L))

Check for
updat

Original Articl

Pilot study: deficiency of mannose-binding lectin-dependent lectin
pathway, a novel modulator in outcome from pancreatic islet
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Background: Numerous factors influence pancreatic islet survival following auto-transplantation. Of
these, the host immune response in the early peri-operative period is one of the most important. In this
study we investigated the role of the mannose-binding lectin (MBL)-dependent pathway in a group of
total pancreatectomy (TP) islet auto-transplantation (TPIAT) patients and classified them as competent
or deficient in MBL activity. Complement pathway activities, MBL protein and inflaimmatory cytokine
concentrations were evaluated from eleven pancreatic islet auto-transplant patients from two institutions.
Methods: Eleven patients from two institutions were prospectively recruited. Serum was screened at
different time points for 29 different cytokines and compared according to their MBL deficient or competent
status. Twelve patients from previous TPIAT patients also underwent screening of MBL pathway activity.
Results: A total nine of twenty three patients (39%) were MBL pathway deficient. MCP-1, IL-7 and IL-
la concentrations were significantly lower in the MBL deficient cohort compared to the normal MBL
group (P=0.0237, 0.0001 and 0.0051 respectively). IL-6 and IL-8 concentrations were significantly raised in
the normal MBL group. MBL functional activity was lower in insulin-independent group compared to the
insulin-dependent group.

Conclusions: Complement activation is an important, possibly damaging response during intra-portal
islet infusion. MBL pathway deficiency appears common in this population and the cytokine response was
attenuated in MBL pathway deficient patients. Therapeutic MBL pathway blockade during and following

islet auto-transplantation (IAT) may improve islet survival and function and thereby clinical outcome.
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Introduction introduced into clinical practice, IAT is currently actively
Islet auto-transplantation (IAT) is a procedure used to performed in the United States (1-3), United Kingdom (4),
prevent or ameliorate postoperative diabetes in patients Switzerland (5) and South Korea (6), with other centres
undergoing total pancreatectomy (TP). Although recently around the world developing their own islet program.
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Results of a recent meta-analysis confirmed the overall
efficacy of IAT in the short term (7). For this reason
numerous insurance companies now fund the procedure
when undertaken with TP to treat intractable pain in non-
diabetic patients (or C-peptide positive diabetic patients)
with chronic pancreatitis (8). However, early positive results
are generally counterbalanced by unpredictable long-
term outcomes due to the effects of numerous and poorly
understood factors. Amongst these, the inflammatory
response produced during and immediately after islet
infusion probably contributes to the long-term loss of graft
survival and function (9).

The complement cascade is one of the major activators
and amplifiers of inflammation through the stimulation
of a non-specific immune response and the production of
pro-inflammatory cytokines. In clinical transplantation, the
activation of complement and the consequent inflammatory
reaction exerts a significant influence on graft survival (10)
including islet transplants (11). The complement system
consists of the classical (CP), alternative (AP) and mannose-
binding lectin (MBL) pathways of activation (12).
Congenital deficiencies have been described for all
pathways (13) but MBL deficiency is the most common (14).
This condition produces recurrent infections (15) and
decreased inflammatory response to ischemic-reperfusion
injuries (16,17). Therefore, in the setting of clinical
transplantation; MBL-deficiency could be beneficial
because the attenuated immune response produced would
affect autografts less than in MBL-competent patients, with
a potential for better graft survival and long-term function.

The purpose of our study is to investigate the
inflammatory response elicited in MBL-deficient patients
and compare it to that of MBL-competent patients
undergoing TP and IAT and compare this with graft
survival and function post-operatively

Methods
Patients

Twelve patients who had undergone previous total
pancreatectomy islet auto-transplantation (TPIAT) in
Leicester were recruited to the study and a further eleven
patients were prospectively recruited from the Leicester
General Hospital (LGH; Leicester, United Kingdom) and
the Baylor Research Institute (BRI; Dallas, United States).
This study was approved by the institutional review board
(IRB), and written informed consent was obtained from
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all patients included. The authors are accountable for
all aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved.

