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ABSTRACT

Introduction: Mannose Binding Lectin (MBL) is a pattern recognizing molecule in the Lectin complement pathway and
acts by activating the complement cascade via binding with ligands. There is evidence of increased autoreactivity of
Mannose Binding Lectin in various diseases especially diabetes. MBL deficiency can reduce pathogen clearance and
impair atherogenic lipoprotein removal whereas higher levels are associated with exaggerated immune response due to
complement activation in the presence of hyperglycemia.

Aims & Objectives: This study aims to find out the association of MBL (Mannose Binding Lectin) with different
clinical parameters in healthy controls and type 2 DM patients to predict disease outcome in type 2 diabetics. Mean level
of MBL in type 2 diabetics and healthy population will be compared to characterize MBL levels amongst diabetics
helping the clinicians to stratify patients according to disease severity.

Place and duration of study: It was a cross sectional analytical study conducted at Chughtai Institute of Pathology from
July 2019 to January 2020 on samples collected nationwide at Chughtai Lab collection centres.

Material & Methods: We selected 300 adult male and females in this study after taking informed consent based on
strict inclusion and exclusion criteria. Of these 200 were known cases of type 2 diabetes mellitus and 100 healthy
controls. .Fasting blood samples were drawn from both groups were analyzed for hs-CRP, HbAlc, creatinine, Total
Cholesterol, Alanine amino transfer as (ALT), HDL-Cholesterol, LDL-Cholesterol, Glucose, Triglyceride, and Mannose
Binding lectin. eGFR (Estimated Glomerular Filtration rate) was calculated for each patient and control. Data was
analyzed via Graph Pad Prism 5 and SPSS version 23.0, p value < 0.05 was taken as significant.

Results: Mean age of the participants was 47.9 years in diabetic group and 39.3 years in healthy controls. The healthy
population had a mean MBL level of 110.1 (SD+3.94) pg/ml and mean MBL level of diabetic group was 197.9
(SD=£12.84) pg/ml (p<0.05). No differences in MBL levels were detected based on gender distribution. There was a
significant difference among HbAlc, LDL-C, HDL-C, Fasting Glucose, TG, creatinine and eGFR amongst the diabetic
and the healthy group (p<0.05). There was a negative correlation between MBL levels and plasma glucose and a positive
correlation between the former and HDL-C in the healthy controls. In diabetic patients having MBL above 178pg/ml, a
positive correlation of HbA1C with MBL was found. CRP in the healthy population resembled levels in patients with
elevated MBL and the ratio Trig/HDL was higher in this subgroup having a positive correlation with MBL.

Conclusion: MBL plays a role in pathophysiology of diabetes mellitus and elevated MBL having positive correlation
with HbAlc might show association of glycemic control with the biomarker levels. A direct relationship of MBL with
development of cardiovascular complications in type 2 diabetics was suggested by a positive association of MBL with
TG to HDL-C ratio.
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INTRODUCTION Lectin complement pathway. MBL acts by

activating the complement cascade via binding with

Our complement system is grouped into three
pathways which are interconnected: the classical
pathway, the lectin pathway, and the alternative
pathway !. All these convey into common lytic
pathway. This cascade is an immediate response to
the invading microorganisms resulting in lysis and
inflammation 2. Mannose Binding Lectin (MBL) is
one of the four pattern recognizing molecules in the

ligands which are sugar specific and present on
microorganisms and dead tissue in a calcium
dependent mechanism>. MBL is  primarily
synthesized by the hepatocytes and belongs to C
type lectin family’. Individuals with MBL
deficiency are at increased risk of infections and
there is evidence that MBL inhibition improves
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clinical outcome in cases of acute myocardial
infarction®.

