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Patients with hematological malignancies frequently suffer from lung diseases as a complication.  However, 
it is difficult to discriminate leukemic invasion into the lung from infectious pulmonary complications.  The 
serum level of Krebs von den Lungen-6 (KL-6), which is a mucin-like glycoprotein, is increased in more than 
70% of patients with interstitial pneumonia.  Surfactant protein-D (SP-D) is produced mainly in the lung by 
alveolar type II and bronchiolar epithelial cells and is a useful serum marker for interstitial pneumonia.  We 
therefore measured the levels of KL-6 and SP-D in sera from 128 patients (76 males and 52 females, mean 
age: 59 years) with hematological malignancies, including adult T-cell leukemia (ATL).  Overall, the increase 
in KL-6 or SP-D, above each cut-off value (500 U/ml for KL-6 and 110 ng/ml for SP-D), was detected in 11 
patients (8.6%) or 10 patients (7.8%), respectively.  In contrast, among 67 ATL patients, 15 patients had 
high serum levels of KL-6 and/or SP-D; both were elevated in 2 patients, only KL-6 was elevated in 6 
patients and only SP-D was elevated in 7 patients.  Thus, serum KL-6 and SP-D appear to be elevated in a 
mutually exclusive manner in ATL.  Indeed, high serum levels of KL-6 were closely related to the stage of 
ATL, while the serum SP-D was elevated in ATL patients with pulmonary infection.  In conclusion, the 
combined measurement of KL-6 and SP-D in ATL may become a useful means to discriminate leukemic 
pulmonary lesions from infectious pulmonary complications. ─ Krebs von den Lungen-6; surfactant 
protein-D; hematological malignancy; adult T-cell leukemia; interstitial pneumonia.
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Krebs von den Lungen-6 (KL-6) and surfactant pro-
tein-D (SP-D) are sensitive markers of various interstitial 
pneumonias; however, the use of these markers for patients 
with hematological malignancies, which are frequently 
accompanied by lung disorders related to infections and 
therapies, has not been established (Kohno et al. 1999).  
KL-6 is a mucin-like glycoprotein that was originally dis-
covered with a murine monoclonal antibody from a hybrid-
oma derived from mouse splenocytes immunized with a 
human pulmonary adenocarcinoma cell line (Kohno et al. 
1988).  This KL-6 antibody recognizes a sialylated carbohy-
drate chain on a high molecular weight glycoprotein, later 
defined as a muc-1-associated epitope, implying that KL-6 
is MUC1 (Stahel et al.  1994).  MUC1 is predominantly 
membrane-bound, consisting of a cytoplasmic tail, a trans-

membrane domain and an extracellular domain.  Shedding 
by a metalloproteinase appears to yield a soluble form of 
MUC1, KL-6, into serum and body fluids in vivo 
(Marcaurelle and Bertozzi 2002).  Indeed, soluble, serum 
KL-6 has been reported to be elevated in benign lung dis-
eases involving regenerating-pneumocytes that express high 
levels of MUC1 (Kohno et al. 1988).  Serum KL-6 is 
increased in more than 70% of patients with interstitial 
pneumonia (Kohno 1999).  Thus, soluble KL-6 has clinical-
ly applications as a sensitive and valuable marker for the 
diagnosis and monitoring of patients with interstitial pneu-
monia including idiopathic fibrosis, hypersensitive pneumo-
nitis, collagen-related pneumonitis, and radiation pneumo-
nitis.  However, serum KL-6 is also elevated in malignant 
diseases derived from epithelial cells, and is elevated in 30 
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to 50% of patients with adenocarcinoma of the lung, pan-
creas, or breast, and in 10% or less of patients with gastric, 
colon, or rectal cancers (Kohno et al. 1992).  On the other 
hand, despite the expression of MUC1 and its ligand, 
L-selectin, in normal and malignant hematopoietic cells, the 
information is limited about the clinical significance of sol-
uble KL-6 in patients with hematological malignancies 
(Brossart et al. 2001; Mukherjee et al. 2005).  Moreover, 
hematological malignancies are frequently accompanied by 
interstitial pneumonia related to infectious agents, therapeu-
tic drugs, and radiation and the possible relationship of 
KL-6 to these complications is unknown.

