
200

Introduction
Hypersensitivity pneumonitis (HP) formerly recognized as 

extrinsic allergic alveolitis is the consequence of immunologi-
cally mediated type III and type IV hypersensitivity reaction 
caused by recurrent exposure to various inhaled antigenic 
stimuli, whether overt or occult1,2. Several studies incorporat-
ing clinical, radiological, and pathological findings have subse-
quently evolved but have not led to a consensus on the clinical 
definition of the disease. Vasakova et al.3 proposed two chief 
groups: acute/inflammatory and chronic/fibrotic HP.

The clinical characteristics of chronic HP can be indistin-
guishable from those of idiopathic interstitial pneumonia (IIP) 
particularly in the advanced stages and the histological fea-
tures on surgical lung biopsy may greatly overlap with those 
of usual interstitial pneumonia (UIP) and fibrotic nonspecific 
interstitial pneumonia4. Thus, timely identification of chronic 
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HP is crucial because evading the inciting antigen is the basis 
of therapy5,6. The presence of peribronchiolar interstitial fibro-
sis and limited bronchiolo-centric granuloma formation as-
sociated with a UIP or nonspecific interstitial pneumonia–like 
background is indicative of chronic HP7-10.

Several diagnostic tools are essential for making a definitive 
diagnosis of various interstitial lung diseases (ILDs), including 
IIPs11. Additionally, successive pulmonary function testing is 
largely used to check the clinical course of the disease and/
or predict the prognosis in patients with ILDs12. Conversely, 
there are various obstacles that have to do with the sensitivity 
and feasibility of performing repeated assessments; thus, rec-
ognition of serum biomarkers to assess and follow the course 
of ILD would greatly ameliorate contemporary diagnostic 
methods13-16. 

Krebs von den Lungen-6 (KL-6) is a circulating high mo-
lecular weight mucin-like glycoprotein, also categorized as 
MUC1, that is expressed primarily on the alveolar type II 
pneumocytes and the bronchial epithelial cells17,18. It is mark-
edly elevated in patients with ILD due to enhanced expres-
sion by the regenerating type II pneumocytes and increased 
permeability after damage of the alveolo-capillary barriers in 
the lungs affected19. 

Numerous reports have established that serum KL-6 is a 
robust prognosticator of consequences of treatment in sub-
jects with acute phases of ILDs and has also been linked to 
outcomes of survival in subjects with IIP6. However, there is 
limited data regarding the assessment of serum KL-6 levels in 
chronic HP as compared with other ILDs. 

Chronic HP was found to be associated with a further ex-
tensive lymphocytic infiltration of the alveoli as compared to 
interstitial pulmonary fibrosis (IPF)/UIP in a previous report17 
and Okamato et al.18 confirmed a strong correlation between 
serum KL-6 levels and the proportion of lymphocytes in 
bronchoalveolar lavage (BAL) and hence suggested that the 
augmented release of KL-6 into the circulation in chronic HP 
patients is attributable to impaired bronchial epithelial cells 
and increased permeability induced by the lymphocytic al-
veolitis18.

The aim of this study was to evaluate the clinical usefulness 
of serum KL-6 levels as a biomarker for the assessment of dis-
ease activity and management of HP.

Materials and Methods
Patients were recruited from the Department of Chest and 

Internal Medicine and outpatient clinics, Kasr El Ainy Hos-
pital, Cairo University, during the period between July 2017 
and February 2019. The study included 51 patients with HP. 
Chronic HP patients were retrospectively recruited being 
previously diagnosed as having chronic HP prior to enrol-
ment, but the acute HP patients were prospectively recruited. 

Informed consent was obtained from all participants prior to 
enrolment. Patients were included in the present study if they 
were between the age of 20 and 60 years and the diagnosis 
of HP was established on clinical examination, chest high-
resolution computed tomography (HRCT), spirometry, arte-
rial blood gas, echocardiography, 6-minute walk test (6MWT), 
BAL, and transbronchial lung biopsy (TBLB)19. Patients with 
other types of diffuse parenchymal lung diseases; patients 
with connective tissue diseases or with pulmonary artery 
pressure >40 mm Hg based on echocardiography; patients 
with bronchogenic carcinoma or other malignancy and pa-
tients with any organ failure were all excluded from the study.