There is evidence of increased autoreactivity of
Mannose Binding Lectin in various diseases
especially diabetes. Hyperglycemia associated with
diabetes mellitus results in glycation of proteins,
cells and endothelial surface with an increased
activity of MBL resulting in complement activation
contributing towards sustained chronic
inflammation®. A study conducted on European
population has documented an elevation of mannose
binding lectin, also called mannose binding protein
in type 1 Diabetes Mellitus leading to an increased
risk of diabetic nephropathy and cardiac disease but
not enough data is available for type 2 Diabetes
Mellitus®. Elevated C-reactive protein (CRP) is
associated with chronic inflammation and increased
mortality in patients with Type 2 diabetes’”. An
increased expression of MBL genotype has been
found in patients with diabetic nephropathy
indicating that high levels of MBL might be a risk
of developing nephropathy by aggravating

complement activation. Also, MBL mediated
complement activation has been linked with
pathogenesis of renal diseases®. The disease

outcome can be improved by invasive treatment but
only once the disease course is accurately predicted.
There is mixed association of MBL with
cardiovascular disease (CVD) and poor outcome in
diabetics. Some of the studies demonstrated higher
MBL levels whereas others reported low levels
linked with increased number of episodes of cardiac
events and increased mortality in diabetics and
healthy population ®°. Abnormal MBL levels have
been correlated with increased intima media
thickness of carotid artery. Activation of lectin
complement pathway through MBL may activate
the coagulation cascade leading to thrombosis which
could increase the risk of myocardial infarction.
Studies have supported the fact that MBL has
central role in reperfusion injury, and this can even
blur its cardioprotective actions®. MBL deficiency
can reduce pathogen clearance and impair
atherogenic lipoprotein removal whereas higher
levels are associated with exaggerated immune
response due to complement activation in the
presence of hyperglycemia'®. All the above stated
studies have been conducted on different
populations around the world, but no study has been
conducted on Pakistani population.

The association of MBL with biomarkers like CRP,
Lipid profile, Creatinine, eGFR and HbAlc in type
2 diabetes largely remains unknown amongst our
population. We designed this study to characterize
MBL levels amongst the diabetic population and

comparing it to healthy controls. We also aimed to
find out the mean level of MBL in type 2 diabetics
and healthy population. MBL levels can thus be
used to stratify patients according to disease severity
and make therapeutic decisions easier for the
physicians. Ratio of Triglyceride to HDL-
Cholesterol which has been linked with CVD will
also be compared with MBL levels to predict
disease outcome in type 2 diabetics. Association of
MBL with glycemic control, kidney functions and
lipid profile parameters can help to identify high
risk patients at a much earlier stage.

MATERIAL AND METHODS

This study was conducted at Chughtai Institute of
Pathology from July 2019 to January 2020 after
approval from Institutional Review Board of CIP
under letter number CIP/IRB/1004. Sample size was
calculated by using the formula n = [DEFF*Np(1-
p)/ [(d2/Z221-0/2*(N-1)+p*(1-p)]from Open Epi,
Version 3, open source calculator with 95%CI.This
was a cross sectional study . Two hundred subjects
with type 2 Diabetes Mellitus diagnosed according
to the criteria laid by American Diabetes
Association along with one hundred healthy controls
were included in the study'' after explaining the
nature of the study to them and taking informed
consent. Diabetic patients with kidney diseases
other than diabetic nephropathy, malignancy,
familial hyperlipidemias and active infections were
excluded from the study. Fasting blood sample was
drawn from both groups and was immediately
brought to the laboratory for analysis or stored at
-20° C if early analysis was not possible. Blood
samples were analyzed for hs-CRP, HbAlc,
creatinine, Total Cholesterol, Alanine amino
transferase (ALT), HDL-C (HDL-Cholesterol),
LDL-C (LDL-Cholesterol), Glucose, Triglyceride,
and Mannose Binding lectin. All analytes except
MBL were measured at fully automated chemistry
analyzer (Abbott Alinity ci and Roche Cobas 6000).
Serum levels of MBL were measured using ELISA
(Enzyme  linked  immunoassay).  Estimated
Glomerular Filtration rate (eGFR) was the
calculated parameter. Data was analyzed via Graph
Pad Prism 5 and SPSS version 23.0.

