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Abstract
Decompensated liver cirrhosis (LC), a life-threatening complication of chronic liver
disease, is one of the major indications for liver transplantation. Recently, mesenchymal
stem cell (MSC) transfusion has been shown to lead to the regression of liver fibrosis in
mice and humans. This study examined the safety and efficacy of umbilical cord-derived
MSC (UC-MSC) in patients with decompensated LC. A total of 45 chronic hepatitis B
patients with decompensated LC, including 30 patients receiving UC-MSC transfusion,
and 15 patients receiving saline as the control, were recruited; clinical parameters were
detected during a 1-year follow-up period. No significant side-effects and complications
were observed in either group. There was a significant reduction in the volume of ascites in
patients treated with UC-MSC transfusion compared with controls (P < 0.05). UC-MSC
therapy also significantly improved liver function, as indicated by the increase of serum
albumin levels, decrease in total serum bilirubin levels, and decrease in the sodium model
for end-stage liver disease scores. UC-MSC transfusion is clinically safe and could improve
liver function and reduce ascites in patients with decompensated LC. UC-MSC transfusion,
therefore, might present a novel therapeutic approach for patients with decompensated LC.
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Introduction
Liver fibrosis is the major cause of morbidity and mortality in
patients with chronic hepatitis B virus (HBV) infection.1 Liver
fibrosis can be reverted with the removal of the underlying etiol-
ogy, such as control of HBV replication. However, if chronic
inflammation and injury persist, liver fibrosis is likely to progress
to liver cirrhosis (LC). LC is generally characterized by the for-
mation and accumulation of an extracellular matrix, which lead to
the progressive distortion of the hepatic architecture. Hepatic stel-
late cell (HSC) activation is usually considered a critical event in
the pathogenesis of liver fibrosis.1,2 LC usually progresses irrevers-
ibly into a decompensated stage, which is characterized by a series
of clinical manifestations, including ascites, variceal hemorrhage,
and hepatic encephalopathy, while ascites is the most common
clinical symptom in such patients.3 Although ascites might be
treated with diuretics, periodic paracentesis, or a transjugular

intrahepatic portosystemic shunt, liver transplantation is the only
option that can improve the survival of these patients. However,
the severe shortage of donor livers, high costs, and potential
serious complications have restricted the availability of liver trans-
plantation worldwide. Therefore, alternative strategies are under
intense investigation.

Mesenchymal stem cells (MSC), originating from the many
mesenchymal and connective tissues,4 have self-renewal abilities
and multidirectional differentiation potentials. They also interact
with various types of immune cells, leading to immunomodula-
tion.5 Recently, MSC have been used therapeutically in clinical
trials for graft-versus-host disease,6 and appear to be effective in
immune-mediated tissue injury, transplantation, and autoimmu-
nity.7 In particular, MSC have also been used to treat liver diseases
in animal models and patients. Studies from animal models have
shown that bone marrow-derived MSC (BM-MSC) infusion ame-
liorates liver fibrosis8,9 and reverses fulminant hepatic failure.10,11
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In clinical trials, autologous BM-MSC infusion has been demon-
strated to be safe and feasible, and can improve the liver function
of some LC patients.12–14 However, in these studies, the small size
of the patient cohorts and the lack of controls prevent firm con-
clusions being made with regard to the safety and efficacy of this
treatment in liver diseases.15 In addition, BM-MSC from patients
with chronic HBV infection suffer from proliferative deficiency,
and might not be the best choice.16 In contrast, human umbilical
cord-derived MSC (UC-MSC) are free from these limitations
related to autologous BM-MSC. In addition, UC-MSC can be
obtained from the discarded UC, and therefore, can be produced
on a large scale. It has been reported that human UC-MSC infusion
can improve liver fibrosis in rats.17,18 Therefore, UC-MSC have
more potential to be used in clinical scenarios for the treatment of
human liver diseases.

In our present study, we examine the safety and efficacy of
UC-MSC transfusion in 30 decompensated LC patients with
ascites and compare the patients to 15 matched controls who
received saline infusion.

