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Low levels of serum complement factor H is associated with
increasing progression of bronchiectasis

Abubakar Shettima1,*, MuhammadM. Ibrahim2

ABSTRACT
Introduction: Complement Factor H (CFH) is the major soluble regulatory protein that monitors
activation and/or amplification of the complement system. Here, we assess serum levels of com-
plement factor H (CFH) among patients, who were diagnosed with bronchiectasis. Methods: 115
subjects of 80 patients and 35 healthy volunteers were recruited for the study. Blood samples were
collected and subjected to centrifugation in order to obtain the serum. The sensitive sandwich
ELISA technique, specific for CFH was used for evaluation of CFH in the serum. Results: The age
and Body Mass Index (BMI) (expressed as Mean±SEM (range)) of the observed bronchiectasis pa-
tients and healthy volunteerswere 66± 1.13, (30-86) years, 54± 2.37 (27-84) years and 26.14 kg/m2 ,
27.4 kg/m2 respectively. CFH was detected in 27.0% of all subjects examined. It was found to be
more common among bronchiectasis patients (18.26%) compared to healthy volunteers (8.70%)
(F=0.9362; df=1; p<0.05). Mean CFH concentration was 17.0pg/ml and 9.0pg/ml in bronchiectasis
patients and healthy volunteers respectively. FEV1% Pre. FEV1/VC% and CFH levels were found
to decrease with increasing severity of bronchiectasis. The association between lung function,
CFH levels and severity of disease among bronchiectasis patients was negative, strongly linear (r=
−0.9316, r2 =0.8678) and statistically significant (p<0.0001). Conclusion: As such, it can be inferred
that low level of compliment factor H is related to the progression of bronchiectasis.
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INTRODUCTION
Bronchiectasis is a chronic disease and aetiologically
heterogeneous, which is characterized by a vicious
circle of impaired mucociliary clearance, bronchial
infection and inflammation, resulting in a struc-
turally abnormal and permanently widened airways1.
Pathologically, it is the depiction of lung damage,
such as inflamed thick bronchial wall and dilated
bronchi. Such damage can have different causes that
can be either inherited or acquired, both of which
result in inflammation and infection. Following the
introduction of antibiotic therapy and immunization
programs in the developed countries, post-infectious
damage (as a result of a virus, or bacteria, similar to tu-
berculosis and non-tuberculous mycobacterial infec-
tion) is no longer the common culprit of bronchiecta-
sis. It is still, cystic fibrosis remains themost common
cause of inherited bronchiectasis in white Caucasians.
Regardless of the primary cause, bacterial species are
found to colonize the respiratory tracts o f patients
with bronchiectasis2.
A prevalence rate of 0.7% was reported in a study,
consisting of 27,258 individuals diagnosed with
bronchiectasis. The overall incidence rate was 18

cases/100,000 person s in 2004, and 32 cases/100,000
persons in the UK in the year 2011. The trend of the
prevalencewas higher in older age group (greater than
60 years of age) and was shown to be higher among
women than men3. Bronchiectasis has been associ-
ated with deficiencies in immunoglobulin, comple-
ment proteins and chronic granulomatous diseases.
IgG, IgM and IgA deficiency has been reported to in-
crease patient risk of recurrent pulmonary infections,
that eventually resulted in bronchiectasis4. α1 Antit-
rypsin (AAT) absence, or its deficiency was strongly
correlated with air way infection in bronchiectasis5.
Complement factor H (CFH)/factor H (FH), a type
of soluble complement protein which is activated
through an alternative pathway is one of the most
significant plasma inhibitors, that regulates comple-
ment activation in solution by binding and protect-
ing host cells. It is described as a linear glycopro-
tein of approximately 155 KDa, consisting of twenty
globular domains, known as complement control pro-
tein (CCP), or short consensus repeat (SCR), or short
complement regulator domain. CFH prevents the
complement cascade by blocking activating binding
sites in C3b, which acts as a cofactor for factor I, a
serum protease that cleaves and inactivates C3b6,7.

Cite this article : Shettima A, Ibrahim M M. Low levels of serum complement factor H is associated 
with increasing progression of bronchiectasis. Biomed. Res. Ther.; 6(7):3286-3292.