RESULTS

Clinical And Demographic Features Of Both
Study Groups:

The diabetic group consisted of 200 cases including
80 females and 120 males and 100 healthy controls
consisted of 51 females and 49 males. Mean age of
the participants was 47.9 years (SEM 0.793) in
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diabetic group and 39.3 years (SEM 1.348) in
healthy controls. There was a significant difference
among the levels of HbAlc,Fasting Glucose, LDL-
C, TG, HDL-C, creatinine and eGFR the healthy
and diseased group.Mean Triglycerides/HDL ratio
in Diabetes group was 5.28 + 0.325 compared to
control 3.23 + 0.189. Gender frequency is given in
Fig-1 and Clinical variables in terms of means and
standard deviation (SD) in both study groups are
given in Table-1.

m/rrfi(l;1}:1R73m 10855 1 99.0& 0.000
2 : 2.008 1.403 ’
CRP 0.6+ 0.8+ NS
mg/dl 0.061 0.085
Creatinine 0.8+ 0.8+
mg/dl 0.023 0.170 0.032
ALT 30.9+ 36.5+ NS
U/L 1.728 1.982
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Fig-1: Age frequency in the Study Groups (percentage
frequency of age in years)

Clinical Control Diabetes
Variable (Mean (Mean & P — value
& SD) SD)
Fasting 89.7+ 149.9+ 0.000
glucose mg/dl 1.088 4.331 ’
5.2+ 7.9+
HbAlc 0.030 0137 0.000
Mannose
Binding 110.1+ 197.9+
Lectin 3.944 12.840 0.000
pg/ml
Total
172.7+ 180.2+
cholesterol 3369 3171 NS
mg/dl
LDL 117.7+ 121.0+ NS
mg/dl 3.420 2.860
HDL 41.5+ 38.3+
mg/dl 0.834 0.680 0.005
Non-HDL 132.8+ 141.7+ NS
mg/dl 3.719 3.049
Triglycerides 123.3+ 181.0+ 0.000
mg/dl 5.424 8.218 ’

Table-1: Clinical Variables in Type 2 Diabetics and
Healthy Controls

Mannose Binding Lectin In Study Groups And
Diabetic Sub Groups:

In our study baseline serum Mannose Binding
Lectin in healthy control group ranged between 43
and 178pg/ml whereas in Diabetes group it ranged
between 78 and 1291pg/ml (Mean values and SDs
are given in Table 1). Mann Whitney test showed
that MBL was significantly elevated in diabetic
group as compared to healthy controls. Distribution
of MBL on the basis of age and gender is given in
Figure 2. The onset of pre-diabetes and diabetes
among Pakistan population has been reported
around 40 years®*. Hence, we used 40 years as the
cut-off age to further analyze the concentration of
MBL among the diabetics (Fig-2 C).
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Fig-2: Distribution of Mannose Binding Lectin in

study population.

(A) MBL Is Significantly Elevated In Diabetic
Patients Compared To Healthy Controls.

(B) No Difference in Gender Distribution in Diabetic
Patients.

(C) Significant Differences Based On Age (40 Years
Old Cut-Off) (Mann Whitney Test, NS: Non-
Significant)




Characterization of Mannose Binding Lectin (MBL) Levels in Type-2 Diabetes Mellitus Patients Amongst ...

Correlation of MBL with Age and Clinical
Parameters amongst Study Groups:

Correlation between the study groups was found
with the help of Spearman non parametric
correlation coefficient. In healthy controls, MBL
was negatively correlated with age (A), plasma
glucose (B) and positively correlated with HDL-
Cholesterol (C) (Fig-3). Except correlation with
plasma glucose which was highly significant, all
other correlations were modest but still significant

(Fig-3).
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Fig-3: Correlation of Mannose Binding Lectin with
Age, Glucose and HDL-C in Healthy controls