All patients were subjected to detailed history including 
smoking history, or history of keeping birds, working in fields 
rich in moldy straw or grains, living in a home with water 
damage or using a hot tub, sauna, or swimming pool and 
other possible agents at home or work. The grade of dyspnea 
was evaluated using the modified Medical Research Council 
scale20. Laboratory investigations included complete blood 
count, liver and kidney function tests as well as arterial blood 
gases analysis.

1. Assessment of serum KL-6 levels

Commercially available Bioassay Technology Laboratory 
enzyme-linked immunosorbent assay kits were used to evalu-
ate the serum levels of human KL-6. 

2. Measurement of serum KL-6

Three milliliters of whole blood were collected in plain Va-
cutainer tubes (BD, Franklin Lakes, NJ, USA). Samples were 
permitted to clot for 10–20 minutes at room temperature. Va-
cutainer tubes were subjected to centrifugation at 2,000–3,000 
rpm for 20 minutes.

3. Assay procedure

All reagents, standard solutions and samples were prepared 
as instructed. The assay was carried out at room temperature. 
The number of strips required for the assay were determined 
and inserted into frames. The unused strips were stored at 
2–8°C. A 50 μL standard was added to the standard well. Forty 
microliters of samples were added to sample wells and then 
10 μL anti–KL-6 antibody were added to sample wells, fol-
lowed by 50 μL streptavidin–horseradish peroxidase which 
were added to sample wells and standard wells. Proper mix-
ing was performed. The plate was sealed and incubated for an 
hour at 37°C, after which it was unsealed and washed 5 times 
with a buffer. The wells were soaked with 0.35 mL wash buffer 
for 30 seconds to 1 minute for each wash. Blotting onto paper 
towels or another absorbent material was done.

Thereafter, 50 μL substrate solution A was inserted into 
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each well followed by the addition of 50 μL substrate solution 
B. The plate was resealed and incubated for an average of 10 
minutes at 37°C in a dark place. Fifty microliters of Stop Solu-
tion was then added to each well, and instant change of color 
from blue to yellow was observed. The optical density (OD 
value) of each well was determined immediately (within 30 
minutes) after addition of the stop solution, using a microplate 
reader adjusted at 450 nm. 

4. Calculation of results

A standard curve was created by plotting the average OD 
for each standard on the vertical (y) axis against the concen-
tration on the horizontal (x) axis and the best fit curve was 
drawn. The calculations were best accomplished by using 
computer-based curve-fitting software and the best fit line was 
determined using regression analysis. The concentration read 
from the standard curve was multiplied by the dilution factor, 
when the standard had been diluted.

5. Chest HRCT 

Scans were obtained at the end of inspiration and in a su-
pine position from the lung apices to the bases and findings 
were interpreted by a pulmonologist (an expertise in the field).

HRCT patterns distinctive for acute HP included a centri-
lobular diffuse micronodular pattern, ground-glass opacifica-
tion, and mosaic attenuation predominantly in upper and 
middle lobes21. 

The HRCT findings specific to chronic HP included fibro-
sis, namely reticulation, architectural distortion, and traction 
bronchiectasis with or without honeycomb change. The fibro-
sis may be patchy, peri-bronchovascular, or subpleural (mim-
icking UIP), and may occur in whichever zonal distribution22. 

The studied population was scanned for the presence or 
absence of parenchymal fibrosis. Parenchymal fibrosis was 
defined as the presence of irregular linear opacities, traction 
bronchiectasis, or honeycombing23. HRCT scans were further-
more evaluated for the presence or absence of ground-glass 
opacification, centrilobular nodules, and mosaic attenuation.