3286

Original Research

Apr 07, 2019
Jun 11, 2019
Jul 07, 2019

https://doi.org/10.15419/bmrat.v6i7.555

https://0-crossmark-crossref-org.wam.leeds.ac.uk/dialog/?doi=10.15419/bmrat.v6i7.555&domain=pdf&date_stamp=2019-07-07


Biomedical Research and Therapy, 6(7):3286-3292

The CFH coding gene is located on the chromosome
1q32 within the Regulation of Complement Activa-
tion (RCA) gene cluster. It is expressed in the liver and
systematically circulates in the body fluids. It is also
produced outside the liver by many different types of
cells which includes monocytes, fibroblast, endothe-
lial cells, keratinocytes, thrombocytes and retinal pig-
ment epithelial cells8.
Deficiency of CFH may lead to uncontrolled acti-
vation of the alternative pathway (AP) with resul-
tant reduction of plasma C3 9. As the lack of factor
H also correlates to low levels of C3, factor H defi-
ciency can also be associated with higher suscepti-
bility to infectious diseases 10. Bystander damage in
host cells and tissues can occur as a result of com-
plement activation, because CFH and membrane-
associated proteins have evolved to regulate and con-
trol the system11. Therefore, if CFH levels are ab-
normally low, this could result in a lower threshold
for activation of the complement system. This is a
consequence of oxidative stress, leading to increased
likelihood of autoantibody-mediated lung destruc-
tion. C3 glomerulopathy (C3G), atypical haemolytic
uremic syndrome (aHUS), IgA nephropathy (IgAN),
systemic lupus erythematous (SLE), and age-related
macular degeneration (AMD) — all are the diseases,
associated with genetic variations in the CFH related
proteins12.
Considering the association between levels of com-
plement factor H in blood and the optimal regula-
tion of the immune response, we chose to investi-
gate serumCFH levels among bronchiectasis patients.
We hypothesize that the progression of bronchiectasis
disease is associated with lower levels of CFH in sera.
This could lead to an uncontrolled activation of the
complement system, making the host more suscepti-
ble to infection, paving the way for the aggravation of
bronchiectasis disease.

MATERIAL-METHODS
Study population and Sample collection
This is a cross-sectional study, where 115 subjects
were randomly selected. 80 subjects were patients,
diagnosed with bronchiectasis, attending Sir William
Leech Centre for Lung Research, Freeman Hospital,
UK. 35 subjects were healthy volunteers. After col-
lection of the whole blood samples from subjects, the
samples were allowed clotting by leaving them undis-
turbed at room temperature. This usually takes 15 –
30 minutes. The clot was removed by centrifuging
at 1,000 – 2,000 x g for 10 minutes in a refrigerated
centrifuge13. The resulting supernatant is the serum,
which was collected and used for the study.

Enzyme-Linked Immunorsorbent Assay
(ELISA)
A sandwich ELISA kit, specific for CFH was used
to determine the levels of CFH in serum from both
patients and control. A Sino Biological ELISA pair
set (SEK 10714) was used for the purpose of this
research; it is an expression of a solid phase sand-
wich ELISA. It employs CFH specific monoclonal an-
tibody, coated on a 96-well plate. Both serum sam-
ples and standards were added to the wells, using ap-
propriate dilutions and CFH binds to the immobi-
lized antibody if present. The wells were then washed
and a mouse anti-CFH monoclonal antibody, con-
jugated to horseradish peroxidase (HRP) was added,
hence antibody antigen antibody sandwich. The wells
are again washed for the third time and a 3, 3’, 5, 5’-
Tetramethylbenzidine (TMB) substrate solution was
added. This produces colour, proportional to the
amount of CFH, present in the sample. The stop solu-
tion was then added and the optical density was read
at 450nm.
A standard curve was plotted for each standard on the
y-axis against the concentration on the x-axis. The
concentration of the CFH for each sample was deter-
mined by identifying the mean absorbance value on
the y-axis. A horizontal line was drawn to the stan-
dard curve; at the point of intersection, a vertical line
was drawn on the x-axis and the concentration was
read. We then multiplied the concentration by the
dilution factor, that had been used to get the overall
CFH concentration in each sample and control.

Statistical Analysis
The results were analysed, using analysis of vari-
ance (ANOVA), included in Microsoft excel statisti-
cal package. Pearson correlation analysis was carried
out accordingly and all analyses were considered at a
significance level of 0.05.

Ethical approval
Ethical approval was obtained from the Nation al
Research Ethics Service, UK (Reference number:
12/NE/0248).

RESULTS
CFH was detected in 31 (27.0%) of the 115 subjects
examined. It was more common among bronchiecta-
sis patients (18.26%), compared to the healthy volun-
teers (8.70%). Differences between bronchiectasis pa-
tients and healthy volunteers in relation to CFH levels
w ere statistically significant (F=0.9362; df=1; p<0.05)
(Table 1).
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Table 1: Percentage rate of detection of Compliment Factor H (CFH) among subjects

CFH (pg/ml) Subjects Total (%)

Bronchiectasis Patients (%) Healthy Volunteers (%)

Detected 21 (18.26) 10 (8.70) 31 (27.00)

Not detected 59 (51.30) 25 (21.70) 84 (73.00)

Total (%) 80 (70.00) 35 (30.00) 115 (100)

(F=0.9362; df=1; p<0.05)