Albeit weak, sera levels of MBL significantly
inversely correlate with HbAlc, plasma glucose,
triglycerides and Triglyceride/HDL ratio in diabetic
patients (Figure 4). There was no correlation of
MBL with other clinical parameters like ALT,
creatinine, eGFR, Total cholesterol and LDL in both
healthy and diseased population.
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Fig-4: MBL correlation with clinical variables in

diabetic group

We further divided the diabetics into two sub groups
on the basis of a cut off level of MBL of 178 pg/ml
i.e. Diabetic patients with MBL less than 178pg/ml
(D1) and Diabetic patients with MBL more than
178pg/ml (D2) as there was no overlap of MBL
values above 178pg/ml in both study groups. We
then compared the clinical parameters between the
divided diabetic group and healthy controls. There
was a positive correlation of HbA1C with MBL in
diabetic patients having MBL above 178pg/ml and
there was a significant difference between the MBL
levels of the male and females using 178pg/ml as
the cut off. Also, there was a significant difference
in the fasting Plasma Glucose, Triglyceride and
HbAlc levels between the healthy controls and two
diabetes subgroups, within the subgroups, with D1
having higher HbAlc as compared to D2. CRP was
significantly higher in D1 as compared to D2 and
healthy controls but no significant difference was
found between the CRP levels of D2 and controls
i.e. CRP in the healthy population resembles levels
in patients with elevated MBL. Only the ratio
Trig/HDL 1is higher in the above 178pg/ml (D2)
compared to the below 178 pg/ml group (D1)

(Fig-5)
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Fig-5: Comparison of clinical parameters
between healthy controls and
diabetes subgroups on the basis of

MBL levels.
(*MBP {Mannose Binding Protein} can be used interchangeably
with MBL
*In this figure Group labelling has not been used. Group
description of D1 and D2 has been given instead)

DISCUSSION

Number of adult individuals with type 2 Diabetes
mellitus is increasing day by day in Pakistan with a
pooled prevalence of 13.7%!2. Diabetes affects the
quantity and quality of patient’s lives along with a
financial burden on the families. IDF Diabetes Atlas
2017 (International Diabetes Federation) ranks
Pakistan at 10™ position out of 221 countries of the
world with 7.5 million cases affected by Diabetes'.
The total number of diabetes cases is projected to
substantially surge in the coming years with
associated rise in CVD and kidney failure. All this
will produce substantial financial and monetary
burden on the community particularly in the
developing countries like Pakistan. There is an
utmost need to find a biomarker having a direct role
in the pathogenesis of DM and which can identify
patients at increased risk of developing
complications as a result of diabetes.

In our study we determined the serum MBL levels
in type 2 diabetes patients and healthy controls and
found a significant statistical difference between the
values of the two groups. This is in accordance with
the findings of Guan and his colleagues who stated
that there was a significant difference between the
MBL values of diabetic patients with nephropathy
as compared to healthy group'. Another study
mentioned that the serum MBL levels were more
elevated in diabetes patients with complications
suggesting that pathogenesis of diabetes related
complications have a direct relation with MBL",

Hansen with his colleagues followed diabetes
patients for 15 years and suggested that serum MBL
can prove to be a prognostic marker and provide
valuable information regarding development of
complications'®,

We also compared MBL levels in healthy controls
with CRP, HbAlc, creatinine and parameters of
lipid profile in which MBL showed negative
correlation with glucose and positive correlation
with HDL-C in healthy population. In our study a
positive correlation was seen between HbAlc and
serum MBL in diabetic group (cut off was 178pg/ml
serum MBL) which is similar to the findings given
by Guan et al who demonstrated a positive
correlation between HbAlc and MBL'". The
researchers in this study mentioned that there was a
significant statistical difference between the clinical
variables in the diabetic group and healthy controls
which is similar to the present study. Another study
shows parallel results with positive correlation of
MBL with HbAlc levels in diabetic patients'. This
was further elaborated in our study by comparing
the subgroups of diabetes with healthy controls
showing significant differences. We demonstrated
that patients with MBL>178pg/ml had CRP levels
similar to healthy controls. This is similar to the
findings of Hansen et al who reported that there was
no correlation of CRP levels with MBL among the
diabetics'®. A recent study showed that elevated
MBL depicts poor glycemic control and increased
risk of development of complications especially in
the presence of high levels of CRP".

