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A recombinant human neutrophil chemotactic pro-
tein LECT2 (rhLECT2) was purified as a 16-kDa pro-
tein from the culture fluids of stable transfectants de-
rived from CHO cells (clone C1D8-1) and L929 cells
(clone L2E4-1). The N-terminal amino acid sequence of
the protein secreted by both clones were homologous
to the previously described bovine LECT2. We pro-
duced polyclonal and monoclonal antibodies against
rhLECT2 and investigated secretion of LECT2 protein
in six human hepatoma cell lines, which express
LECT2 mRNA, and in hepatocytes of normal human
livers by a sandwich enzyme-linked immunosorbent
assay and by immunostaining using the antibodies, re-
spectively. We revealed that five of six hepatoma cell
lines secreted LECT?2 into culture fluids at concentra-
tions of 30-135 ng/mg. We also demonstrated that
the cytoplasm of human hepatocytes was diffusely
stained, although periportal hepatocytes tended to be
weakly and granularly stained by immunostaining.
These results indicated that the novel protein was ex-
pressed in hepatocytes and suggested an important
role of LECT2 in the cells in addition to the activation

of neutrophils. © 1997 Academic Press

Neutrophil chemotactic factors stimulate neutro-
phils in response to increasing concentrations of the
factors released from inflammatory sites. Neutrophils
stimulated by factors are recruited from the blood
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through the vessel wall to the inflammatory site (1).
The chemotactic factors, which are released from in-
flammatory sites play an important role in activating
neutrophil functions, IL-8 and other chemotactic fac-
tors have been isolated (2-5). Recently a novel neutro-
phil chemotactic factor LECT2 has been purified from
the culture fluid of the activated T-cell leukemia SKW-
3 cells by PHA stimulation (6, 7).

Some of the chemotactic factors have been demon-
strated to exert functions in vivo other than the original
activity demonstrated in vitro. Chemokines have di-
verse cellular effects such as changing in the prolifera-
tion rate and expression of cell surface proteins as well
as inflammatory mediators (8). For example, CC-che-
mokines show anti-viral activity against human immu-
nodeficiency virus through their cellular receptors on
T cells (9-11). Thus, some chemotactic factors and the
related inflammatory cytokines are not always in-
volved only in the inflammatory process. Although
LECT?2 has been originally demonstrated to have a che-
motactic function in vitro, biological function in vivo
has not been thoroughly clarified.

In the present study, we performed to identify the
cells expressing LECT2 protein leading to its physiolog-
ical role as we obtained data that LECT2 transcript
was abundantly and almost exclusively detected in the
liver and hepatoma cell lines (submitted). We analyzed
LECT2 expression in human livers by immunochemical
techniques using the antibody against recombinant
LECT2 (rhLECT2) from mammalian cells transfected
with hLECT2 expression vector.

MATERIALS AND METHODS

Establishment of mammalian cells expressing rhLECT2. 5’-end
of hLECT2 cDNA in the pOLECT?2 plasmid was deleted until up 5-
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bp from the predicted ATG by exonuclease 111, treated with Klenow
fragment, ligated to a Pstl linkers, and digested with BamHI and
Pstl restriction enzymes. The obtained hLECT2 cDNA fragment was
cloned into the Pstl and BamHlI site of an expression vector pcD-SR
a 296, which was gifted by Dr. Takebe in this Institute. The obtained
hLECT2 expression vector was named pcD-SR « 296. CHO cells and
L929 cells grown to ~50% confluence were transfected with 16 ug
of the pSR « LECT2 and 1 ug of the pRSVneo per 10-cm dish by
Lipofectamine (BRL). The G418 resistant cells were selected at 800
wpg/ml for CHO and 400 pg/ml for L929 to obtain stable transfectants.

Screening of transfectants expressing rhLECT2. Stable transfec-
tants expressing rhLECT2 were screened by SDS-PAGE for 16-kDa
protein. Various stable transfectants derived from CHO cells and
L929 cells were incubated with 50 ul MEM medium free of both
methionine and fetal bovine serum (FBS), and contained 200 nCi/ml
35S-methionine (NEN) in the early stationary phase in a 96-well plate
for 8 hrs in a CO, incubator at 37°C. The culture fluid was separated
by a SDS-PAGE with 15% gel and analyzed with an Image Analyzer
BAS2000 (Fuji Film Co. Ltd., Tokyo).