CFH concentration was determined by plotting the
mean absorbance (nm) against sample concentration
(ml). Final CFH concentration (pg/ml) was the prod-
uct of observed concentration and the sample dilution
factor. The standard curves used to calculate the CFH
concentrations are shown in Figure 1. The sample
concentration was found to be directly proportional
to the zero standard subtracted optical density.
Mean CFH concentration observed was 17.0 pg/ml
and 9.0 pg/ml for bronchiectasis patients and healthy
volunteers respectively. The maximum concentra-
tion being 226 pg/ml and 108 pg/ml for bronchiecta-
sis patients and healthy volunteers respectively, while
the minimum concentration was 0.00pg/ml for both
groups (Figure 1 Table 2).
The demographic properties of the subjects were
expressed as mean±SEM. The age of subjects was
comparatively higher among bronchiectasis patients
(66±1.13) than healthy volunteers (54±2.37). The
correlation between CFH levels and Age of subjects
was weak (r=0.09483; r2 =0.008994 for bronchiec-
tasis patients. r=0.09579; r2 =0.009176 for healthy
volunteers) and statistically not significant (p>0.05);
Body Mass Index was higher among healthy vol-
unteers (27.0±0.85) than bronchiectasis patients
(26.14±0.67). The correlation between CFH levels
and BMI among bronchiectasis patients was weak
and linear (r=0.03969; r2 =0.001575), but statisti-
cally not significant (p>0.05); However, the corre-
lation between CFH levels and BMI among healthy
volunteers was linear, moderately positive (r=0.4755;
r2 =0.2261) and was statistically significant (p>0.05).
FEV1/VC% was higher among the healthy volunteers
(82.0±1.54) than bronchiectasis patients (66.2±1.63)
and serum CFH was higher among the bronchiecta-
sis patients (17±4.9), relative to healthy volunteers
(9±3.71) (Table 3).
The lung function test shows, that compared to the
healthy volunteers, among bronchiectasis patients
FEV1% decreases with increasing severity of the dis-
ease. CFH levels also decrease with increasing sever-
ity of the disease among bronchiectasis patients, com-
pared to healthy volunteers. The association be-
tween CFH levels and severity of disease among

bronchiectasis patients was negative, perfectly linear
(r= -0.9316, r2 =0.8678) and statistically significant
(p<0.0001) (Figure 3).

DISCUSSION
The pivotal role, played by CFH in the regulation of
complement activity in a host cannot be overempha-
sized. A change in the optimal activity of Factor H
can lead to various clinicalmanifestations. High levels
of factor H may lead to an under-activation, resulting
in reduced complement activity on pathogenic cells,
which increases host susceptibility to infections. Low
levels of factor Hmay enable an over-activation, lead-
ing to an increased complement activity on healthy
host cells. Such activity result s in an inflammation
and/or autoimmune diseases, both are quite detri-
mental to the host. In this study, no trace of CFH
was detected in 73.80% of the examined bronchiec-
tasis patients. The average concentration detected
(17.0pg/ml) among bronchiectasis patients (18.20%)
was lower than the optimal level required for com-
plement regulation (116 – 562 µg/ml) in serum 14,15.
Low level of CFH is therefore reported in the diag-
nosed population. Thus, our hypothesis that patients
with bronchiectasis had low levels of serum CFH has
been supported. Low CFH levels contribute to an in-
creased risk of lung destruction, induced by a cycle of
chronic progressive inflammation.
Lower level of serum CFH is characterized by exces-
sive activation of the alternative pathway, probably
caused by both increased amounts of reactive oxygen
species (ROS) and reactive nitrogen species (RNS), re-
leased from leukocytes and macrophages. Those, in
turn, are involved in the inflammatory process, espe-
cially in the lungs of COPD subjects, which are the
consequences of oxidative stress16. It has also been
reported that low levels of CFH, or deficiencies may
result in an uncontrolled activation of the alternative
pathway, with a resultant decrease in plasma C3 lev-
els and its regulatory properties. This could trigger
susceptibility to infections and the destruction of host
cells in the lung as a result of hypersensitivity9.
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Figure 1: Mean absorbance (nm) or zero standard subtracted optical density plotted against CFH concen-
tration (pg/ml). Averagely, a linear relationship was observed as is evident across the four plates.