Serum MBL levels can induce the release of
inflammatory mediators cytokines like TNF-alpha
along with IL-1 and IL-6'%. Decreased MBL levels
are associated with insulin resistance, increased
body weight and can have a modifying effect on
inflammatory response'*2°.

We demonstrated a significantly higher triglyceride
to HDL ratio in the diabetic population having MBL
above 178pg/ml. Studies reveal that Trig/HDL-C
ratio has a strong association with extent of
coronary artery disease and is proved to be an
independent predictor of myocardial injury?!. This
ratio has also been evaluated to predict glycemic
control among type 2 diabetes patients and was
found to be significantly positively correlated with
HbAlc levels higher than 7% *2. The findings of
our study with positive correlation of higher MBL
levels with HbAlc and Trig/HDL ratio may point
towards the association of MBL with increasing risk
of cardiovascular disease amongst diabetics with
higher MBL levels. This has been postulated in
other studies as well in which a higher MBL has
been reported in type 1 diabetic patients with history
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of cardiovascular disease and higher MBL levels
have been associated with greater risk of
development of atherosclerosis'®?. There is also
evidence that MBL has a major contributing role in
reperfusion injury in type 2 cardiac pathology with
reports of decreased myocardial infarct size when
treatment with complement inhibitors was
initiated®. A recent study investigated the
association between MBL and CVD among diabetic
population and found that both elevated serum MBL
levels and increased expression of MBL genotype
are an independent risk factor for development of
CVD in type 2 diabetes patients™.

Biological linkage between MBL and pathogenesis
of diabetes is still unclear; complement activation
can play a protective role and MBL can promote
anti-inflammatory actions in association with
apoptotic cell clearance %°. On the other hand, it can
exacerbate inflammatory tissue damage which its
activity is not regulated ?’. Not all the patients with
diabetes develop complications suggesting that
factors other than glycemic control are required for
the development of complications. In our study
there was a significant distinct difference in the
serum MBL levels of healthy population and type 2
diabetics which might suggest differences in MBL
genotype distribution. We demonstrated a negative
correlation of blood glucose levels with MBL
suggesting that in healthy controls MBL remains at
a lower level with tight glycemic control. In diabetic
group, patients with MBL greater than 178pg/ml
had a significant positive correlation with HbAlc
which shows that poor glycemic control can be
associated with increased MBL. Studies report that
carbohydrate recognition domains of MBL may
show less efficiency with poor glycemic control and
there is compromised complement activation %%, In
our study CRP levels were mimicking healthy
population in diabetic group with higher MBL
levels which is similar to the findings of a recent
study in which the authors stated that MBL and
CRP may carry out different type of roles in
inflammatory activity'*. Complement activation in
diabetes  contribute to increased risk  of
complications in diabetes and MBL can exacerbate
this effect by playing major role in complement
regulation and initiation of oxidative stress. Also,
MBL related enzymes can have a triggering effect
on coagulation cascade and this result in increased
risk of complications®. MBL can identify patients
who are at a greater risk of developing nephropathy.
MBL estimation can be an important addition to the
currently available tests for diabetes. Studies have
shown that elevated MBL levels had a greater
discriminatory ability than CRP, HbAlc and

creatinine to predict diabetic nephropathy with an
AUC of 0.809 (95%CI, 0.769-0.848) ' . Hansen et
al reported that MBL alone can provide valuable
prognostic  information on  mortality and
development of nephropathy 7. MBL levels depend
predominantly on genotype and this can be used to
stratify patients by simply analyzing genotypes of
patients at an earlier stage. It has been found that
renal functions deteriorate more rapidly in patients
with high MBL genotype expression and thus an
estimation of genotype and be used to stratify
diabetics into high risk and low risk cases *