Methods

Patients

This open-labeled, paired, controlled study was registered at Clini-
calTrial.gov of the National Institute of Health of the USA (regis-
tered no. NCT0120492). This study was authorized by the General
Logistic Ministry of Health, China. After the approval of the
project by the Ethics Committee of Beijing 302 Hospital, all
patients signed a written, informed consent, in accordance to the
Institutional Review Board guidelines for the protection of human
patients. A total of 45 chronic hepatitis B patients with decompen-
sated LC and ascites were assigned into either the treatment group

or the control group at a 2 : 1 ratio. In the treatment group, 30
patients were treated with UC-MSC transfusion, while in control
group, 15 patients received saline infusion. Both groups of patients
received conventional treatment (Fig. 1). The baseline clinical
parameters were matched in the treatment and control groups
(Table 1).

All patients had a history of chronic HBV infection, with ultra-
sonographic evidence of LC with ascites and/or portal hyperten-
sion, and/or low serum albumin (ALB) and/or high total bilirubin
(TBIL), and/or a prolonged international normalized ratio (INR).
The exclusion criteria were as follows: a history of moderate to
severe hepatic encephalopathy, variceal bleeding, recent infection
and/or ascites ultrafiltration, and/or dialysis during the previous
2 months before enrolment; the presence of severe comorbidities;
the presence of any underlying neoplasm; evidence of extrahepatic
biliary diseases; the presence of hepatic, portal, or splenic vein
thromboses on Doppler ultrasonography; active substance abuse;
the lack of a supportive family; and if the patients were unwilling
to sign the informed consent form.

Preparation and identification of UC-MSC

With the written consent of the parents, fresh human UC were
collected. UC-MSC were prepared according to a previous study.19

In brief, the UC vessels were removed, and the mesenchymal
tissue was diced into cubes, washed, and finally seeded into a
T75-cm2 tissue culture flask. After 12–15 days of culture, the rem-
nants of the cord fragments were removed, and the adherent cells
were cultured until they were confluent (first passage). These
UC-MSC were then cultured and collected between the third and
fourth passages for transfusion into patients.

Before transfusion, the UC-MSC were subjected to quality
control. The UC-MSC were digested and stained with anti-CD31-

Figure 1 Study flow diagram. Total of 51
patients with decompensated liver cirrhosis
were enrolled, but five patients were
excluded because they did not meet the inclu-
sion criteria. Other 46 patients were random-
ized into the control and umbilical cord-
derived mesenchymal stem cell (UC-MSC)
treatment groups (1 : 2 ratio). In the UC-MSC
treatment group, one patient was excluded
because they withdrew their consent. There-
fore, 15 control patients and 30 UC-MSC-
treated patients were followed up for
48 weeks and analyzed in the trial.
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fluorescein isothiocyanate (FITC), anti-CD34–FITC, anti-CD105–
FITC, anti-CD45–FITC, anti-CD90–PE (phycoerythrin), anti-
CD29–PE, anti-CD44–PE, anti-CD73–PE, and anti-HLA (human
leukocyte antigen)-DR–PE (Becton Dickinson, Franklin Lakes,
NJ, USA) or the isotype monoclonal antibody (mAb). The cells
were collected using FACSCalibur (Becton Dickinson, San Jose,
CA, USA); the data were analyzed by FlowJo software (TreeStar,
Ashand, OR, USA). Alternatively, the digested cells were cultured
under conditioned medium (Stem Cell Tech, Vancouver, BC,
Canada), and were subsequently assessed by alkaline phosphatase
staining and Oil Red O staining, respectively. Moreover, bacterio-
logical tests were performed at every passage and prior to
injection.

UC-MSC transfusion

By the fourth passage, the cells were suspended at a concentration
of 0.5 ¥ 106/kg body weight in saline, and were slowly infused
intravenously. The control patients received the same volume of
saline. Each patient received UC-MSC or saline treatment once
every 4 weeks three times, and were then followed up for an
additional 40 weeks (Fig. S1).

Follow up and outcome measures

The following tests were performed at weeks 0, 1, 2, 4, 8, 12, 24,
36, and 48: liver function tests: serum TBIL, ALB, and cholinest-
erase (CHE); renal function markers: urea, uric acid, and creati-
nine (CRE); thrombin marker prothrombin activity (PTA) and
INR; and white blood cell count (WBC), hemoglobin, and platelet
counts. The volume of hypogastric ascites was detected on ultra-
sonography, and the model for end-stage liver disease (MELD) Na
scores were used to evaluate prognosis. History taking and physi-
cal examinations were also performed at each clinical visit. The
presence of fever, peripheral edema, rash, nausea, and vomiting
were recorded in details at each visit.