Table 2: Descriptive statistical analysis of CFH (pg/ml) concentration among bronchiectasis patients and
healthy volunteers

Variable Subjects

Bronchiectasis Patients Healthy Volunteers

Mean 17.0 9.0

Minimum 0.0 0.0

Maximum 226 108.0

Kurtosis 12.8 12.7

Skewness 3.5 3.3

Count 80.0 35.0

STD 44.0 22.0

Contrary findings have also been reported 17,18. It
was observed, that factor H and SC5b-9 levels in spu-
tum of stable chronic obstructive pulmonary disease
(COPD) patients were high; sputum CFH concen-
trations and CFH/protein ratio in asthmatic patients
were elevated. Genetic variation in the expression of
factor H gene could explain the differences observed
in the target population for the two studies. The sam-
ple type examined and sample size used could also be
factors.
It was observed that the relationship between serum
CFH levels and lung function among bronchiectasis
patients was inversely proportional. A decrease in

lung functionwas observedwith increasing severity of
bronchiectasis disease ; CFH levels also decrease with
increasing severity of bronchiectasis disease. The nor-
mal lung function and the establishment of lung ob-
struction and restriction vary due to the forced expira-
tory volume in one second FEV1% and vital capacity
(VC). According to NICE ’ s partial updated guide-
line on the assessment and classification of severity
of airflow obstruction, the diagnosis is made, when
FEV1/FVC is <0.7 and FEV1%predicted is <80%. The
severity is classified as mild (stage1), moderate (stage
2), severe (stage 3) and very severe (stage 4) with
≥ 80%, 50-79%, 30-49% and <30% FEV1% respec-
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Figure 2: Chart showing comparative CFH concentration levels between bronchiectasis patients (BE) and
the healthy volunteers (HV).

Figure 3: Relationship between bronchiectasis severity (expressed as FEV1%) and CFH concentrations in
serum (A). Graph illustrating patients diagnosed with bronchiectasis and the severity stages from 1- 4,
which representmild, moderate, severe and very severe respectively (B). Healthy volunteers showing lung
function of≥ 80%.

Table 3: Demographic properties of bronchiectasis patients and healthy volunteers
in relation to CFH concentration (pg/ml)

Variable Subjects

Bronchiectasis Patients Healthy Volunteers

Number of Subjects 80 35

Age, mean±SEM (range), years 66±1.13 (30-86) 54±2.37 (27-84)

Gender (male/female) 26/54 10/25

BMI, mean±SEM kg/m2 26.14±0.67 (16.4-40.5) 27.0±0.85 (20.70-36.70)

FEV1% Pre. mean±SEM (range) 68.0±3.05 (20.0-128.0) 111.2±2.06 (86.0-132.0)

FEV1/VC% mean±SEM (range) 66.2±1.63 (37.0-100.0) 82.0±1.54 (67.7-99.0)

Pack years, mean±SEM (range) 7.4±13.0 (0-50) 7.0±15.0 (0-50)

Serum CFH, mean±SEM pg/ml 17±4.9 9±3.71
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tively19. This study showed, that 17 bronchiectasis
patients had a severe lung obstruction (stage 3), while
a larger number of the patients hadmoderate (stage 2)
lung obstruction. The correlation between bronchiec-
tasis disease severity and decline in lung function was
statistically significant (P<0.0001), with a strong neg-
ative linear correlation (r =− 0.931).
The age distribution of participants in this study
ranges from 27 - 86 years and the mean averages
among bronchiectasis patients and healthy volunteers
were 66 and 54 years respectively. With respect to
the sex of subjects examined, it was observed that
the highest number of patients with bronchiectasis
were females. The study concurs with a 2012 report
which states, that females are at higher risk of devel-
oping respiratory linked conditions. Yet, the reason
is unknown20. Similar finding was reported in an
eight-year prevalence study in the UK, where it was
observed that the higher prevalence and incidence
rates of bronchiectasis were more common among
women3.
The classification of human Body M ass Index
(BMI) categorised individuals as underweight (≤ 20.0
kg/m2), normal weight (20.0-24.9 kg/m2), overweight
(25.0-29.9 kg/m2) and obese (≥30.0 kg/m2) 21. Sev-
eral studies have shown a strong association between
decrease in lung function and BMI. In this study,
the average BMI among bronchiectasis patients and
healthy volunteers was 26.16 kg/m2 and 27.0 kg/m2

respectively, all classified as overweight. BMI among
bronchiectasis patients indicate, that the majority of
them are overweight. Only one-third of healthy vol-
unteers were either overweight or obese. Although
the association between BMI and CFH levels was
not significant among bronchiectasis patients, it was
statistically significant among the healthy volunteers
(p<0.0126; r = 0.4755). An increase in BMI, as
observed in this study, was slightly associated with
decrease in lung function among bronchiectasis pa-
tients, which is in agreement with the Coronary
Artery RiskDevelopment in youngAdults (CARDIA)
study of 2008. The study found an established associ-
ation between increased BMI and lung function22.

CONCLUSIONS
In this study, we state that bronchiectasis is associated
with low levels of complement factor H in serum. We
have revealed, that lung function and serum levels of
complement factorH are inversely proportional to the
severity of bronchiectasis disease, and that increased
BMI among bronchiectasis patients is associated with
severe cases of the disease and decrease in lung func-
tion.
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