Islet isolation and transplantation

In the Leicester series, islets were prepared and infused
as previously described (18). Pancreas was digested
with Neutral Protease NB GMP Grade in combination
with purified Collagenase NB 1 GMP Grade (SERVA
Electrophoresis GmbH, Heidelberg, Germany).
Unpurified whole pancreatic digest was suspended in
M199 transplant media containing 20% human serum
albumin. Islets were prepared while the surgeons completed
the enteroenterostomy and choledochojejunostomy
reconstruction (19). Immediately prior to the transplant,
the patients received 5,000 U heparin intravenously. Islets
were infused into the portal vein via an umbilical vein (with
heparin) over 20-30 minutes (20). During the islet cell
infusion the portal pressures were continuously monitored
to ensure that the levels reached did not exceed 20 mmHg.

In the Baylor series, islets were prepared and infused as
previously described (21). Pancreas was digested with either
Liberase™ MTF with TherrnolysinTM (Roche, Indianapolis,
United States) or Collagenase NB 1 GMP Grade (SERVA
Electrophoresis GmbH, Heidelberg, Germany). Isolated
islets were infused into the portal vein via the mesenteric
vein with heparin (70 U/kg body weight) over 30 to
60 minutes while the patients were under general
anaesthesia. During islet infusion, portal vein pressure was
monitored intermittently. If portal vein pressure exceeded
20 mmHg, the infusion of islets was stopped until portal
vein pressure decreased.

The islet yield was converted into a standard number
of islet equivalents (IEQ), with the diameter standardized
to 150 pm. Islet viability in the final product was evaluated
with fluorescein diacetate/propidium iodide staining.

Serum tests

Serum samples were obtained retrospectively at follow up
baseline levels were obtained at preoperatively, prior to islet
infusion, during islet infusion, at the completion of islet
infusion. Subsequently, serum samples were obtained at
1 hour, 3 hours, 6 hours, 24 hours, 3 days, 5 days, and
7 days post islet infusion. Serum samples were stored at
—80 °C until assayed.
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The Wieslab® Complement system Screen (Euro-
Diagnostica, Malmo, Sweden) was used according to the
manufacturer instructions. The following kits were used for
MBL protein evaluation: Human MBL ELISA kit HK3223
(Hycult Biotech, Uden, The Netherlands), and as controls
for assay: MBL standard serum SER101 and MBL oligomer
deficient serum, B/B genotype SER102, from Antibodyshop
(BioPorto Diagnostics A/S, Gentofte, Denmark).

Concentrations of cytokines and chemokines were
determined by measuring serum samples in a Luminex
200 (Millipore, Billerca, Massachusetts, USA) using xMAP
technology. The bead assay was performed according to
the manufacturer’s instructions. Markers were: interferon
alpha (IFN-0), interferon gamma (IFN-y), interleukin-10
(IL-10), interleukin-12p40 (IL-12p40), interleukin-12p70
(IL-12p70), interleukin-13 (IL-13), interleukin-15 (IL-
15), interleukin-17 (IL-17), interleukin-1ra (IL-1ra),
interleukin-1 alpha (IL-1a), interleukin-1 beta (IL-1),
interleukin-2 (IL-2), interleukin-3 (IL-3), interleukin-4 (IL-
4), interleukin-5 (IL-5), interleukin-6 (IL-6), interleukin-7
(IL-7), interleukin-8 (IL-8), Epidermal growth factor
(EGF), Eotaxin, Granulocyte colony-stimulating factor
(G-CSF), Granulocyte-macrophage colony-stimulating
factor (GM-CSF), Vascular endothelial growth factor
(VEGF), Monocyte Chemotactic Protein-1 (MCP-1),
macrophage inflammatory protein 1 alpha (MIP-1a),
macrophage inflammatory protein 1 beta (MIP-1f), Tumor
necrosis factor-alpha (TNF-a) and Tumor necrosis factor-
beta (TNF-p).

Statistical analysis

All data were initially entered into an Excel database
(Microsoft, Redmond, Washington, United States) and the
analysis was performed using the Statistical Package for the
Social Sciences Windows, version 13.0 (SPSS, Chicago,
Illinois, USA). Descriptive statistics consisted of the mean
and standard deviation for parametric distributions and
median and range for non-parametric distributions after
confirmation with the Kolmogorov-Smirnov test and
histograms.