ELISA

The serum laminin, hyaluronic acid, procollagen type III
N-terminal peptide (PIIINP), and collage type IV were detected

using a chemiluminescence quantitative immunoassay, and
hepatic growth factor (HGF) and transforming growth factor-b
(TGF-b) were detected using ELISA. The cut-off value was
10 pg/mL.

Statistical analysis

All data were analyzed using SPSS 13.0 for Windows software
(SPSS, Chicago, IL, USA). Multiple comparisons were made
among the different groups using the Kruskal–Wallis test for non-
parametric data. Comparisons between various individuals were
performed using the Mann–Whitney U-test; comparisons between
parameters in the same individual were performed using the
Wilcoxon matched pairs t-test. Actuarial overall disappearance
rates of ascites were measured from the onset of treatment to the
48-week review, and were analyzed by the Kaplan–Meier method.
The log–rank test was applied to compare between the groups. The
plots were performed using one minus survival model. For all
tests, two-sided P < 0.05 was considered to be significant.

Results

Characterization of UC-MSC

UC-MSC were fusiform on the flask, with the potential for either
osteogenic and adipogenic differentiation (Fig. S2a). These cells
express high levels of CD29, CD73, CD90, CD105, and CD44, but
do not express CD31, HLA-DR, CD34, and CD45 (Fig. S2b),
indicating that they contain no hematopoietic cells. These cells can
produce high levels of HGF, interleukin (IL)-6, and granulocyte
colony-stimulating factor (G-CSF), and moderate levels of TGF-b
and IL-7, but low levels of IL-2, IL-10, and interferon-g (Fig. S2c).
Thus, the UC-MSC had similar characteristics to those previously
reported in BM-MSC.19

Efficacy of UC-MSC transfusion in vivo

Liver function tests

We first found that ALB levels were significantly increased in both
the UC-MSC and control groups after 1 week of treatment. Impor-

Table 1 Baseline demographic and clinical data of enrolled patients

Control Umbilical cord-derived mesenchymal stem cells P-values

n 15 30 ND
Sex (male/female) 14/1 26/4 0.881
Age (years) 47 (29–64) 48 (25–64) 0.914
Ascites (mm) 66 (10–86) 57 (20–104) 0.682
Alanine aminotransferase (IU/L) 40 (14–119) 37 (17–101) 0.562
Serum albumin (g/L) 28.0 (21–34) 28.5 (19–38) 0.682
Total bilirubin (mmol/L) 44.0 (6.5–115.6) 37.1 (21.2–120.2) 0.555
Prothrombin activity (%) 65 (39–92) 59 (26–81) 0.268
International normalized ratio 1.27 (1.07–1.47) 1.36 (1.10–2.27) 0.262
Creatinine (mmol/L) 73 (60–204) 75 (56–158) 0.673
Cholinesterase (U/L) 2165 (1252–5222) 2029 (672–3906) 0.455
Median serum HBV levels (IU/mL) 7.9 ¥ 105 (< 100–1.7 ¥ 108) 3.8 ¥ 105 (< 100–1.3 ¥ 107) 0.343
HBeAg positive/negative 6/9 14/16 0.881

Data are shown as the median and range. HBeAg, Hepatitis B e antigen; HBV, hepatitis B virus; ND, no data.
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tantly, ALB levels were significantly higher at weeks 36 and 48 in
the UC-MSC group, compared to the controls (P < 0.05, Fig. 2a).
We also found that serum CHE levels were significantly increased
at week 4 of UC-MSC treatment, which occurred earlier than the
control groups (at week 8). No significant differences in CHE
levels were found between the control and UC-MSC treatment
groups at any other time points (Fig. 2b).

UC-MSC transfusion also significantly decreased TBIL levels
after week 2; in particular, at week 48, TBIL levels were signifi-
cantly lower in the UC-MSC group than that in the control group
(Fig. 2c). No significant differences in ammonia levels were found
between the control and UC-MSC groups, although they were
gradually decreased in both the control and UC-MSC groups after
treatment (Fig. 2d). These data indicate that UC-MSC treatment
has the potential to improve liver function in decompensated LC
patients.