Our study had some limitations also. The medical
history of patients was not collected related to past
medical events, family history, medication history
and all these can alter MBL levels among patients.
We suggest serial measurement of MBL which can
help in risk stratification of type 2 diabetes patients.
Further studies in our population can help health
care physicians to predict risk of complications in
diabetic population and whether changes in
treatment can alter MBL levels indirectly denoting a
better patient outcome. MBL values given in the
study needs to be confirmed by further studies
because the MBL levels, although high, are not the
same in different populations of the world. Reasons
might be the different kits used, study conducted on
different set of population, different environmental
and genetic factors, all of which have to be further
elaborated.

CONCLUSION

Both increased and decreased MBL levels have a
role in pathophysiology of diabetes mellitus. We
found that serum MBL was significantly higher in
the diabetic group as compared to healthy controls
and diabetic patients with elevated MBL having
positive  correlation with HbAlc  showing
association of glycemic control with MBL levels. A
direct relationship of MBL with development of
cardiovascular complications in type 2 diabetics was
suggested by a positive association of MBL with TG
to HDL-C ratio. High risk groups can be identified
by analyzing MBL in laboratory as MBL levels vary
significantly based on glycemic control and lipid
profile parameters.

REFERENCES

1. Ricklin D., Lambris J. D. Complement in immune
and inflammatory disorders: pathophysiological
mechanisms. Journaloflmmunology. 2013;190(8):38
313838.d0i:10.4049/jimmunol.1203487. [PMCfreear
ticle] [PubMed] [CrossRef] [Google Scholar]

2. Degn S. E., Thiel S. Humoral pattern recognition and
the complement system. Scandinavian Journal of




Characterization of Mannose Binding Lectin (MBL) Levels in Type-2 Diabetes Mellitus Patients Amongst ...

10.

11.

12.

13.

Immunology. 2013;78(2):181193.doi:10.1111/sji.120
70. [PubMed] [CrossRef] [Google Scholar]

Luo J, Li L, Chang B, Zhu Z, Deng F, Hu M, et al.
Mannan-Binding Lectin via Interaction With Cell

Surface Calreticulin Promotes Senescence of
Activated Hepatic Stellate Cells to Limit Liver
Fibrosis Progression. Cell Mol Gastroenterol
Hepatol. 2022;14(1):75-99. doi:

10.1016/j.jemgh.2022.03.011. Epub 2022 Apr 2.
PMID: 35381393; PMCID: PMC9117817.
Panagiotou A, Trendelenburg M and Osthoff M
(2018) The Lectin Pathway of Complement in
Myocardial Ischemia/Reperfusion Injury—Review
of Its Significance and the Potential Impact of
Therapeutic Interference by C1 Esterase Inhibitor.
Front. Immunol. 9:1151. doi:
10.3389/fimmu.2018.01151

Khalid M, Petroianu G, Adem A. Advanced
Glycation End Products and Diabetes Mellitus:
Mechanisms and Perspectives. Biomolecules. 2022
Apr  4;12(4):542. doi: 10.3390/biom12040542.
PMID: 35454131; PMCID: PMC9030615.

Hansen T. K., Tarnow L., Thiel S., et al. Association
between mannose-binding lectin and vascular
complications in type 1
diabetes. Diabetes. 2004;53(6):1570-1576. doi:
10.2337/diabetes.53.6.1570. [PubMed]

[CrossRef] [Google Scholar].

Stanimirovic J, Radovanovic J, Banjac K, Obradovic
M, Essack M, Zafirovic S, Gluvic Z, Gojobori T,
Isenovic ER. Role of C-Reactive Protein in Diabetic
Inflammation. Mediators Inflamm. 2022 May
17;2022:3706508.  doi:  10.1155/2022/3706508.
PMID: 35620114; PMCID: PMC9129992.

