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Animal lectins play important roles in a variety of
biological processes via their recognition of gly-
coconjugates. Galectin-3 is a f-galactoside-bind-
ing lectin previously designated as eBP (IgE-
binding protein), CBP35, Mac-2, L-29, and L-34,
and its expression bas been associated with var-
ious pbysiological and pathological processes,
including cell growth, tumor transformation,
and metastasis. Galectin-3 is widely distributed
in various tissues and cell types and is expressed
in many leukocytes, with the notable exception of
B and T lympbocytes. We now report that galec-
tin-3 is abundantly expressed in a number of
buman T lympbotropic virus (HILV)-I-infected
buman T cell lines, including F6T, HUT 102, K3T,
MT-2, and SLB-I, but is not expressed in non-
HTLV-I-infected T cell lines such as Jurkat, CEM,
and MOLT-4. In addition, the galectin-3 level was
markedly increased in buman thymocytes after
infection with HILV-I as compared with unin-
JSected thymocytes. The up-regulation of galec-
tin-3 expression appeared to correlate well with
HTLV-I gene expression, as undetectable or very
low levels of galectin-3 were found in the S1T and
ATL-IK cell lines, which are nonproductively in-
Sected with HTLV-I1. In co-transfection experi-
ments, the galectin-3 promoter was significantly
up-regulated by expression vectors encoding
the 40-kd Tax protein, a potent transactivator
in HTLV-1. Analysis of various Tax mutants
suggested that galectin-3 promoter induction is

dependent on activation of thbe cyclic-AMP-
responsive element binding protein/activation
transcription factor family of transcription fac-
tors and, to a lesser extent, nuclear factor-«B/
Rel induction. Transfection of buman promono-
cytic U-937 cells with an HTLV-I Tax expression
vector induced galectin-3 expression in this cell
line. Functionally, galectin-3 was shown to acti-
vate interleukin-2 production in Jurkat T cells.
Togetber, these findings raise the possibility that
HTLV-I Tax production induces the transcription
and subsequent syntbesis and secretion of galec-
tin-3, which in turn may furtber activate these
T cells and contribute to the altered properties
of cell growth found in adult T cell leukemia
induced by HILV-IL (Am J Pathol 1996,
148:1661-1670)

Human T leukemia/lymphoma virus (HTLV)-l is a type
C retrovirus that produces disease within the CD4*
subset of T lymphocytes and is clinically manifested
as adult T-cell leukemia/lymphoma (for reviews see
Refs. 1-4). In vitro infection of T lymphocytes by
HTLV-I results in up-regulation of a number of cellu-
lar proteins and immortalization of these cells. Many
of the biological effects of HTLV-I infection on T cells
are believed to be the result of the viral Tax protein,
which augments expression of all HTLV-I gene prod-
ucts through effects on the HTLV-I long terminal
repeat but also activates many cellular genes includ-

This manuscript is publication 8008-MEM of the Department of
Molecular and Experimental Medicine of The Scripps Research
Institute.

Supported by National Institutes of Health grants Al20958 and
AI32834 (F-T. Liu). The General Clinical Research Center at the
Scripps Clinic is supported by National Institutes of Health grant
MO1RR00833.

Accepted for publication January 31, 1996.

Address reprint requests to Dr. Daniel K. Hsu, Department of
Molecular and Experimental Medicine, SBR-4, The Scripps Re-
search Institute, 10666 North Torrey Pines Road, La Jolla, CA
92037.

1661



1662 Hsu et al
AJP May 1996, Vol. 148, No. 5

ing interleukin (IL)-2 and the a-subunit of the high
affinity IL-2 receptor complex.2 In this communica-
tion, we report that HTLV-I infection of T cells results
in a marked increase in expression of the B-galacto-
side-binding lectin, galectin-3, and furthermore, that
these effects involve the action of the viral transacti-
vator Tax.