Thrombin function tests

PTA and INR values are usually used in the clinical setting as
markers reflecting thrombin function of LC patients. We found
that PTA was increased significantly in both the control and
UC-MSC treatment groups (Fig. 2e), and INR levels were
decreased accordingly (Fig. 2f). Interestingly, the improvement of
thrombin function occurred at an earlier stage in UC-MSC-treated

patients than in control patients, suggesting that UC-MSC trans-
fusion might improve thrombin function earlier in decompensated
LC patients with ascites.

Renal function tests

We also monitored renal function parameters, such as urea, CRE,
and uric acid during the treatment course (Fig. 3a–c). No signifi-
cant alterations were observed in these markers during the
follow-up period for both groups; however, the serum CRE levels
were significantly decreased at week 8 in UC-MSC-treated
patients (Fig. 3b).

MELD Na score

The MELD Na score has been demonstrated to be a better
marker than the MELD score in the evaluation for the prognosis
of end-stage liver diseases.20–22 We found that the MELD Na
scores were simultaneously decreased in the control and
UC-MSC treatment groups (Fig. 3d). In particular, the MELD Na
scores were decreased earlier in the UC-MSC-treated patients
than the control group. At week 48, the MELD Na score was
significantly reduced in the UC-MSC treatment group compared
to the control group.

Figure 2 Influence of umbilical cord-derived mesenchymal stem cell (UC-MSC) therapy on liver functions in decompensated liver cirrhosis patients
with ascites. Serum albumin (a), cholinesterase (b), total bilirubin (c), blood ammonia (d), prothrombin activity (e), and international normalized ratio
(f) were used to reflect liver function. *P < 0.05 indicates a significant difference between the baseline value and the value at various time points after
UC-MSC plus conventional therapy or conventional therapy. #, significant difference (P < 0.05) between control values and UC-MSC values at various
time points. , control; , UC-MSC.
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Routine blood tests

No significant changes were found in peripheral WBC in both the
control and UC-MSC treatment groups (Fig. 4a). The hemoglobin
levels were significantly increased after 12 weeks of treatment in
both groups (Fig. 4b). Importantly, platelet counts were persis-
tently increased after 36 weeks of UC-MSC treatment; in contrast,
they were just maintained at low levels in the control group
(Fig. 4c). Thus, at weeks 36 and 48, the platelet counts were
significantly higher in UC-MSC-treated patients than those in the
control group.

Ascites reduction

We further found that the hypogastric ascites volume by ultra-
sonography was significantly decreased in the UC-MSC treatment

group at weeks 1, 2, 12, 36, and 48 (Fig. 5a). We further found that
the rate of ascites disappearance was significantly higher in the
UC-MSC treatment group than that in the control group (log–rank
test, with P = 0.001, Fig. 5b), suggesting that UC-MSC transfu-
sions reduce ascites volume in decompensated LC patients.

Liver fibrosis markers

Serum laminin, hyaluronic acid, PIIINP, and type IV collagen are
usually used to evaluate the disease severity of liver fibrosis in the
clinical setting. In the present study, we found that the concentra-
tions of these markers were significantly decreased at weeks 24
and 48 in the UC-MSC treatment group (Fig. 6). Interestingly, at
weeks 24 and 48, reduction of the serum laminin concentra-
tion was significantly higher in the UC-MSC group than in the
controls.

Figure 3 Influence of umbilical cord-derived
mesenchymal stem cell (UC-MSC) therapy on
renal function and model for end-stage liver
disease (MELD) Na scores in decompensated
liver cirrhosis patients with ascites. Serum
renal function markers, urea (a), creatinine (b),
and uric acid (c), were detected, and MELD
Na (d) scores were analyzed during the period
of treatment. * P < 0.05 indicates a significant
difference between the baseline value and
those at various time points after treatment.
#, significant difference (P < 0.05) between
saline control values and UC-MSC values
at the appropriate time points. , control;

, UC-MSC.

Figure 4 Impact of umbilical cord-derived mesenchymal stem cell (UC-MSC) therapy on the routine blood test in decompensated liver cirrhosis
patients with ascites. White blood cell counts (a), hemoglobin (b), and platelet counts (c) were detected during the period of treatment. *P < 0.05
indicates a significant difference between the baseline value and that at various time points after treatment. #, significant difference (P < 0.05)
between saline control values and UC-MSC values at the corresponding time points. , control; , UC-MSC.
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HGF attenuates, and TGF-b stimulates liver fibrosis.1 We found
that there was a significantly higher level of serum HGF at week
48 in the UC-MSC treatment group than in the control group
(Fig. 6). No significant alteration was found in the levels of plasma
TGF-b.