6. Pulmonary function test in the form of spirometry 

Spirometry parameters included: forced vital capacity per-
centage (FVC%), forced expiratory volume in 1 second (FEV1), 
FEV1/FVC, and maximal mid-expiratory flow (American Tho-
racic Society [ATS], 2017). Interpretation of spirometry was 
done according to the ATS 199424.

1) Six-minute walk test
The 6MWT was performed in all patients using the meth-

odology specified by the ATS (2002)25. The patients were 
instructed to walk as distant as possible for 6 minutes. The 

6MWT was carried out in a flat, 30 m long, covered corridor 
which was marked at every meter point. Recordings of heart 
rate and oxygen saturation were documented at the beginning 
and at the end of the 6MWT. When the test was completed, 
the elapsed distance was calculated.

2) Bronchoalveolar lavage 
BAL was performed on all patients after informed consent 

was attained. Analysis of BAL cell counts, culture, and cytol-
ogy was done. Review radiographs were performed prior to 
the procedure to define the best site of alveolar lavage. The 
bronchoscope, collection trap, and tubing were arranged. 
Supplementary oxygen and monitoring apparatus were also 
prepared and topical sedation with lidocaine 2% was applied.

The tip of the bronchoscope was advanced to the wedge in 
a desired subsegmental bronchus. Twenty microliters of sa-
line with a syringe was infused and observed at the distal tip. 
Gentle suction (50–80 mm Hg) was applied while maintain-
ing wedge position and the lavage specimen was collected in 
the collection trap. This was repeated for about 5 times. BAL 
specimens were promptly handled and the required tests 
were performed.

7. Transbronchial lung biopsy

A thorough endobronchial inspection of all segments of 
both lungs was conducted to exclude significant endobron-
chial abnormalities. A meticulous airway examination was 
done prior to the TBLB because bleeding after lung biopsy 
would interfere with appropriate airway examination. Appro-
priate control of cough with topical application of lidocaine 
was essential for ideal biopsy procedure and to decrease the 
risk of pneumothorax. The choice of biopsy site depended 
on radiological findings. The biopsy was performed from the 
dependent parts of the lungs; right or left lower lobes as was 
favored. In an event of bleeding, the blood is at least confined 
to this area before spilling into the other lobes. 

8. Technique

As soon as the biopsy site was selected, the bronchoscope 
was advanced onto the wedged position by biopsy forceps26.

Chest radiographs were performed within 6 hours of 
transbronchial biopsy in patients developing chest pain or 
inexplicable hypoxia to exclude pneumothorax. The patient 
was instructed to tell the staff if they experienced chest pain, 
hemoptysis, or dyspnea26.

9. Statistical methods

Data was coded and inserted using an SPSS version 25 (IBM 
Corp., Armonk, NY, USA). Data was reviewed using mean, 
standard deviation, median, minimum and maximum for 
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quantitative variables and frequencies (number of cases) and 
relative frequencies (percentages) for categorical variables. 
Comparisons between groups were done using analysis of 
variance (ANOVA) with multiple comparisons post-hoc test 
or unpaired t test in normally distributed quantitative vari-
ables while non-parametric Kruskal-Wallis test and Mann-
Whitney test were applied for non-normally distributed quan-
titative variables27. For comparing categorical data, chi-square 
test was performed. Fisher exact test was used alternatively 
when the expected frequency was less than 528. Correlations 
between quantitative variables were done using Spearman 
correlation coefficient29. p<0.05 was considered statistically 
significant.

Results
1. Patient characteristics

The demographic data of the HP patients in the present 
study are shown in Table 1. There was a female preponder-
ance among HP patients (84.2%).

According to the duration of symptoms patients were 
classified as acute (duration of symptoms <6 months) (8/51 
patients, 15.7%) and chronic (if duration of symptoms >6 
months) (43/51 patients, 84.3%). The symptoms considered 
were shortness of breath including exertional dyspnea and 
dry cough. In acute cases, there were additional symptoms 
considered such as fever and malaise; however, they were 
infrequently observed in our patients. Only the chronic HP 

patients (43/51) were already on treatment at the time of en-
rolment but the newly diagnosed acute HP who were enrolled 
had the KL-6 levels measured before initiation of therapy. The 
duration of steroid therapy ranged between 16 and 26 months 
(Table 2) and the dose of steroids ranged between 10 and 20 
mg/day prednisone in the fibrotic group and 20–40 mg/day in 
the non-fibrotic group. Only 15 patients were on dual therapy 
of steroids and azathioprine and the dose was 50 mg twice a 
day or three times a day.