Purification of rhLECT2. CHO cells and L929 cells were main-
tained in MEM medium supplemented with 10% FBS. rhLECT2 was
purified from the culture fluids of two stable transfectant cell clones
C1D8-1 and L2E4-1 derived from CHO cells and L929 cells, respec-
tively. The cells were cultured until confluent at 37°C in a 5% CO,
incubator in the culture plates Serutorei (500 cm?, Sumitomo Bakel-
ite, Tokyo, Japan), harvested into a 500-ml plastic bag, and stored
at —80°C until use. rhLECT2 was purified by the procedures which
were essentially the same as those for native LECT2 described pre-
viously (6). Hydroxylapatite HPLC was carried out by a linear gradi-
ent of 0.1M-0.4M sodium phosphate buffer (pH 7.4) at a flow rate of
0.75 ml/min.

Preparation of monoclonal antibodies and polyclonal antibody to
rhLECT2. Twenty-five ul of a mixture containing rhLECT2 (2 mg/
ml) and complete Freund’s adjuvand (1:1) was injected into the foot
pad of BALB/c mice, then, rhLECT2 emulsified in incomplete
Freund’s adjuvand was injected into the mouse (15 pg/mouse) at 4
and 7 days. Three days later of the final injection lymphonode cells
were fused with cells of myeloma PAI at a ratio of 5 to 1 by polyethyl-
eneglycol-400 procedure or at a ratio of 2 to 1 by the electric fusion
procedure (12, 13). After cloning the hybridomas, the monoclonal
antibodies were purified by a Protein G Sepharose column chroma-
tography of the peritoneal fluids of mice. Polyclonal antibody to
rhLECT2 was also prepared. A rabbit was subcutaneously injected
with 50 pug of rhLECT2, and then 200 ul of mixture containing
rhLECT2 (0.5 mg/ml) and complete Freund’s adjuvand (1:1) was in-
jected into the back of the rabbit every week. The polyclonal antibody
was purified from the serum by Protein A Sepharose column chroma-
tography at five weeks after the final injection.

Western blotting analysis. SDS-PAGE of rhLECT2 was per-
formed by Laemmli’s method (14) with 15% gel. The proteins were
blotted to PVDF filter (Millipore Japan, Tokyo). The purified mono-
clonal antibodies diluted to 2 pg/ml with PBS containing 5% skim
milk was laid on the filter. The filter was incubated for 60 min at
room temperature, and then washed three times with a washing
buffer containing 0.05% Tween 20 in PBS. After that biotinylated
anti-mouse Ig was laid on the filter and it was kept 60 min. This
filter was then incubated with peroxidase-streptoavidin conjugate
(Amersham, U.S.A)) The filter was washed three times with the
washing buffer, and then the positive band was determined with a
SuperSignal™ ULTRA Chemiluminescent Substrate (Pierce, Roch-
ford, U.S.A)

Measurement of LECT2 in culture fluids of human hepatoma cell
lines. The cell lines HuH-6, HuH-7, HLE, HLF, PLC/PRF/5 and
HepG2, which were provided by the Japanese Cancer Research Re-
sources Bank, were maintained in MEM medium supplemented with
10% FBS. The culture fluids of the hepatoma cell lines were assayed
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for the secretion level of LECT2. Samples (100 ul) were plated to the
well coated with monoclonal antibody (G2A5), and kept for 1 hr at
room temperature, and the plate was washed four times with PBS
containing 0.5% Tween 20. Then, 100 ul of horseradish peroxidase-
labeled (PO)-Fab’ solution (3 pg/ml) of polyclonal anti-rhLECT2 anti-
body was prepared (15) and added to the well, and kept for 1 hr at
room temperature, and the plate was washed four times with PBS
containing 0.5% Tween 20. Then, 100 ul of the substrate solution
containing tetramethylbenzidine and hydrogen peroxide was added
to the well and the reaction was terminated by addition of 100 pl of
1N phosphoric acid. The plate was measured with a plate reader at
450-650 nm. The LECT2 amounts were calibrated with a standard
curve of rhLECT2. Protein amount of each hepatoma cell line was
determined using the supernatant of cell lysate prepared with the
lysis buffer, pH 7.5, containing 50 mM HEPES, 0.1% Tween-20, 150
mM NaCl, 1 mM EDTA and 2.5 mM EGTA.