Safety of UC-MSC transfusion in vivo

Clinical symptoms and signs

In this study, four patients developed a self-limiting fever (37–
38°C) within 2–6 h of UC-MSC transfusion, and recovered within

12 h, without any additional specific treatment. No short-term
clinical adverse effects, including right upper quadrant pain, pru-
ritus or skin rash, infection, coma, or shock, were reported in all
the patients. We also found that lower limb edema disappearance
occurred more quickly in the UC-MSC group (from 53.3% at
onset, to 16.7% at week 4) than in the control group (maintained
26.7% from onset to week 4) (Table S1).

Complications

We examined the occurrence of complications throughout the trial
(Table S2). No significant statistical differences were found in the
occurrence of complications, including hepatocellular carcinoma,
upper gastrointestinal hemorrhage, hepatic encephalopathy, and
primary peritonitis between the UC-MSC treatment and control
groups.

Serum HBV loads

There was no significant difference in the rate of reduction of
serum HBV-DNA in the UC-MSC treatment and control groups
(Table S3).

Discussion
The development of ascites is related to two main pathogenetic
mechanisms in decompensated LC patients: portal hypertension
and renal sodium retention.3 Recently, stem cell-based therapies
have emerged as a novel alternative for the treatment of such
patients.7 In particular, BM-MSC transfusion has been shown to be
promising for the treatment of LC patients.12–14 However, UC-MSC
treatment has not been used for the treatment of such patients.

This novel study indicated that UC-MSC infusion through the
peripheral vein is safe and feasible in decompensated LC patients
with ascites. No significant differences in the occurrences of short-
term side-effect profiles and long-term complications were found
between the UC-MSC treatment and control groups. Similar to
previous reports with regards to BM-MSC transfusion,12–14

UC-MSC treatment ameliorated some of the clinical symptoms
and signs, and is, therefore, able to be used in clinics.

More importantly, this study demonstrated some promising
results in the efficacy of UC-MSC treatment in such patients. The
most prominent efficacy is that UC-MSC can significantly reduce
the hypogastric ascites volume and induce ascites remission. The
relevant mechanisms remain obscure. One possibility is that
UC-MSC treatment might exert antifibrotic effects, and subse-
quently relieve portal hypertension. In this respect, UC-MSC could
decrease HSC activation via UC-MSC-derived IL-10 and tumor
necrosis factor (TNF)-a,23,24 or induce HSC apoptosis partially
mediated by HGF.24,25 Indeed, UC-MSC transfusion decreased the
levels of serum liver cirrhosis markers in the study. In addition,
MSC might also overexpress matrix metalloproteinases (MMP),
especially MMP-9, which have fibrolytic effects.26 Thus, UC-MSC
act through multiple mechanisms to coordinate a dynamic, inte-
grated response to HSC activation, and reduce the resistance to
portal flow at the sinusoidal level,3 finally leading to a greater degree
of ascites remission. Our data also indicated that UC-MSC trans-
fusion can partially decrease serum CRE, but not urea and uric acid
levels, indicating that UC-MSC transfusion might improve renal

Figure 5 Umbilical cord-derived mesenchymal stem cell (UC-MSC)
therapy improves ascites remission in decompensated liver cirrhosis
with ascites. (a) Change in volume of ascites during the course of
UC-MSC or control treatment. *P < 0.05 indicates a significant differ-
ence between the baseline value and that at various time points after
UC-MSC or saline therapy. #, significant difference (P < 0.05) between
saline control values and UC-MSC values at the corresponding time
points. (b) Rate of ascites disappearance in the control and UC-MSC
treatment groups at various time points. P-values that demonstrate
statistically-significant differences between the control and UC-MSC
groups are indicated. , control; , UC-MSC.

Z Zhang et al. Stem cells treat liver cirrhosis

117Journal of Gastroenterology and Hepatology 27 (2012) Suppl. 2; 112–120

© 2012 Journal of Gastroenterology and Hepatology Foundation and Blackwell Publishing Asia Pty Ltd



function of decompensated LC patients. Further studies are
required to confirm the decrease of sinusoidal portal hypertension
and sodium retention by the kidney after UC-MSC transfusion.