Among a total of 51 HP patients: 35 (68.6%) had a history 
of bird exposure, six (11.8%) had a history of exposure to dif-
ferent antigens and in 19.6% of patients, the inciting antigen 
could not be detected (cryptogenic). Exposure history in-
cluded exposure to paints, detergents, plastic (plastic manu-
facturing), cotton and wool industry and one patient worked 
as a hairdresser. There was a significant difference between 
patients and controls regarding the different exposure history 
(p<0.001). 

2. Radiological findings on HRCT

Patients were divided into two groups: the fibrotic (52.9%) 
and non-fibrotic (47.1%) based on the presence or absence of 
parenchymal fibrosis on HRCT chest. The clinical characteris-
tics of the two groups are demonstrated in Table 2.

The radiologic features of the studied patients are shown 
in Table 2. All patients in the fibrotic group (100%) showed 
irregular linear opacities; however, traction bronchiectasis 
and honeycombing were observed in 77.8% and 11.1%, re-
spectively. The HRCT findings of ground-glass opacification, 
centrilobular nodules, and mosaic attenuation were observed 
in both groups but the differences were not significant. 

3. Comparison of pulmonary function tests among 
fibrotic and non-fibrotic HP patients

When evaluating pulmonary function tests and oxygen 
requirement among HP patients, FVC (% of predicted) 
was found to be significantly lower in the fibrotic group 
as compared to non-fibrotic group (52.48%±11.30% and 
69.17%±12.88%, respectively; p<0.001), however, FEV1/
FVC ratio was almost comparable between the two groups 
(84.22±8.20 and 82.21±11.13, respectively; p=0.462) (Table 2). 
The fibrotic group exhibited significantly lower partial pres-
sure of arterial oxygen (mm Hg) and saturation of arterial oxy-
gen (%) as compared to the non-fibrotic group (p=0.009 and 
p=0.025, respectively). Only 13 out of a total of 51 HP patients 
(25.5%) required oxygen therapy and 74.5% were non-oxygen 
dependent.

Table 1. Demographic characteristics of the HP patients 

No. (%) (n=51)

Age (mean±SD), yr 39.84±11.65

Sex

   Male 9 (17.6)

   Female 42 (82.4)

Smoker

   Yes 4 (7.8)

   No 47 (92.2)

Residency

   Urban 22 (43.1)

   Rural 29 (56.9)

Exposure

   Birds 35 (68.6)

   Cryptogenic 10 (19.6)

   Others 6 (11.8)

HP: hypersensitivity pneumonitis; SD: standard deviation. 
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4. Evaluation of serum KL-6 levels in HP patients and 
the effect of therapy

The median serum KL-6 levels in fibrotic HP group (1,200 
IU/mL) and non-fibrotic group (1,900 IU/mL) were signifi-
cantly higher than the control group (140 IU/mL) with a 
p<0.001. Post-hoc analysis using the Kruskal-Wallis test re-
vealed a significant difference of serum KL-6 levels between 
fibrotic and non-fibrotic HP with a p=0.02. A significant as-
sociation was also found between duration of symptoms 
and serum KL-6 levels with higher values being observed 
among those patients with duration of symptoms of less than 
6 months (median, 2,050 IU/mL) as compared to HP patients 
with symptoms for more than 6 months (median, 1,300 IU/
mL) with a p-value of 0.012 (Table 3).