Immunostaining of LECT2 in the liver. Two formalin-fixed and
paraffin-embedded liver needle biopsies were processed for following
indirect immunoperoxidase methods as described previously (16).
These liver biopsies were obtained from a 32-year-old male and 43-
year-old female for histological examination because they were posi-
tive for anti-hepatitis C virus antibody. In spite of positive serum
antibody, the patients were judged not to be infected with hepatitis C
virus by negative immunostaining for this virus (11). Histologically,
these livers were demonstrated to be nearly normal. Briefly, deparaf-
finized sections, 4 um in thickness were incubated with an anti-
LECT2 polyclonal antibody or each of two monoclonal antibodies
(G2A5 and 89F2) at a dilution of 1:500 at 4°C overnight, and with
goat anti-rabbit 1gG in the case of polyclonal antibody or goat anti-
mouse 1gG in the case of monoclonal antibody, conjugated with PO
(Medical & Biological Labs. Co. Ltd., Nagoya, Japan) at a dilution
of 1:500 for 1 h at 37°C. The reaction products were visualized by
treatment with 3,3’-diaminobenzidine tetrahydrochloride, and the
sections were further briefly counterstained with hematoxylin. After
each step, the sections were rinsed with PBS. As a blocking control,
the fist antibodies were absorbed with its antigen (45 ng of antigen
in 1 ml of each antibody diluted by 1:500) for 1h at 37°C, followed
by clarification by centrifugation, and applied to the sections. Other
controls include replacement of the first antibody with normal rabbit
serum and elimination of the first antibody reaction.

RESULTS

Expression of rhLECT2 in mammalian cells. Vari-
ous stable transfectants derived from CHO cells and
L929 cells transfected with LECT2 cDNA expression
vector were screened out. Six stable transfectants
C1D8-1, C2A6 and C2B5-1 derived from CHO and
L1B2-1, L2E4-1 and L2F8-5 from L929 highly ex-
pressed a 16-kDa protein (Fig. 1A). These six cell clones
mostly produced the 16-kDa protein into the culture
supernatants, but non-transfected CHO cells and L929
cells were not detected for the 16-kDa protein. The
clones C1D8-1 and L2E4-1 cells produced the protein
at the highest levels.

Purification of rhLECT2 from transfectants. We pu-
rified the 16-kDa protein from the culture fluids of the
C1D8-1 and L2E4-1 cell. Purification procedures fol-
lowed the method used for purification of native
LECT2; DEAE-Sepharose and CM-Sepharose column
chromatographies (6). The 16-kDa proteins were com-
pletely purified by the CM-Sepharose column rechro-
matography (Fig. 1B). The elution profile of sample

117



Vol. 237, No. 1, 1997

A
CHO L929 B
- '._':_‘_:-ﬁ‘,l_'_m kDa
VOB o N T ® 974 ~
RESNSRNY 66.2
OO0 i 45 .
kDa
3;.3-!.‘1‘“"!!" 31
T . ]
450- . s 215
31.0- 144 w
21.5-
- - -
14.4-

FIG. 1.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Fraction No.

7 8 9 10 111213 14 1516 17 18 1920 21

- roge-

rhLECT2 expression in stable transfectants of CHO and L929 cells. A, Screening of transfectant clones expressing rhLECT2.

The culture fluid (10 ul) was analyzed by a 15% SDS-PAGE using an Image Analyzer BAS 2000. B, SDS-PAGE of rechromatography of
CM-Sepharose column in the purification of rhLECT2 from culture fluid of CHO C1D8-1 cells.

derived from C1D8-1 cells was almost identical to that
from L2E4-1 cells. The protein from the CM-Sepharose
chromatography step yielded 22 mg protein from 8 li-
ters culture fluid of C1D8-1 cells and 1.6 mg from 4
liters of L2E4-1 cells, respectively. The N-terminal
amino acid sequence of 16-kDa protein was determined
as GPWANIXAG, indicating the homologous sequence
to previously determined sequence of bovine LECT2
(bLECT?2) after cleaved at the site between Ala-18 and
Gly-19 to eliminate the signal sequence (6). The amino
acid sequences of N-terminus of the proteins from
C1D8-1 cells gave two peaks by HPLC on a hydroxylap-
atite column chromatography were identical (data not
shown). Moreover, the molecular mass of rhLECT2 in
the peaks was identical on SDS-PAGE.

Specificity of monoclonal antibody and polyclonal an-
tibody to rhLECT2. We determined the reactivity of
monoclonal antibodies A1G1, H12D10, G2A5, and 89F2
with rhLECT2 by Western blotting analysis. As shown
in Fig. 2, three monoclonal antibodies specifically re-
acted with rhLECT2. The monoclonal antibodies
H12D10, G2A5 and 89F2 similarly reacted with
rhLECT2 with the same level, whereas A1G1 weaker.
In addition, we determined the subclass of the mono-
clonal antibodies of rhLECT2 as follows; A1G1C6 and
G2A5 were 1gG2b, and H12D10 was IgM.