We also showed that UC-MSC transfusion can improve liver
function, as evidenced by an increase in serum ALB levels, a
decrease in TBIL levels, and a reduction in blood lactic acid and
prothrombin time activity earlier than the control treatment over
the entire follow-up period. These findings, in combination with
other reports,12–14 suggest that UC-MSC might improve the func-
tion of hepatocytes. However, MSC have the potential to differen-
tiate into hepatocytes, both in vitro and in vivo.27,28 Alternatively,
MSC might also increase residual hepatocyte proliferation by sup-
plying growth factors and cytokines, such as HGF,25 which are
critical for the process of hepatic regeneration.23,25,29–31 Indeed,
several reports have shown that MSC have the capacity to secrete
various bioactive molecules,32 and exert a protective role for acute
liver injury.10,33 Collectively, these studies support the therapeutic
effect of UC-MSC on the improvement of liver functions, which
might be due to cytokines that modulate the proliferation, viability,
and function of resident hepatocytes.29

Our study also found that UC-MSC transfusion could signifi-
cantly reduce MELD Na in these patients. This is similar to previous
studies in which the Child–Pugh score was employed to evaluate the
effect of MSC on liver prognosis.12,13 Notably, the MELD Na score
has recently been demonstrated to be a better prognostic marker for

liver disease, while the Child–Pugh score might be biased due to the
interobserver variation in the clinical evaluation. Thus, different
scoring systems used by clinicians might lead to various evaluation
effects of UC-MSC therapy in LC patients.

Notably, the present study was conducted on larger groups in
comparison to previous studies.12–14 This study is a 2:1-pair, con-
trolled design; the control and treatment groups were homoge-
neous in the etiology of liver disease and their baseline clinical
characteristics (Table 1). Therefore, this design, at least to some
extent, provides more convincing data related to the safety and
efficacy of UC-MSC in the treatment of decompensated LC.
Several other limitations were also present in this study. First, we
did not track the infused UC-MSC in patients in vivo, which is
very important in order to understand the precise way that
UC-MSC function. Second, we did not document the histological
alterations in the studied patients, because liver biopsy carries a
high risk in LC patients with ascites. However, the present study
highlights several key issues that should be considered in future
study designs, such as the optimal type of stem cells that will be
infused, the minimum effective number of cells, and the optimal
route of administration. Thus, our current findings demonstrate
that UC-MSC transfusion via the peripheral vein is safe and has
some promising results in the improvement of liver function and
the remission of ascites in decompensated LC patients with
ascites. Future larger-scale, randomized, double-blinded, placebo

Figure 6 Changes of serum liver fibrosis
markers and cytokines after umbilical cord-
derived mesenchymal stem cell (UC-MSC)
treatment of decompensated liver cirrhosis
patients with ascites. Plasma laminin, hyalu-
ronic acid, procollagen type III N-terminal
peptide, and collage type IV, as well as cytok-
ines hepatic growth factor (HGF) and trans-
forming growth factor-b (TGF-b) were
detected using ELISA assays. *P < 0.05 indi-
cates a significant difference between the
two groups. , control; , UC-MSC.
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designs should be conducted to confirm the use of UC-MSC treat-
ment in such patients.
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Supporting information
Additional supporting information may be found in the online
version of this article:

Figure S1 Study protocols.

Figure S2 Identification of umbilical cord-derived mesenchymal
stem cells (UC-MSC). (a) Shape of cells and the adipogenic
(positive Oil Red O staining) and osteogenic (positive alkaline
phosphatase staining) differentiation of UC-MSC (¥200). (b)
Representative histogram depicting the expression patterns of
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UC-MSC surface markers, including CD29, CD73, CD90,
CD105, CD44, CD31, human leukocyte antigen (HLA)-DR, and
CD34. Values represent the percentages of UC-MSC that
expressed these surface markers. (c) Cytokine profiles produced
by UC-MSC. Total of five clones from various UC were
characterized.

Table S1 Proportion of patients with double leg edema.

Table S2 Complications between the control and umbilical cord-
derived mesenchymal stem cell treatment groups at the end of study.

Table S3 Proportion of patients with serum hepatitis B virus loads
below the detection limit.

Please note: Wiley-Blackwell are not responsible for the content or
functionality of any supporting materials supplied by the authors.
Any queries (other than missing material) should be directed to the
corresponding author of the article.
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