Patients on immunosuppressive therapy showed signifi-
cantly lower median KL-6 levels as compared to those not 
on treatment (1,200 IU/mL and 1,900 IU/mL respectively; 
p<0.001) (Table 3). KL-6 levels did not differ significantly be-

tween patients on steroids-only regimen and those on dual 
therapy of steroids and azathioprine (Table 3). However, there 
was a significant inverse correlation between serum KL-6 lev-
els and the dose and the duration of steroid therapy (r=–0.334, 
p=0.017 and r=–0.442, p=0.001, respectively).

When comparing serum KL-6 levels among HP patients 
with different history of exposure, the mean KL-6 levels were 
found to be the highest among patients with a history of bird 
exposure (1,644.43±835.71 IU/mL). But the differences in se-
rum KL-6 levels between the causative antigens did not, how-
ever, reach statistical significance (p=0.515) (Table 3).

Correlation of serum KL-6 levels with various clinical pa-
rameters among HP patients was performed. A significant 
inverse correlation between serum KL-6 levels and the body 
mass index (BMI) was only observed (r=–0.398, p=0.004); 
however, KL-6 levels did not show significant correlations 
with FVC%, the 6-minute walk distance or other parameters.

Figure 1 represents receiver operating characteristic (ROC) 
analysis conducted to investigate the ability of KL-6 to dis-

Table 2. Characteristics and radiological HRCT features of HP patients stratified into fibrotic and non-fibrotic groups 
according to HRCT

Characteristic
Fibrotic HP (n=27/51) Non-fibrotic HP (n=24/51)

p-value
Mean±SD Median Mean±SD Median

Age, yr 40.56±10.51 39 39.04±12.99 35 0.648

BMI, kg/m2 31.81±7.13 30 27.29±5.34 28 0.014

Dyspnea score 3.15±0.86 3 2.67±0.87 3 0.053

PaO2, mm Hg 62.44±14.88 65 73.88±15.04 80 0.009

SaO2, % 88.63±8.36 90 93.17±5.00 94 0.025

6MWD, m 279.07±120.54 280 322.92±119.45 333 0.060

Pre-6MWT SO2, % 89.22±7.71 90 93.96±4.18 95 0.010

Post-6MWT SO2, % 74.15±10.82 79 83.67±10.89 88 0.003

FVC (% of predicted) 52.48±11.30 52 69.17±12.88 71 <0.001

FEV1/FVC 84.22±8.20 84 82.21±11.13 84 0.462

KL-6, IU/mL 1,165.00±283.0 1,200 2,020.83±870.77 1,900 0.020

Duration of steroid therapy, mo 26.48±42.33 12 16.17±27.33 3 0.184

Total dose of steroids, mg/day 17.6±10.5 20 20.4±16.4 20 0.230

HRCT findings, n (%)

   GGO 26 (96.3) 23 (95.8) >0.990

   Nodules 12 (44.4) 11 (45.8) 0.921

   Mosaic 17 (63.0) 12 (50) 0.351

   Linear reticulations 27 (100) 0 <0.001

   Traction bronchiectasis 21 (77.8) 0 <0.001

   Honeycombing 3 (11.1) 0 <0.001

p<0.001 is considered highly significant; p<0.05 is considered significant. 
HRCT: high-resolution computed tomography; HP: hypersensitivity pneumonitis; SD: standard deviation; BMI: body mass index; PaO2 (mm 
Hg): partial pressure of arterial oxygen; SaO2 (%): saturation of arterial oxygen; 6MWD: 6-minute walk distance; 6MWT: 6-minute walk test; 
FVC: forced vital capacity; FEV1: forced expiratory volume in 1 second; KL-6: Krebs von Lungen-6; GGO: ground-glass opacities.
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criminate between fibrotic HP and non-fibrotic HP patients. 
It showed an area under the ROC curve (AUC) of 0.807 (95% 
confidence interval [CI], 0.673–0.941; p<0.001) with the best 
cutoff value of 1,700 with sensitivity 96.3% but a poor specific-
ity of 62.5%. 