The protein SP-D, a member of the human collectin 
family, is produced mainly in the lung by alveolar type II 
and bronchiolar epithelial cells.  The serum level of SP-D is 
considered to reflect damage from, or response of epithelial 
cells to, inflammation (Leth-Larsen et al. 2003).  Accord-
ingly, SP-D is also a useful marker for interstitial pneumo-
nia as well as for infectious pulmonary diseases.  These 
facts prompted us to study the serum levels of KL-6 and 
SP-D in patients with hematological malignancies.  In par-
ticular, we focused on serum KL-6 status in adult T-cell leu-
kemia (ATL), because ATL is characterized by a high num-
ber of invasive tumor cells and by complications due to 
infective interstitial pneumonias related to non-bacterial 
pathogens (White et al. 1995).  To understand the pathologi-
cal and clinical implications of serum KL-6 and SP-D, the 
potential correlation between their levels and those of other 
serum biomarkers such as lactate dehydrogenase (LD) 
activity, and soluble IL-2 receptor (sIL-2R) levels were ex-
amined.

Here we present the finding that serum KL-6 and SP-D 
are elevated in a small fraction of patients with hematologi-
cal malignancies.  Their elevation in serum is mutually 
exclusive and the measurement of KL-6 and SP-D is help-
ful to discriminate leukemic invasion into the lung from 
infectious pulmonary complications in ATL.

Patients and Materials
Serum samples from patients and healthy volunteers were col-

lected after informed consent based on the study protocol approved 
the Ethics Committee of Nagasaki University Hospital (Nagasaki, 
Japan).  A total of 363 serum samples were collected at the time of 
diagnosis and relapse, and stored at −30°C until use.  We examined 
the serum levels of KL-6 and SP-D in sera from 128 patients (M : F = 
76 : 52, Range: 4-84 years, Mean: 59) with hematological malignan-
cies.  The patients with hematological malignancies consisted of 
patients with adult T-cell leukemia (ATL; 67 patients), acute lympho-
blastic leukemias (ALL; 9 patients), acute myeloid leukemia (AML; 9 
patients), B-cell malignant lymphoma (ML; 14 patients), chronic lym-
phocytic leukemias (CLL; 12 patients), chromic myeloid leukemia 
(CML; 6 patients), and HTLV-1 carriers with other diseases (11 
patients).  All of these diseases were diagnosed based on routine clini-
co-pathological findings, such as morphology, immunophenotype, and 
cyto/molecular genetics.  ATL was subclassified into 4 categories of 
acute, lymphoma, chronic, and smoldering subtypes according to 
LSG criteria (Shimoyama 1991).

Methods
KL-6 and SP-D quantification:

Serum KL-6 was quantified using the PICOLUMI KL-6 kit 
(Sanko Junyaku, Tokyo, Japan), an electrochemiluminescent immu-
noassay (ECLIA) method specific for human KL-6, according to the 
manufacturer’s instructions.  Briefly, 200 µ l serum sample, pre-dilut-
ed 1 : 51 with the sample diluent, was incubated with 25 µ l anti-KL-6 
monoclonal antibody-coated micro magnetic beads solution for 9 min 
at 30°C.  After the beads were washed twice with the washing solu-
tion, 200 µ l ruthenium (Ru)-labeled anti-KL-6 monoclonal antibody 
was added to the beads and incubated for 9 min at 30°C.  After the 
beads were washed three times with the washing solution, the beads 
were placed into the electrode and the photons (wavelength, 620 nm) 
emitted from the Ru-labeled anti-KL-6 monoclonal antibody were 
counted with a photo-multiplier tube.  The concentration of KL-6 in 
the serum sample was calculated by comparing the obtained counts 
with photon counts obtained from calibrated KL-6 standard antigens.  
These ECLIA procedures were carried out with an automatic ECLIA 
analyzer (PICOLUMI 8220; Sanko Junyaku, Tokyo, Japan).

Serum SP-D was quantified with an SP-D EIA kit (Yamasa Co., 
Chiba, Japan) according to the manufacturer’s instructions.  Briefly, 
100 µ l serum sample, pre-diluted 1:11 with the sample diluent, was 
put into a 96-well microplate coated with an anti-SP-D monoclonal 
antibody.  The serum sample was incubated for 18-24 h at 2-8°C.  
After the well was washed three times with washing solution, 100 µ l 
monoclonal antibody-labeled peroxidase enzyme was added and incu-
bated for 2 h at 15-30°C.  After the well was washed three times with 
washing solution, 100 µ l color development reagent including tetra-
methylbenzidine and hydrogen peroxide was added and incubated for 
15 min at 15-30°C followed by addition of 100 µ l stop solution.  The 
absorbance of the solution in the well was measured in a microplate 
reader at a wavelength of 450 nm.  The concentration of SP-D in the 
serum sample was calculated by comparing the obtained absorbance 
with the absorbance of calibrated SP-D standard antigens.

