group

Oh 24 h Oh 24 h

in a 10L reaction volume.

Control (n=5) 96.70 + 1.89 43.70 + 4.314
CVVH (n = 5)

30.09 +£2.37 66.01+4.274
95.96 + 1.94 55.70 + 6.294" 32.23 +2.96 56.78 + 2.894"

The primers used for RT
PCR (Table 1). PCR ampli-

“P < 0.05, compared with Control group at 24 h; 4P < 0.05 compared with the same group

at O h.

tion, edema, inflammation, and hemorrhage (O,
no abnormalities, normal tissue; 1, light; 2,
moderate; 3, strong; 4, intense). Results were
expressed as the mean score for each param-
eter. Likewise, a pathologist blinded to each
treatment evaluated the extent of liver injury
according to the technique of Heijnen et al [10].
Briefly, liver injury was reported as the sum of
the individual scores for cytoplasmic color fad-
ing, vacuolization, nuclear condensation, nucle-
ar fragmentation, nuclear fading, and erythro-
cyte stasis (0, no findings; 1, mild; 2, moderate;
3, severe). 20 visions were selected in each
slice of renal external medulla; renal damage
was assessed as tubular necrosis, atrophy,
dilation, brush border loss, tubular formation,
inflammatory cell infiltration and cell swollen. A
pathologist blinded to each treatment protocol
utilized the technique of Rabb et al to evaluate
renal injury (0, normal; 1, minor; 2, mild; 3,
moderate; 4, severe) [11].

RT-PCR

Total RNA was isolated from the collected liver
tissues using TRIzol Reagent (Takara Japan,
Shiga, Japan). The RNA was reverse transcribed
into cDNA according to the manufacturer’s inst-
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fication was performed
for 35 cycles of 30 sec-
onds at 94°C, 50 sec-
onds at 55°C, and 50
seconds at 72°C, followed by a final step of 7
minutes at 72°C. PCR products were detected
by agarose gel electrophoresis in 2% NuSieve
agarose gels and visualized by ethidium bro-
mide staining. The intensity of the bands was
quantified using Imagel) software, and the
ratios of each gene product normalized to
B-actin product were considered as the expres-
sion of each gene

ELISA

The concentration of IL-6, HMGB1 and TNF-a
were detected by enzyme-linked immunosor-
bent assay (ELISA), following the protocol of the
specific kits (Biosource Co., Camarillo, CA, and
R&D Systems Co., Minneapolis, MN). Serum
levels of TLR4 were determined by ELISA
according to the instructions provided with the
kits (Beijing Jingmei Co, Beijing, China).

Western blotting

Proteins were extracted from kidney stored at
-80°C for western blotting analysis. The pro-
teins were then incubated in boiling water for
10 min, separated by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PA-
GE), transferred to a Polyvinylidene Fluoride
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Figure 1. The level of Serum cytokines at O h, 2 h, 4 h, 8 h, 16 h, 24 h. The levels of HMGB1 and TLR4 of control
group and CVVH group came to the peak at 8 h and 16 h and then declined (C, D). The LPS-induced increase
in HMGB1 and TLR4 levels was suppressed in the CVVH group compared with the Control group. Likewise, LPS-
induced serum TNF-a and IL-6 levels decreased with continuous hemodiafiltration (A, B).

Membrane (PVDF membrane), blocked with 5%
milk for 1 h, and incubated overnight with anti-
HMGB1 (Abcam, Cambridge, MA) and NF-«kB
antibodies (Abcam, Cambridge, MA) at 4°C.
After the samples were incubated with a sec-
ondary antibody for 30 min at 37°C, the signal
was detected with the Odyssey Two-Color
Infrared Laser Imaging System.

Statistical analyses

All data are expressed as mean + standard
deviation. All analyses were performed by
SPSS17.0 for Windows software. A value of P <
0.05 was considered statistically significant. All
cytokines and vital sign data were analyzed by
repeated measures ANOVA.

Results
General and indictors of major organs

After 2 h injection of LPS all dogs appeared to
be chilling. At 4 h diffuse dry rales could be
heard in the lungs. All the dogs pulled large yel-
low watery pus stool.
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At 4 h the serum levels of SCr, BUN were signifi-
cantly increased in the all dogs. But in the CVVH
group kidney function was improved. The
increasing levels of AST, ALT, WBC were signifi-
cantly decreased by CVVH (P < 0.05) (Table 2).

Serum levels of AST, ALT, SCr, BUN and WBC
induced by lipopolysaccharide (LPS) were
reduced by CVVH. P < 0.05 compared with
Control group.

After 24 h injection of LPS respiratory failure
was showed in the two groups; arterial oxygen
pressure in the treatment group by CVVH was
significantly higher than that of control group;
CVVH showed to reduce the high carbon diox-
ide pressure which induced by LPS, the differ-
ence was statistically significant (P < 0.05)
(Table 3).