Vengen IT, Madsen HO, Garred P, Platou C, Vatten
L, Videm V. Mannose-binding lectin deficiency is
associated with myocardial infarction: the HUNT2
study in Norway. PLoS One 2012;7: e42113
Ostergaard JA, Thiel S, Lajer M, et al. Increased all-
causemortality in patients with type 1 diabetes and
high-expression mannan-binding lectin genotypes: a
12-year  follow-up  study. Diabetes  Care
2015;38:1898-1903

Hertle E, Arts IC, van der Kallen CJ, et al. Distinct
longitudinal associations of MBL, MASP1, MASP-
2, MASP-3, and MAp44 with endothelial
dysfunction and intima-media thickness: the Cohort
on Diabetes and Atherosclerosis Maastricht
(CODAM) Study. Arterioscler Thromb Vasc Biol
2016;36:1278-1285

American Diabetes Association Diabetes Care Jan
2015, 38 (Supplement 1) S8-S16; DOI:
10.2337/dc15-S00

Adnan, M. and Aasim, M., 2020. Prevalence of Type
2 Diabetes Mellitus in Adult Population of Pakistan:
A Meta-Analysis of Prospective Cross-Sectional
Surveys. Annals of Global Health, 86(1), p.7.
DOI: http://doi.org/10.5334/a0gh.2679

International Diabetes Federation [Internet]. IDF
Diabetes Atlas, 8th edition. Brussels, Belgium:

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

InternationalDiabetesFederation. http:/www.diabetesat
las.org. Accessed November 4, 2020

. Guan L-Z, Tong Q, Xu J (2015) Elevated Serum

Levels of Mannose-Binding Lectin and Diabetic
Nephropathy in Type 2 Diabetes. PLoS ONE 10(3):
€0119699. doi:10.1371/journal.pone.0119699
Hansen TK, Thiel S, Knudsen ST, Gravholt CH,
Christiansen JS, Mogensen CE, et al. Elevated levels
of mannan-binding lectin in patients with type 1
diabetes. J Clin Endocrinol Metab. 2003; 88: 4857—
4861. PMID: 14557465

Hansen TK, Tarnow L, Thiel S, Steffensen R,
Stehouwer CD, et al. (2004) Association between
mannose-binding lectin and vascular complications
in type 1 diabetes. Diabetes 53: 1570—-1576.

Hansen TK, Gall MA, Tarnow L, Thiel S, Stehouwer
CD, et al. (2006) Mannose-binding lectin and
mortality in type 2 diabetes. Arch Intern Med 166:
2007-2013.

Kany S, Vollrath JT, Relja B. Cytokines in
Inflammatory Disease. Int J Mol Sci. 2019 Nov
28;20(23):6008. doi: 10.3390/ijms20236008. PMID:
31795299; PMCID: PMC6929211.

Hoyem PH, Bruun JM, Pedersen SB, Thiel S,
Richelsen B, Christiansen JS, Hansen TK. The effect
of weight loss on serum mannose-binding lectin
levels. Clin Dev Immunol. 2012;2012:354894. doi:
10.1155/2012/354894. Epub 2012 Nov 14. PMID:
23227084; PMCID: PMC3511836.

Muller YL, Hanson RL, Bian L, Mack J, Shi X, et al.
(2010) Functional variants in MBL2 are associated
with type 2 diabetes and pre-diabetes traits in Pima
Indians and the old order Amish. Diabetes 59: 2080—
2085

Kosmas, C.E.; Rodriguez Polanco, S.; Bousvarou,
M.D.; Papakonstantinou, E.J.; Pefia Genao, E.;
Guzman, E.; Kostara, C.E. The Triglyceride/High-
Density Lipoprotein Cholesterol (TG/HDL-C) Ratio
as a Risk Marker for Metabolic Syndrome and
Cardiovascular Disease. Diagnostics 2023, 13, 929.
https://doi.org/10.3390/diagnostics 13050929.