In addition, to evaluate the tumor behavior of ATL, soluble 
interleukin-2 receptor (sIL-2R) was measured according to a previ-
ously described method (Kamihira et al. 1994).

KL-6 and SP-D expression in ATL cells:
The subcellular expression of KL-6 and SP-D was examined by 

flow cytometry and indirect immunostaining using anti-SP-D 
(Yamasa, Tokyo, Japan) and anti-KL-6 (Eisai, Tokyo, Japan) antibod-
ies and an FITC-conjugated goat anti-mouse antibody (Dako, Kyoto, 
Japan).  The fluorescent signals were evaluated using FACSCalibur 
and Cellquest software (BD Biosciences Immunocytometry System, 
San Jose, CA) and fluorescence microscopy.

Statistical analysis
Results are expressed as mean ± standard deviation 

(S.D.) unless mentioned.  Unpaired data were analyzed by 
Wilcoxon’s rank sum test and Mann-Whitney U test, 
respectively.  Ratio was evaluated utilizing Fisher’s exact 
probability test.  Correlation was evaluated by Spearman’s 
correlation index.  A two-tailed p value of 0.05 was consid-
ered significant.
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Results
KL-6 and SP-D levels in sera from patients with hema-
tological malignancies

Serum KL-6 and SP-D levels were measured in 128 
serum samples from patients with various hematological 
malignancies, as shown in Figs. 1 and 2, respectively.  The 
cut-off value was set at 500 U/ml for KL-6 and 110 ng/ml 
for SP-D, based on the data from healthy volunteers.  
Levels of KL-6 that were elevated above the cut-off value 
were detected in only 11 (8.9%) of 128 cases and these cas-
es consisted of 1 (11.1%) of 9 AML, 8 (11.9%) of 67 ATL, 
1 (8.3%) of 12 CLL, and 1 (16.7%) of 6 CML.  No statisti-
cally significant difference in the mean value was found 
among the disease groups whose mean values ranged from 
249 to 368 U/ml.  The frequency of high serum SP-D levels 
in each disease group was similar to that of serum KL-6: 
11% (1/9) in ALL, 11% (1/9) in AML, 12% (8/67) in ATL, 

18% (2/11) in HTLV-1 carriers, 0% (0/12) in CLL, 17% 
(1/6) in CML, and 0% (0/14) in ML.  The overall frequency 
is 10.2% (13/128 cases).

We next examined the potential mutual relationship 
between elevated levels of KL-6 and SP-D in ATL patients 
(Fig. 3), but found no statistically significant correlation (r 
= 0.1096, p = 0.218).  Interestingly, the elevation in the 
serum levels of KL-6 or SP-D was almost completely mutu-
ally exclusive.  Thus, only 2 patients showed elevated levels 
of both markers, while KL-6 was exclusively elevated in 11 
patients and SP-D was exclusively elevated in 10 patients.

KL-6 and SP-D are elevated in a mutually exclusive 
manner in ATL

To determine the clinical significance of the difference 
in expression levels of KL-6 and SP-D and their potential 
use as biomarkers, further investigations were carried out 
using samples from ATL patients.  Fifteen out of 67 ATL 

Fig. 1.  Distribution plots of the serum level of KL-6 among each disease category in 128 patients with hematological malig-
nancies.  The serum level of KL-6 was higher than the cut off value of 500 U/ml (dotted line) in only 11 out of 128 
patients with hematological malignancies.  No statistically significant difference in the incidence or the median level 
among disease categories was observed.

Fig. 2.  Distribution plots of serum SP-D among disease categories.  Serum SP-D was measured in the same 128 patients as in 
Fig. 1 using a cut-off point of 110 ng/ml (dotted line).  The distribution of the plots is similar to that of Fig. 1.
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Fig. 3.  Analysis of the potential relationship between serum KL-6 and SP-D levels in patients with hematological malignan-
cies.  A twin dot plot graph between KL-6 and SP-D showed no correlation between their expression levels (y = 0.028x 
+ 50.6, r = 0.1096, p = 0.218).  Both markers were elevated in only 2 patients.  KL-6 was exclusively elevated in 11 
patients, and SP-D was exclusively elevated in 10 patients.  Open circles represent ATL patients with elevated levels of 
KL-6 or SP-D.  Closed circles represent all other patients with hematological malignancies, including ATL patients.