Change of serum cytokines
Two hours after LPS treatment, serum TNF-«

level was increased in the control group, and
significantly reduced by CVVH. Likewise, serum

Int J Clin Exp Pathol 2015;8(2):1555-1564
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Figure 2. Lung, liver and kidney histology after LPS-induced systemic inflammation. Rats were no treated with CVVH
(Control group), LPS followed by CVVH (CVVH group). Representative liver sections are shown for (A) Control, (B)
CVVH group. Representative lung specimens are shown for (C) Control group, (D) CVVH group. Representative kidney
specimens are shown for (E) Control group, (F) CVVH group. All sections were stained with hematoxylin and eosin,
and magnified at 200.

Table 4. The level of cytokines in supernatant of liver, lung, renal

Tissue Group TNF- (pg/ml) IL-6 (pg/ml) HMGB1 (ng/ml) TLR4 (ng/ml)
liver control 567.9 + 91.15 753.74 + 131.31 59.82 + 8.27 9.82 + 1.27
CVVH 355.79 + 71.21" 44711 + 87.81" 48.68 + 4.564 5.68 + 1.464
lung control 498.7 £ 79.68 610.3 £ 84.98 63.09 £ 5.02 8.09 + 1.02
CVVH 345.6 + 50.38" 413.86 + 89.02" 47.81 + 5.57" 4,81+ 117"
kidney control 345.79 + 47.17 480.38 £ 52.50 38.59 £ 3.06 8.59 + 1.06
CVVH 284.95 + 21.984 380.89 + 32.29" 34.05 + 3.444 4,05 + 1.144

4P < 0.05, "P < 0.01, compared with control group.

IL-6 was induced at 4 h after LPS administra-
tion in the control group. However, CVVH
reduced IL-6 levels. Both of them increased to
the first peak, and then decreased to the bot-
tom which also significantly was higher than
that of control group at 8 hours. At 16 hours
Serum TNF-at and IL-6 increased to the second
peak (Figure 1A, 1B).

Furthermore, the LPS-induced increase in
HMGB1 levels was suppressed in the CVVH
group compared with the control group (Figure
1C). The time point of HMGB1 peak was delayed
from 8th to 16th hour by CVVH.

Results also showed that the expression of
TLR4 was only significantly increased in control
group. However, CVVH treatment resulted in
the downregulation of TLR4 (Figure 1D).
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Pathological changes of liver, lung, renal

Under light microscopy, liver morphology was
observed in the Control group whereas marked
interstitial bleeding and inflammatory cell infil-
tration were detected in liver tissue (Figure 2A,
2B). Interstitial bleeding and inflammatory cell
infiltration were slightly reduced in the CVVH

group.

Similarly, it showed alveolar rupture, shrinking,
atrophy, substantial interstitial edema and
inflammatory cell infiltration, interstitial and
alveolar hyperemia, edema surrounding capil-
laries in the control group. Lung histology sig-
nificantly was improved in the CVVH group com-
pared with the control group (Figure 2C, 2D).

Inthe control group kidney glomerular appeared
to be generally normal, tubular epithelial cell

Int J Clin Exp Pathol 2015;8(2):1555-1564
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showed to be swelling, fatty degeneration and
vacuolar degeneration, varied degrees of
necrosis of renal tubular epithelial cells.
Necrotic tubular epithelial cells shed into the
lumen, and vague granular structure was
showed. Interstitial edema and inflammatory
cell infiltration was seen surrounding of distal
tubule and collecting duct tubules. Under light
microscopy in the CVVH group it showed that
mild swelling, degeneration and necrosis of
renal tubular epithelial cells, interstitial edema
and inflammatory cell infiltration were improved
(Figure 2E, 2F).

The CVVH group exhibited lower injury scores
compared with the control group (P < 0.05).
Liver and kidney histology scores showed a
similar pattern (P < 0.05).

Change of cytokines in the supernatant of
liver, lung, renal

We found that the expression of TLR4 in the
supernatant of liver was significantly increased
by LPS administration, and which was
decreased by CVVH (P < 0.05). Compared with
control HMGB1 also was downregulated by
treatment of CVVH (P < 0.05). At same time
CVVH showed to decrease the level of TNF-a
and IL-6 (P < 0.05) (Table 4). Lung and kidney
showed a similar pattern in those cytokines (P
< 0.05) (Table 4).

Expression of HMIGB1/TLR4/NF-kB in kidney

The mRNA levels of HMGB1, TLR4 and NF-kB
were expressed at high levels in the dog kidney
after LPS administration. But compared with
the control group the mRNA levels of HMGB1,
TLR4 and NF-kB were significantly decreased
after CVVH treatment (P < 0.05) (Figure 3).

Because it was difficult to buy the antibody of
TLR4 for dog, we only examined the protein
expression of HMGB1 and phosphorylated
NF-kB in kiney. The westen blot showed high
levels of HMGB1 and phosphorylated NF-kB
protein in the control group. But the protein lev-
els of HMGB1 and phosphorylated NF-kB were
significantly decreased in the kidney following
24 CVVH treatment compared with control
group (P < 0.05) (Figure 4).

Discussion

In the present study, we demonstrated that
CVVH exerts beneficial effects in a dog sepsis
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model. By treatment of CVVH, the increased
inflammatory cytokines such as HMGB1, TLR4,
NF-kB, other cytokines were well decreased,
which result in the well improvement of dam-
aged organs (liver, lung, kidney).