Secretion of LECT2 from hepatoma cell lines. As
the mRNA is mainly expressed in human liver and
detected in human hepatoma cell lines (submitted), the
antibodies were applied to quantify LECT2 concentra-
tion in the culture fluid of various human hepatoma
cell lines. We measured LECT2 secreted into the cul-
ture fluid of human hepatoma cell lines HuH-6, HuH-
7, HLE, HLF, PLC/PRF/5 and HepG2 by ELISA
method (Fig. 3). HuH-6 cells showed the highest secre-
tion (135 ng/mg protein), and HuH-7 cells and HLF
cells showed the lowest secretion (30 ng/mg protein).

LECT2 was not detected in HLE under these condi-
tions. The differences in concentration of hLECT2 in
the culture fluids of these six hepatoma cell lines were
parallel to mRNA expressions (submitted).

Immunostaining of the liver. Based on the secretion
of LECT2 from human hepatoma cell lines parallel
with the mRNA expression, we applied the antibodies
to the histological examination of hLECT2 in human
liver biopsy. As shown in Figs. 4A-C, the polyclonal
antibody gave positive staining of the two human liv-
ers. All the hepatocytes showed nearly diffuse positive
staining within the cytoplasm in a homogenous pat-
tern, although some periportal hepatocytes tended to
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FIG. 2. Western blotting of rhLECT2 with monoclonal antibod-
ies. Reactivity of four monoclonal antibodies H12D10, G2AS5, and
89F2 were tested by Western blot using purified rhLECT2 (1 ug/lane)
and E. coli lysate (JM109). CBB, Coomassie brilliant blue staining.
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FIG. 3. Expression and secretion of LECT2 from hepatoma cell
lines. Concentrations of LECT2 in the culture fluids were measured
by the sandwich ELISA system. Cellular protein represents the con-
centration of total cell lysate as described in Materials and Methods.

exhibit somewhat weaker and granular staining. Al-
though the staining patterns obtained with polyclonal
and one monoclonal (89F2) were the same, the staining
intensity was much weaker for monoclonal antibody
than for polyclonal antibody (data not shown). Except
for the hepatocytes, the endothelial cells of hepatic ar-
teries and portal veins of portal tracts and central veins
were positively stained for LECT2 (Fig. 4C). The
blocking control and other controls abolished positive
staining of hepatocytes (data not shown), thus confirm-
ing that the staining is specific to LECT2. The mono-
clonal antibody G2A5 gave the negative staining result.

DISCUSSION

In the present study, we obtained six stable transfec-
tants of CHO and L929 cells producing and excreting
rhLECT2 mainly into the culture fluids. The amino
acid sequence of N-terminus of rhLECT2 purified from
the culture fluids from the two clones C1D8-1 and
L2E4-1 contained the sequence of a cleavage site be-
tween Ala-18 and Gly-19 to eliminate the signal se-
quence and was homologous to that of the purified
bLECT?2 described previously (6). This supports that
the molecular mass of rhLECT?2 is almost identical to
native bLECT2 on SDS-PAGE (6). This strongly sug-
gests that native mature hLECT2 is secreted from cells
after cleaved at the same site.

In order to examine the physiological role of hNLECT2
in vivo we prepared both monoclonal and polyclonal
antibodies to rhLECT2 in the present study. Consistent
with LECT2 mRNA expression in human liver (submit-
ted), we demonstrated that most hepatoma cell lines
expressed LECT2. The concentrations of LECT2 se-
creted in the culture fluids of the six hepatoma cell lines
showed parallel to the mRNA expressions. Further, the
formalin-fixed and paraffin-embedded specimen from
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liver biopsy was specifically reacted with the antibod-
ies. These results strongly suggest that LECT2 pro-
duced in hepatocytes is secreted in vivo. Furthermore,
the LECT2 revealed to localize in some endothelial cells
of hepatic arteries, portal vein and central veins by
immunostaining, but these contents were much less

FIG. 4. Distribution of LECT2 in liver tissue. Histological obser-
vations of LECT2 in human liver by immunostaining technique using
polyclonal antibody to rhLECT2. The formalin-fixed and paraffin-
embedded specimen from liver biopsy was stained. Pt, portal trait;
Cv, central vein. A, X100; B, X200; C, the hepatic arteries (small
arrows) and the portal veins (large arrow) exhibit positive linear
staining along the endothelial lining. The hepatocyte surrounding
the portal tracts show positive staining within he cytoplasm, weakly
counterstaining by hematoxylin, X200.
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than those of hepatic cells. The endothelial cells of sinu-
soids are free of LECT2 immunostaining. The signifi-
cance of endothelial localization of above three vessels
in addition to hepatocyte awaits further investigation.