Table 1.  The clinico-pathological features of 15 patients with elevated levels of either KL-6 or SP-D.

Patient
No. Age Gender Subtype of ATL KL-6 

(U/mL)
SP-D 

(ng/mL)
Pulmonary complications 

Tumorous Infectious

1 76 F Lymphoma/acute 628 110.3 ±*   KL-6 expressing ATL cells1) −
2 56 F Chronic 871 235.8 +     Leukemic infiltration2) +
3 64 M Chronic 1244 66.2 −     KL-6 expressing ATL cells1) −
4 81 M Acute 665 17.2 +     Leukemic infiltration2) & PE −
5 70 M Lymphoma 665 60.6 ±* −
6 78 M Lymphoma 540 46.2 ±* −
7 55 M Lymphoma 595 17.1 ±* −
8 73 F Smoldering 592 31.1 − −
9 73 M Smoldering 380 110.1 − +
10 72 M Lymphoma 331 192.1 − +
11 35 M Smoldering 327 146.4 − +
12 40 M Chronic 322 110.1 − +
13 82 M Smoldering 268 143.2 − +
14 43 F Acute 244 123.4 − +
15 40 F Acute 230 209.1 − +

The group comprising patients 1-8 showed elevated KL-6 and was characterized by no evidence of overt pulmonary infectious 
complications, but had demonstrable leukemic cell invasion into the lungs (patients 2-5) and disseminated tumor cells in the body 
(patients 6-7).  In contrast, patients (numbers 9-15) with exclusive elevation of SP-D had only infectious pulmonary complications.  The 
cut-off values used were 500 U/ml for KL-6 and 110 ng/ml for SP-D.

1)KL-6-bearing ATL cells; 2)demonstrated by BALF cytology.  3)ATL, AML, and gastric cancer
*Clinically suspected with reticular shadow on Chest X-p, 
PE, pleural effusion; CBP, chronic broncho-pneumonia; BP, broncho-pneumonia; CMV pn, cytomegalovirus pneumonia.
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patients had the elevated level of either KL-6 or SP-D, as 
shown in Table 1.  Both markers were elevated in 2 patients 
(numbers 1 and 2).  KL-6 was exclusively elevated in 6 
patients (numbers 3 to 8), and SP-D was exclusively elevat-
ed in 7 patients (numbers 9 to 15).  Interestingly, there was 
a substantial difference depending on the type of pulmonary 
complications observed in the groups exclusively express-
ing KL-6 or Sp-D (Table 1).  Thus, the KL-6-expressing 
group was characterized by a predominance of lymphoma 
subtype (4 patients), leukemic cell invasion into the lungs 
(patients 2 and 4), demonstrated by cytology using bronchi-
alveolar lavage fluid (BALF) or clinically suspected due to 
a reticular shadow on chest X-p (numbers 5, 6, and 7).  In 
contrast, patients with a high serum level of only SP-D had 
pulmonary infectious complications but no leukemia-relat-
ed pulmonary lesions.

To better understand the origin of serum KL-6 and 

SP-D, their subcellular expression was examined in ATL 
cells from 20 patients by flow cytometry and indirect 
immunostaining.  KL-6 was detected with variable intensity 
on the cell surface as well as in the cytoplasm in 10 of the 
20 ATL patients tested, whereas SP-D was not detectable in 
any patients.  In particular, ATL cells obtained from patients 
1 and 3 abundantly expressed KL-6, but not SP-D (Fig. 4 a 
and b).  Hyperplasia of type II pneumocytes was histologi-
cally observed in a patient with ATL with pulmonary leuke-
mic invasion (Fig. 5).  All of these data suggest that KL-6 in 
the serum is partially derived from these pneumocytes or 
from the ATL cells themselves.