Comparisons over time were performed with the
ANOVA for repeated measures for parametric variables or
Friedman for non-parametric variables. Comparison among
MBL competent and MBL deficient patients was performed
with ANOVA for repeated measures for parametric variables
and the Mann-Whitney test for non-parametric variables. P
values of <0.05 were considered statistically significant.
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Results
Patients

In the LGH group, the whole pancreatic digest was used
without purifying the islets, in the BRI group islets were
purified in 5 cases and not purified in 3 cases (Table 1). The
amount of transplanted IEQ was not different between the
LGH and BRI. Four patients (40%) were identified with
MBL pathway activity deficiency and one patient had very
low MBL activity (Table 1; Figure 1A4). Two MBL pathway
deficiency patients were associated with MBL protein
deficiency (Figure 1B). Retrospectively, twelve patients from
Leicester series were recruited from previous TPIAT. Five/
twelve (41.7%) were MBL pathway deficiency (Table 2;
Figure 1A4). There were 5/9 (55.6%) insulin free in MBL
deficient patients compared to 4/14 (28.6%) insulin free in
MBL competent patients (Zables 1,2).

Complement activity

No significant differences were present in the CP and AP
activities between MBL deficient vs. competent patients
(P=0.167 and P=0.053 respectively). There was a significant
difference MBL pathway activity between MBL deficient vs.
competent patients (P<0.001). The CP activity was reduced,
compared to baseline levels, from the completion of islets
infusion (P<0.001) to the 3" postoperative day when it
recovered to preoperative values (Figure 24). The MBL
activity was reduced, compared to baseline levels, before the
islets infusion (P<0.05) to the 4" postoperative day when
it recovered to preoperative values (Figure 2B). The AP
activity was reduced, compared to baseline levels, before the
islets infusion (P<0.05) to the 3" postoperative day when it
recovered to preoperative values (Figure 2C).

Cytokines with changes between MBL competent vs.
deficient patients

IL-6 concentrations were raised in the normal MBL group
but not statistically significant compared to MBL deficient
group (P=0.0828) (Figure 34). However, 1L-6 level rose
significantly in the normal group from its baseline before
the islet infusion until the Ist postoperative day (P<0.001).
MCP-1 concentrations were raised significantly on the 1%
day (P<0.001) and MCP-1 levels were significantly lower
in MBL deficient vs. competent patients (P=0.0237) (Figure
3B). Lower concentrations in the MBL deficient patients,
compared with MBL competent ones, were found for IL-
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la (P=0.0051) (Figure 3C). IL-8 increased significantly
compared to baseline levels before the islet infusion
(P<0.001) until the 3™ postoperative day where it recovered
to preoperative values, but there were not statistically
different between both groups (P=0.11) (Figure 3D). IL-7
concentrations were raised significantly in the normal
MBL group compared to MBL deficient group (P=0.0001)

(Figure 3E).

Cytokines with/without changes over time and between
MBL competent vs. deficient patients (Tuble 3)

IL-15 concentrations were significantly raised from the 1*
postoperative hour to the 3™ postoperative day (P<0.001).
GM-CSF concentrations were significantly elevated
compared to baseline levels only at the 3" postoperative
hour (P<0.05). Compared to values before islet infusion,
EGF concentrations significantly decreased during the
infusion until the 3" postoperative day included in the MBL
competent patients (P<0.001). IL-6, IL-15, EGF, GM-
CSF and MCP-1 concentrations were significantly lower
in MBL deficient vs. competent patients (P<0.001). Lower
concentrations in the MBL deficient patients, compared
with MBL competent ones, were found for Eotaxin
(P<0.001), TL-1a (P<0.001), TL.-2 (P<0.001), TL-3 (P<0.001),
IL-5 (P<0.05), TNF-p (P<0.001). Higher concentrations
were present only for IL-17 (P<0.001). G-CSF increased
significantly compared to baseline levels before the islet
infusion (P<0.001) until the 3™ postoperative day where
it recovered to preoperative values. Similar results were
achieved for IL-8 (P<0.001). For IL-10 the significant
increase compared to baseline levels was present only at the
completion of the islet infusion (P=0.001) and 15 minutes
after (P=0.005). At one hour from the end of the operation,
the difference was not significant (P=0.293). For TNF-a
the increase compared to baseline was significant from
the 3" postoperative hour (P=0.018) onwards until the 7"
postoperative day (P=0.001). IL-1B concentration was not
significantly different among groups (P=0.299) and over
time compared to baseline levels (P=0.865). Similar results
were found for IL-4 (groups P=0.414; time P=0.532), IL-5
(groups P=0.268; time P=0.181), IL-10 (groups P=0.589;
time P=0.067), IL-12p40 (groups P=0.505; time P=0.673),
IL-12p70 (groups P=0.171; time P=0.967), IL-13 (groups
P=0.059; time P=0.515), IFN-o (groups P=0.520; time
P=0.992), IFN-y (groups P=0.08; time P=0.595), MIP-1a
(groups P=0.288; time P=0.937), MIP-18 (groups P=0.571;
time P=0.105), VEGF (groups P=0.218; time P=0.128).
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Figure 1 Shows pre-operative MBL functional activity and protein level. (A) MBL pathway activity assay. Pt 1-3 (Leicester General
Hospital), Pt 4-11 (Baylor Research Institute) and Pt12-Pt23 (LGH series). (B) MBL protein ELISA assay in islet auto transplant patients.
Pt 1-3 (Leiceter General Hospital), Pt 4-11 (Baylor Research Institute). MBL, mannose-binding lectin.