Concerning the role of LECT2 in vivo, this protein
may take part in another important physiological role
in the human livers in addition to chemotactic activity
in vitro. In normal liver, LECT2 is expressed, but neu-
trophil infiltration has not been observed, suggesting
that LECT2 may not be chemotactic protein in vivo by
unknown reasons. The other hand, in liver disease such
as Mallory bodies in alcoholic liver disease (17) and
ductural transformation of hepatic cords associated
with periportal hepatocellular loss (18) without bacte-
rial infection, neutrophilic infiltration in liver has been
observed. In these cases, LECT2 or other chemotactic
factor such as IL-8 may act in the tissue. The relation
of LECT2 or other chemotactic factor(s) with these dis-
eases remains to be clarified.

Our present finding that LECT2 is expressed and
secreted from liver hepatocytes in vivo may suggest a
novel physiological function of this protein in addition
to the original activity to neutrophils in vitro.

ACKNOWLEDGMENTS

This work was supported in part by grants from the Japan Health
Science Foundation and from the Science and Technology Agency of
Japan for Special Coordination Funds for Promoting Science and
Technology, by Grant for Environmental Research of Japan Environ-
mental Agency, and by Grant-in-Aid for Scientific Research of the
Ministry of Education, Science and Culture of Japan, to SY and KS.

REFERENCES

1. Schiffmann, E. (1982) Annu. Rev. Physiol. 44, 553—-568.
2. Suzuki, K., Yamano, M., Kawai, M., Nakajima, T., Ishida-Oka-

120

10.

11.

12

13.

14.

15.

16.

17.

18.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

wara, A., Yamagoe, S., Hatsu, M., Imai, S., Suzuki, M., Mizuno,
S., and Hotta, K. (1993) Bioimages 2, 149-154.

Yoshimura, T., Matsushima, K., Tanaka, S., Robinson, E. A,,
Appella, E., Oppenheim, J.J., and Leonard, E. J. (1987) Proc.
Natl. Acad. Sci. U. S. A. 84, 9233-9237.

Suzuki, K., Miyasaka, H., Ota, H., Yamakawa, Y., Tagawa, M.,
Kuramoto, A., and Mizuno, S. (1989) J. Exp. Med. 169, 1085—
1091.

Tada, M., Suzuki, K., Yamakawa, Y., Sawamura, Y., Sakuma,
S., Abe, H, van Meir, E., and de Tribolet, N. (1993) J. Neuro-
Oncol. 16, 25-34.

Yamagoe, S., Yamakawa, Y., Matsuo, Y., Minowada, J., Mizuno,
S., and Suzuki, K. (1996) Immunol. Lett. 52, 9—-13.

Suzuki, K., Yamakawa, Y., Matsuo, Y., Kamiya, T., Minowada,
J., and Mizuno, S. (1993) Immunol. Lett. 36, 71-81.
Oppenheim, J. J., Zachariae, C. O., Mukaida, N., and Matsus-
hima, K. (1991) Annu. Rev. Immunol. 9, 617-648.

Feng, Y., Broder, C. C., Kennedy, P. E., and Berger, E. A. (1996)
Science 272, 872-877.

Deng, H. K., Liu, R., Ellmeier, W., Choe, S., Unutmaz, D., Burk-
hart, M., Marzio, P. D., Marmon, S., Sutton, R. E., Hill, C. M.,
Davis, C. B., Peiper, S. C., Schall, T. J., Littman, D. R., and Lan-
dau, N. R. (1996) Nature 381, 661—666.

Dragic, T., Litwin, V., Allaway, G. P., Martin, S. R., Huang, Y.,
Nagashima, K. A., Cayanaan, C., Maddon, P.J., Koup, R. A.,
Moore, J. P., and Paxton, W. A. (1996) Nature 381, 667—-673.
Ohuchi, T., Katoh, N., Ueno, T., and Arai, T. (1994) Bioimages
2, 101-109.

Yohsida, K., Arai, T., Yokota, T., Komatus, N., Miura, Y., Yanagi-
sawa, K., Tetsuka, T., and Tomunaga, S. (1995) Hybridoma 14,
419-427.

Laemmli, U. K. (1970) Nature 227, 680—-685.

Ishikawa, E., Imagawa, M., Hashida, S., Yoshitake, S., Hama-
guchi, Y., and Ueno, T. (1983) J. Immunoassay 4, 209-327.
Uchida, T., Shikata, T., Tanaka, E., and Kiyosawa, K. (1994)
Virchows Arch. 424, 465-469.

Uchida, T., Kronborg, I., and Peters, R. L. (1984) Liver 4, 233—
243.

Uchida, T., and Peters, R. L. (1983) Am. J. Clin. Pathol. 79, 326—
333.