Discussion
In the present study, patients were classified into two groups 

based on the HRCT chest findings: fibrotic (47.1%) and non-
fibrotic (52.9%). The fibrotic group exhibited a more restrictive 
pattern regarding FEV1 and a longer duration of symptoms 
as compared to the non-fibrotic group. Similarly, a study by 
Hanak et al.30 classified patients into fibrotic and non-fibrotic 
groups based on HRCT findings of parenchymal fibrosis 
and demonstrated a longer symptom duration and a greater 
restrictive lung impairment in fibrotic group as compared to 
non-fibrotic group30.

The median serum KL-6 levels were found to be higher in 
the non-fibrotic HP group (1,900 IU/mL) as compared to the 
fibrotic group (1,200 IU/mL) in the present study, thus reflect-
ing the response of exposure to various inhaled antigens and 

the grade of alveolitis. This is in accordance with studies by 
Ohnishi et al.6 and Okamato et al.18 that revealed higher se-
rum KL-6 levels in acute non-fibrotic HP when compared to 
chronic fibrotic HP. The alterations in serum KL-6 concentra-
tions were assumed to be due to alveolar injury and enhanced 
production of KL-6 by the regenerating type II pneumocytes.

Most of the patients in the present study (68.6%) had expo-
sure history to birds, 11.8% had other exposure history mainly 
occupational, whereas the inciting antigen was unidentifiable 
in 19.6% of the patients. Similarly, in a study by Abd El-Kareem 
et al.31 majority of the patients with a diagnosis of HP (68%) 
had no history of exposure and 18.6% of the patients were 
found to be residing in geographical regions in Egypt that are 
famous for the exposure to environmental etiologic factors 
(cane sugar exhaust fumes). Thus, suggesting that some do-
mestic factors, such as indoor (household) molds, dust, along 
with substantial air pollution, appear to be unrecognizable eti-
ologic factors for HP, so additional investigation is warranted 
to verify the large number of patients with no exposure history 
to the frequently recognized antigens.

There was a female preponderance observed among the pa-
tients diagnosed with HP in the present study and this could 
be linked to the causative agent or pathogenesis of the disease 
itself. A study by Akl et al.32 evaluating the demographics of 
HP in Egypt, reported that out of a total of 118 HP patients, 
females were ten times more affected than males with a ratio 
of 10.8:1. That was also in accordance with various studies31,33. 
However, when studying the relationship between the serum 
KL-6 levels and exposure to different antigens or causative 
agents for HP, no significant differences were encountered be-
tween the type of exposure and median serum levels of KL-6.

Regarding the BMI, it was found to be significantly higher in 
the fibrotic group compared to the non-fibrotic group. There 

Table 3. Comparison between KL-6 levels and different 
clinical parameters

Parameter
Median KL-6 levels 

(IU/L)
p-value

Exposure

   Birds 1,500 0.515

   Others* 1,200

   Cryptogenic 1,200

Smoking

   Yes 1,300 0.800

   No 1,400

Duration of symptoms, mo

   <6 2,050 0.012

   >6 1,300

Therapy

   On treatment 1,200 <0.001

   No treatment 1,900

Type of therapy

   Steroids only 1,200 0.575

   Dual therapy 1,200

Dual therapy: steroids and azathioprine. 
p<0.001 (highly significant); p<0.05 (significant).
*Others: exposure to paints, detergent workers, plastic manufactur-
ing, cotton and wool industry, hairdressing.
KL-6: Krebs von Lungen-6.

Figure 1. Receiver operating characteristic (ROC) curve showing 
the ability of Krebs von den Lungen-6 levels to discriminate among 
fibrotic and non-fibrotic hypersensitivity pneumonitis patients.
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have been conflicting results from previous reports on the 
association of baseline BMI with outcomes and risk of death 
in patients with ILD34,35. A study by Pugashetti et al.36 on pa-
tients with ILD with varying etiologies revealed that an annual 
decline in BMI of <5% was associated with a significantly bet-
ter survival as compared to ≥5% annual decline in BMI and 
concluded that weight loss was related to an enhanced risk 
of death in patients with IPF and usual interstitial lung dis-
ease, but not in connective tissue disease–ILD or chronic HP. 
Likewise, a recent study by Comes et al.37 also demonstrated 
a highly significant association between BMI and the 1-year 
mortality in patients with fibrotic ILD with higher mortality 
reported in the underweight patients as compared to a lower 
mortality in the overweight or obese37.