Table 2 Retrospectively recruited from previous TPIAT Leicester series

Patient  Age (years) Etiology BMI (kg/m®  MBL status  Total IEQ IEQ/kg  Cleavage/purity Outcomes (1 year)
Pt 12 53 ERCP-pancreatitis 28.58 Competent 24,687 329.16 7% Insulin free
Pt 13 43 Idiopathic 22.86 Competent 57,296 954.93 18% Insulin free

Pt 14 38 alcohol 20.45 Deficient 139,420 2,359 12% Insulin free
Pt 15 43 Idiopathic 29.65 Deficient 607,822 8,008.19 68% Insulin free
Pt 16 42 Idiopathic 18.59 Deficient 192,850  3,506.36 25% Insulin (17 units)
Pt 17 54 Idiopathic 23.95 Competent 645,066 10,523.1 67% Insulin (12 units)
Pt 18 45 Pancreas divisum 25.39 Competent 290,000 3,853.5 36% Insulin free
Pt19 43 Idiopathic 20.23 Competent 217,500 5,330 18% Insulin (10 units)
Pt 20 34 Idiopathic 24.15 Deficient 369,177  6,616.08 67% Insulin (18 units)
Pt 21 45 Gallstones 20.23 Competent 222,000 4,230.8 Insulin (15 units)
Pt 22 34 Idiopathic 24.15 Competent 491,260 7,038.11 65% Insulin (6 units)
Pt 23 41 alcohol 26.05 Deficient 284,592 3,298 40% Insulin free

TPIAT, total pancreatectomy islet auto-transplantation; IEQ, islet equivalent.
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mannose-binding lectin.
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Table 3 Schematic summary of cytokine modifications

Differences among groups

Differences

over time No Yes

No IL-1B, IL-4, IL-5, IL-10, IL-12p40, IL-12p70, IL-13, IFN-a, IFN-y, Eotaxin, IL-1a, IL-2, IL-3, IL-5, TNF-B, IL-17
MIP-1a, MIP-1B, VEGF

Yes G-CSF, IL-8, IL-10, TNF-a IL-6, MCP-1, IL-15, GM-CSF, EGF

IL-2, interleukin-2; IL-3, interleukin-3; IL-4, interleukin-4; IL-5, interleukin-5; IL-6, interleukin-6; IL-8, interleukin-8; IL-10, interleukin-10;
IL-13, interleukin-13; IL-15, interleukin-15; IL-17, interleukin-17; IFN-o, interferon alpha; IFN-y, interferon gamma; MIP-1a, macrophage
inflammatory protein 1 alpha; MIP-1B, macrophage inflammatory protein 1 beta; VEGF, Vascular endothelial growth factor; G-CSF,
granulocyte colony-stimulating factor; TNF-a, tumor necrosis factor-alpha; TNF-B, tumor necrosis factor-beta; MCP-1, monocyte

chemotactic protein-1; GM-CSF, granulocyte-macrophage colony-stimulating factor; EGF, epidermal growth factor.
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Figure 4 Differences observed between the deficiency of MBL activity and MBL protein groups in achieving insulin-independence

following pancreatic islet auto-transplantation. (A) MBL functional activity in insulin-dependent and insulin-free groups. (B) MBL protein

level in insulin-dependent and insulin-free groups. MBL, mannose-binding lectin.