First, early after stimulation of LPS inflamma-
tory cytokines (TNF-«, IL-6) increased, which
stimulate monocytes and macrophages to
secrete other inflammatory mediators such as
IL-1, IL-8 and so on [12, 13]. Interaction of
increased inflammatory mediators lead B cell
differentiation and produce antibodies, and
promote tissue cell protein synthesis of acute
phase response.

Elevated inflammatory mediators and damaged
cells stimulate the release of nuclear HMGB1
to the extracellular, further mediates the occur-
rence of sepsis and the development of organ
and tissue damage [14, 15]. Some studies sug-
gest that HMGB1 serves as a late mediator of
lethality in sepsis [16, 17]. As an intracellular
protein HMGB1can translocate to the nucleus
where it binds DNA and regulates gene expres-
sion. Importantly, HMGB1 induces migration of
stem cells toward inflamed regions to promote
repair and regeneration [18]. Furthermore, it
results in increased mesangioblast and endo-
thelial proliferation and migration to sites of
inflammation and induces transit of these cells
across the endothelial layer [19, 20].

Sunden-Cullberg et al noted that HMGBL1 levels
were significantly higher in sepsis patients
compared with healthy controls [5]. The
increased level of HMGBL1 likely reflects a sys-
temic inflammatory response syndrome (SIRS)
in patients following post-injury events [21, 22].

In our study, we found the systemic serum and
local kidney expression of HMGB1 was
increased after LPS stimulation in a dog sepsis
models. We also found that LPS-induced
increasing of HMGB1 as a late metabolism of
inflammatory cytokines in no treatment group
reached the peak at 8 h, which was significantly
later than that of TNF-a and IL-6. TNF-«, IL-6
levels decreased to the lowest value at 8 h, and
then increased to a second peak at 16 h. The
phenomenon indicated that the increase of
HMGB1 further induced release of TNF-a, IL-6
lately, which reflected the co-activation bet-
ween early inflammatory cytokines and HMGBA1.

Int J Clin Exp Pathol 2015;8(2):1555-1564
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Figure 3. The mRNA level of HMGB1, TLR4 and NFkB in kidney. The LPS-induced increase in HMGB1, TLR4 and NFkB mRNA levels was suppressed in the CVVH
group compared with the Control group (P < 0.05).
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Figure 4. The protein level of HMGBland NFkB in kidney. The LPS-induced increase in HMGB1 and NFkB protein
levels was decreased in the CVVH group compared with the Control group (P < 0.05).

In vitro studies have demonstrated that the
HMGB1-stimulated inflammatory response
could be mediated mostly through receptors for
advanced glycation end products (RAGE) [23]
and TLR4 [24, 25]. It has been reported that
TLR4-deficient mice exhibited reduced cerbral
ischemia-reperfusion injury as well as down-
regulation of inflammatory cytokines, suggest-
ing that TLR4 plays an important role in inflam-
matory response [26]. Recent studies suggest
that HMGBL1 interacts with TLR4 and increases
TLR-mediated NF-kB activation [27, 28]. TLR4
receptors and NF-kB signaling pathway play a
critical role in the inflammatory response [29-
31]. The role of NF-kB activation in septic
pathophysiology and the signal transduction
pathways leading to NF-kB activation during
sepsis/septic shock have been investigated
extensively [32]. NF-kB acts as a transcription
factor that triggers the upregulation of cyto-
kines such as TNF-a and IL-6 to initiate the
inflammatory responses and process of apop-
tosis. We observed that LPS stimulation incr-
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eased the association between HMGB1 and
TLR4, suggesting that HMGB1 could, in turn,
activate the TLR4-mediated NF-kB signaling
pathway.

In this study we showed that HMGB1/TLR4/
NF-kB and proinflammatory mediates, such as
TNF-a, IL-6 were significantly downregulated
after CVVH treatment in a dog sepsis model.

HMGBL1 is a 25 kd protein. TLR4 consists of
619 amino acids and predicts a molecular
mass of 66 Kd. NF-kB molecular weight is 60
kd. It is widely known that CVVH could well
remove the macromolecular protein especially
inflammatory factors by convection. Compared
with NF-kB and TLR4, HMGB1 was better
cleared. The decreased TLR4 and NF-kB were
resulted from the removement of CVVH and the
reduction of HMGB1 activation.

Together these results indicate that inhibition
of HMGB1/TLR4/NF-kB pathway by CVVH

Int J Clin Exp Pathol 2015;8(2):1555-1564
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resulted in less apoptosis and better functional
recovery. The indicators of major organ func-
tion (AST, ALT, Cr, BUN) were significantly
decreased after CVVH treatment. At the same
time, arterial oxygen pressure was increased
significantly. The histological change of lung,
liver and kidney was significantly improved.

We concluded that continuous blood purifica-
tion therapy by reducing the level of HMGB1/
TLR4/NF-kB and other cytokines could weaken
the cascade of cytokines and restore the body’s
immune system, and reduce the damage of
important organs in sepsis.
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