ROC analysis was conducted in the present study to inves-
tigate the ability of KL-6 to discriminate between fibrotic HP 
and non-fibrotic HP patients. It showed an AUC of 0.807 (95% 
CI, 0.673–0.941; p<0.001) with the best cutoff value of 1,700 
with sensitivity 96.3% but a poor specificity of 62.5%. 

In a study by Ohnishi et al.6 evaluating the diagnostic utility 
of KL-6 levels and KL-6 ratio (the variation in the KL-6 con-
centrations across the patient’s clinical course) in discrimi-
nating between HP and non-HP, the AUC for the maximum 
concentration of KL-6 during the patient’s clinical course (K-
max) was found to be 0.681 with best cutoff value of 2,532 and 
a sensitivity of 44.4% and specificity of 87.2% (diagnostic ac-
curacy, 79.2%; p=0.017). Moreover, seasonal variations in KL-6 
concentrations and KL-6 ratio were found to be significantly 
more in those with acute HP as compared to chronic HP pa-
tients.

There was a statistically significant difference in the median 
serum KL-6 levels between patients who were already on 
treatment at the time of enrolment and those without treat-
ment, with higher levels being observed in the latter group. 
However, the levels did not significantly vary between patients 
on steroid monotherapy and those on combined therapy (ste-
roids and azathioprine).

In a case report of summer-type HP by Kobayashi et al.38 
serum KL-6 levels were found to decline gradually with the 
initiation of steroid therapy. As the dose of steroids was re-
duced, KL-6 levels decreased below the upper limit of normal 
and remained persistently low, therefore, emphasizing the 
clinical utility of KL-6 levels in monitoring of disease activity 
particularly during steroid withdrawal in patients with intersti-
tial pneumonia38. Likewise, Okamato et al.39 found that serum 
KL-6 after treatment was significantly lower than those mea-
sured at the start of treatment (median KL-6 levels 1,080 U/
mL and 1,360 U/mL respectively; p<0.001) and hence imply-
ing that estimation of serum KL-6 may be useful in following 
up the patients.

The precise mechanism of the decline in serum KL-6 levels 
observed with steroid therapy is still not clearly elucidated. 
The direct effect of steroids on serum KL-6 is quite improb-

able due to lack of glucocorticoid receptor binding site on the 
promoter area of the MUC1 gene in humans. The role of pro-
inflammatory cytokines namely tumor necrosis factor and 
interferon-γ in enhancing the expression of mucin glycopro-
teins in human rectal adenocarcinoma cell lines has already 
been recognized. Accordingly, steroids can decrease serum 
KL-6 levels via inhibition of the pro-inflammatory cytokines40. 
Another mechanism proposed is decreased permeability of 
alveolo-capillary barrier with a subsequent reduction in leak-
age of KL-6 into the circulation.

A few limitations of this study included the small sample 
size; some of the patients were retrospectively recruited being 
previously diagnosed as having HP prior to enrolment and 
hence some of the pathological reports and BAL analysis were 
lacking. The seasonal variation in serum KL-6 concentrations 
among the HP patients were also not considered in the pres-
ent study and so this might have affected the diagnostic accu-
racy.

The presence of higher KL-6 levels in the non-fibrotic HP 
group as compared to fibrotic group implies its enhanced pro-
duction by regenerating pneumocytes in response to alveolar 
injury. The significant association between serum KL-6 levels 
and the dose and the duration of steroid therapy emphasized 
the important role of steroids in stabilization of the disease. 
Further prospective studies with a larger sample size are war-
ranted to validate the reliability and clinical utility of serum 
KL-6 as a biomarker for disease severity and prognosis of HP 
and also to evaluate the relationship between serum KL-6 and 
cellular pattern in BAL as well as the histological pattern on 
TBLB in HP patients.
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