Babic N, Valjevac A, Zaciragic A, Avdagic N, Zukic
S, Hasic S. The Triglyceride/HDL Ratio and
Triglyceride Glucose Index as Predictors of
Glycemic Control in Patients with Diabetes Mellitus
Type 2. Medical Archives. 2019;73(3):163.
Pagowska-Klimek I, Cedzynski M. Mannan-Binding
Lectin in Cardiovascular Disease. BioMed Research
International. 2014;2014:1-13.

La Bonte LR, Dokken B, Davis-Gorman G, Stahl
GL, McDonagh PF. The mannose-binding lectin
pathway is a significant contributor to reperfusion
injury in the type 2 diabetic heart. Diab Vasc Dis
Res.2009;6(3):172180.d0i:10.1177/14791641093360
51

Gedebjerg A, Bjerre M, Kjaergaard A, Steffensen R,
Nielsen J, Rungby J et al. Mannose-Binding Lectin
and Risk of Cardiovascular Events and Mortality in
Type 2 Diabetes: A Danish Cohort Study. Diabetes
Care. 2020;43(9):2190-2198.




Characterization of Mannose Binding Lectin (MBL) Levels in Type-2 Diabetes Mellitus Patients Amongst ...

26. Stienstra R, Dijk W, Jansen H, Tack CJ, Kersten S.
PS15 - 75. mannose binding lectin is required for the
effective clearance of apoptotic cells by adipose
tissue macrophages during obesity. Nederlands
Tijdschrift voor Diabetologie. 2012;10(3):152-3.

27. Auriti C, Prencipe G, Moriondo M, Bersani I,
Bertaina C, Mondi V, et al. Mannose-binding lectin:
Biologic characteristics and role in the susceptibility
to infections and ischemia-reperfusion related injury
in critically ill neonates. Journal of Immunology
Research.2017;2017:1-11.
https:/doi.org/10.1155/2017/7045630

28. llyas R, Wallis R, Soilleux EJ, Townsend P, Zehnder
D, Tan BK, et al. High glucose disrupts
oligosaccharide recognition function via competitive
inhibition: a potential mechanism for immune
dysregulation in diabetes mellitus. Immunobiology.
2011;216:126-131.doi: 10.1016/j.imbi0.2010.06.002
PMID: 20674073

29. Liang RA, Hpeiland II, Ueland T, Aukrust P, Snir O,
Hindberg K, et al. Plasma levels of mannose-binding
lectin and future risk of venous thromboembolism.
Journal of Thrombosis and  Haemostasis.
2019;17(10):1661-9.

30. Derflinger GH, Hoyem PH, Laugesen E, Ostergaard
JA, Funck KL, Steffensen R, et al. High MBL-
expressing  genotypes are  associated  with
deterioration in renal function in type 2 diabetes.
Frontiers in Immunology. 2022;13.
https://doi.org/10.3389/fimmu.2022.1080388

The Authors:

Dr. Hijab Batool,

Consultant Pathologist,

Department of Clinical Chemistry and Immunology,
Chughtai Institute of Pathology,

Dr. Muhammad Dilawar Khan,

Professor of Chemical Pathology,

Department of Clinical Chemistry and Immunology,
Chughtai Institute of Pathology,

Dr. Omar Rasheed Chughtai,
Assistant Professor of Histopathology,
Director Operations,

Chughtai Institute of Pathology,

Sana Rafaqat,

Medical Technologist,

Department of Clinical Chemistry and Immunology,
Chughtai Institute of Pathology,

Dr. Fouzia Sadiq,

Research Director,

Shifa Tameer-e-Millat University,

Pitras Bukhari Road, Islamabad, Pakistan,

Dr. Hafiz Muhammad Bilal,

Resident Pathologist,

Department of Clinical Chemistry and Immunology,
Chughtai Institute of Pathology,

Corresponding Author:

Dr. Hijab Batool,

Consultant Pathologist,

Department of Clinical Chemistry and Immunology,
Chughtai Institute of Pathology.

Email: dr.hijabbatool@cll.edu.pk