Correlations with insulin-free or insulin-dependent
outcome after IAT with MBL deficient patients

A total of 9/23 (39%) TPIAT patients were MBL deficiency.
When comparing outcomes after IAT, no statistically
significant differences in MBL functional activity deficiency
compared to normal were seen between the two groups
(nonparametric Fisher test P=0.089). MBL functional
activity was seven-fold lower in the insulin free group
compared to insulin dependent group (Figure 44). MBL
protein level was nearly half 0.167+0.049 pg in the insulin
free group compared to 0.265+0.099 pg in the insulin
dependent group (Figure 4B).

Discussion

Complement plays an important role in islet transplantation.
It is a part of the instant blood-mediated inflammatory
reaction (IBMIR) at the time of intra-portal transplantation
which involves the coagulation and complement cascades.

© Annals of Translational Medicine. All rights reserved.

Here we have studied complement activation and deficiency
in a cohort of islet auto-transplanted patients and the
relationship with inflammation.

Complement activation is a feature in ischemic
reperfusion injury during organ transplantation (22,23). In
liver transplantation, significantly elevated C3a and SCS5b-
9 levels in the absence of elevated levels for C4d suggested
a predominant engagement of the alternative pathway of
complement activation (22). This reinforced the finding
in our cohort of a MBL pathway activity deficiency rate of
9/23 (approx. 40%). MBL deficiency occurs in 5-30% of
the general population (14). MBL pathway deficiency is
the most common complement pathway deficiency. Many
reports have shown the different components deficient in
the MBL pathway of which MBL protein deficiency is one
of the most common. Deficiency is linked to recurrent
infections in children (24). The MBL gene has single
nucleotide polymorphisms (SNPs) (25). Therefore, the
level of MBL in the blood varies according to whether the

Ann Transl Med 2020;8(5):170 | http://dx.doi.org/10.21037/atm.2020.02.19
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individual is heterozygous or homozygous (26,27). Two
patients with presence of MBL protein and MBL pathway
activity deficiency could indicate non functionality of the
oligomerisation of MBL or other MBL pathway component
deficiencies. Mannan-binding lectin-associated serine
portease-2 (MASP-2) and L-ficolin (ficolin-2) are among
the other components sometimes found deficient in MBL
pathway activity (28,29).

In this study, we demonstrated that complement
activation occurred immediately after surgery. Complement
activation has previously been considered to be a short-lived
transient innate immune response (22), but our data shows
that it can, in fact, persist for several days postoperatively.
Complement activation increases C3a and C5a which in
turn triggers the pro-inflammatory response potentially
causing additional damage to the islet graft (29).

There are many reports on the expression of a great
variety of inflammatory mediators in islet transplantation,
but this is the first report on the relationship between
complement deficiency and its effect on inflammatory
mediators. As previously described, MBL pathway
deficiency is the commonest complement pathway
deficiency. We examined 29 inflammatory markers of
which 5 demonstrated reduced concentration in the MBL
pathway deficient patients. MCP-1 was significantly
reduced in the MBL deficient group (P=0.0237). In vitro,
MCP-1 concentration was elevated when monocytes were
exposed to MBL. MCP-1 is a potent chemokine, which
attracts monocytes and T cells into the site of infection or
immune activation (30). Previous studies have also shown
that patients undergoing islet allo-transplantation with low
concentrations of MCP-1 have better outcomes such as
increased freedom from long-term insulin dependence (31).
IL-6 and IL-8 are systemic proinflammatory cytokines
which are also reduced in MBL deficient patients. Eotaxin,
a small molecular cytokine, was slightly raised in normal
compared to MBL deficient groups. Another study has
suggested this elevation positively correlates with High-
Mobility Group Box 1 (HMGB1), which is linked to poor
clinical outcomes in IAT (23).

Conclusions

Complement activation is a sensitive intra-operative
measurement of inflammation during intra-portal islet
infusion and generally normalises by day 7. MBL pathway
deficiency is common in recipient patients. Further
investigation is merited to explore the detail of complement
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pathway activity in affected individuals. Therapeutic MBL
pathway blockade during and following IAT may improve
islet survival and function and thereby clinical outcomes.

Finally, we analysed the correlation between transplant
outcomes and MBL functional activity and protein levels.
Interestingly, MBL functional activity and MBL protein
levels were low in the insulin free group. These results
suggest that deficiency of MBL pathway results in a better
clinical outcome in IAT. More patients are needed to
confirm this finding.
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