We then compared KL-6 and SP-D serum levels with 
LD activity and sIL-2R levels that are well-characterized 
biomarkers.  sIL-2R is a good surrogate marker for the 
evaluation of malignant behavior and tumor burden in ATL.  
There was neither a statistically significant correlation 

Fig. 4.  Subcellular expression of KL-6 and SP-D in ATL cells.  The subcellular expression of KL-6 and SP-D was examined 
by flow cytometry (a) and indirect immunostaining using anti-SP-D and anti-KL-6 antibodies (b).  (a) Flow cytometric 
analysis revealed positive histograms (green) for KL-6, but negative for SP-D (neg., white) in ATL cells of patients 1 
and 3.  These patient numbers are consistent with Table 1.  (b) Immunofluorescence staining showed positive signals 
(green) only for KL-6, and not for SP-D, in a smear of cells with multi-lobulated nuclei.  The blue stains are nuclei 
labeled with DAPI.
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between KL-6 and LD (r = −0.012, p = 0.959), nor between 
KL-6 and sIL-2R (r = 0.0126, p = 0.919), suggesting that 
the clinical significance of KL-6 is independent of the 
pathology represented by LD or sIL-2R.  In contrast, SP-D 
had a tendency to correlate with LD but not with sIL-2R, 
further suggesting that the clinical significance of KL-6 and 
SP-D differs.

Discussion
We present the data that show an elevation of serum 

KL-6 and SP-D levels in about 10% of patients with hema-
tological malignancies.  Interestingly, the elevation of these 
markers was mutually exclusive.  There was no noticeable 
difference in the incidence of the elevated serum KL-6 and 
SP-D among disease subtypes of ALL, AML, CML, CLL, 
ML, and ATL.  The only reports we found in the literature 
were several case reports showing that serum KL-6 hap-
pened to be elevated when cytomegalovirus or pneumocys-
tis jiveroci pneumonia was present as a complication during 
intensive chemotherapy in patients with ALL (Takahashi et 
al. 2001), ML and ATL (Tanaka et al. 2002).  More interest-
ingly, Fujisawa et al. (2007) reported a case of peripheral T 
cell lymphoma (PTCL) with elevated serum KL-6 derived 
from reactive proliferative pneumocytes due to pulmonary 
invasion of tumor cells.  These data indicate that soluble 
KL-6 in the serum is associated with pulmonary complica-
tions of infective interstitial pneumonia rather than hemato-
logical malignancies.  However, our data presented here dif-
fer from these previous reports in that patients with high 
serum levels of KL-6 showed a trend of leukemic infiltra-
tion into the lung, but no overt infectious pulmonary com-
plications, as shown for the ATL patients in Table 1.  On the 
other hand, SP-D may be a useful marker of the presence of 
infectious lung diseases that occur as a complication in 
patients with ATL.  Indeed, none of 7 patients that showed 

exclusive elevation of SP-D had leukemic cell invasion into 
the lung, but all of these patients did have complications 
with infectious pulmonary disorders.  All of these findings 
suggest that measurement of the combined levels of serum 
KL-6 and SP-D represents a possible method to discrimi-
nate leukemic invasion from infectious pulmonary compli-
cations, at least in ATL.  At present, there are difficulties in 
the invasive collection of BALF for differential diagnosis of 
leukemic invasion or interstitial pneumonias, which are fre-
quent complications in ATL.  Therefore, KL-6 and SP-D are 
promising markers for such differential diagnosis, because 
the assay methods are simple and are measured without 
invasion.

Currently, the origin of serum KL-6 in cancer patients 
is controversial.  Although there are reports that cancer cells 
themselves produce KL-6 (Kohno et al. 1992), our data 
indicate that ATL cells probably also express KL-6, sug-
gesting that serum KL-6 originates from ATL cells.  
However, elevated serum KL-6 in ATL was observed only 
in patients with pulmonary leukemic cell invasion, but not 
in ATL patients without this complication.  In addition, 
hyperplasia of type II pneumocytes was histologically 
observed in an ATL patient with leukemic lung invasion.  
These findings suggest that a biological relationship exists 
between pneumocytes and ATL cells via KL-6 with regard 
to lung invasion and cell-growth at invasive sites.  That is, 
aberrant overexpression of KL-6 may account in part for 
the lung invasion of ATL cells, because KL-6 has been 
recently shown to be involved in cell-cell co-adhesive infil-
tration and proliferation (Teruya-Feldstein et al. 2003).

In conclusion, although serum KL-6 and SP-D are 
rarely elevated in patients with hematological malignancies 
including ATL, the elevation of either KL-6 or SP-D can be 
used as a marker to discriminate leukemic invasion from 
infectious pulmonary complications.
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