Galectin-3 is a member of a newly defined and
growing family of animal lectins®>® previously desig-
nated as IgE-binding protein (eBP) for its IgE-binding
activity’® and as CBP35,'%"" CBP30,'2 Mac-2,'314
L-29,"® and L-34."%"7 This M, 31,000 protein is com-
posed of two apparent domains; the amino-terminal
domain consists primarily of tandem repeats of nine
amino acids and the carboxyl-terminal domain con-
tains the carbohydrate-binding region.'®

Studies from a number of laboratories suggest
that galectin-3 may have a wide range of functions.
This lectin was found to be up-regulated in prolif-
erating fibroblasts as compared with quiescent
cells, and the protein was found to be located in
the nucleus of the proliferating cells, suggesting
an association of its expression with cell growth.®
More recent preliminary data have suggested a
positive role for this protein in pre-mRNA splic-
ing.2° Expression of galectin-3 has also been cor-
related with the neoplastic transformation and met-
astatic potential of tumor cells.?! Galectin-3 is also
present on the cell surface, and the laminin-bind-
ing activity of this lectin has been identified.?223
Thus, this lectin may play a role in cell adhesion to
basement membranes.2® Finally, galectin-3 is se-
creted by various cells'32425 and may function
extracellularly to modulate various properties of
different cell types.2®

The distribution of galectin-3 is quite diverse,
and its expression in various leukocytes has
been observed, including neutrophils,?” macro-
phages,'® and eosinophils.?® In view of the wide
tissue distribution of galectin-3, it is remarkable
that this lectin is not present or only sparingly
expressed in normal lymphocytes and several lym-
phoid cell lines.”?® However, recent studies in-
volving the HTLV-l-infected T cell line HUT 102
revealed that galectin-3 consistently co-purified
with the viral envelope protein gp46 (S. R.
Hammes and W. C. Greene, unpublished results).
This finding prompted us to perform more exten-
sive analyses of the relationship between galec-
tin-3 expression and HTLV-l infection and the
mechanism underlying its unexpected expression
in these immortalized human T cells.

Materials and Methods
Reagents

Recombinant human galectin-3 was prepared as de-
scribed.2° Rabbit polyclonal anti-human galectin-3
was generated using a standard protocol as previ-
ously described.®' Recombinant murine I1L-2°2 gen-
erously provided by Dr. H. Karasuyama, Basel Insti-
tute for Immunology, Switzerland, was obtained
through Dr. H Kishimoto, Scripps Research Institute.

Cells

Cell lines included 1) HTLV-l-infected human T cell
lines FBT,3® HUT 102,3* MT-2,%® and SLB-1,%6%7
which express viral proteins, 2) HTLV-l-infected but
nonproductive cell lines ATL-1K3® and S1T,33%° 3)
uninfected human T cell lines CEM, MOLT-4, and
Jurkat, 4) a murine B cell line M12.4.5, which is an
oubain-resistant subclone of M12.4.2° and was
originally from Dr. R. Asofsky (National Institutes of
Health, Bethesda, MD), 5) a human promonocytic
cell line, U-937,' 6) human thymocytes and the
HTLV-l-infected human thymocyte cell line TC91™,
kindly provided by Dr. C. Tsoukas (San Diego State
University, San Diego, CA) and demonstrated to be
transformed and expressing viral proteins,*? and 7)
Jurkat E6-142 and CTLL-2, obtained from American
Type Culture Collection (Rockville, MD). ATL-1K,
MT-2, and SLB-I cell pellets were kindly provided by
Dr. W. Wachsman (University of California, San Di-
ego, La Jolla, CA). The remaining cell lines were
cultured in Dulbecco’s minimal essential medium or
RPMI 1640 medium supplemented with 10% heat-
inactivated fetal bovine serum and 2 mmol/L glu-
tamine.

Detection of Galectin-3 by Immunoblotting
Analysis

Cell lysates were prepared as previously de-
scribed,** and galectin-3 present in the lysates was
purified by affinity adsorption with lactosyl-Sepha-
rose 4B*® and detected by immunoblotting analysis.
Specifically, cell lysates containing 100 to 400 ug of
total cellular proteins were adsorbed with 25 ul of
lactosyl-Sepharose 4B, and bound proteins were
eluted and resolved by sodium dodecyl sulfate
polyacrylamide gel electrophoresis.*® Separated
proteins were then transferred to polyvinylidene
difluoride membranes (Millipore, Bedford, MA) by
electroblotting,*” and galectin-3 was detected
by using a rabbit anti-galectin-3 antibody followed
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by goat anti-rabbit IgG-alkaline phosphatase conju-
gate and chemiluminescent detection using a Tropix
kit (Bedford, MA) or by '®l-labeled protein A and
autoradiography. Quantitative comparisons of galec-
tin-3 were performed by adsorption of equivalent
protein contents from each cell lysate. Densitometry
was performed on an LKB Ultroscan XL.

Construction of Expression Vectors

HTLV-I Tax wild-type (pcTaxWT) and mutant expres-
sion vectors transactivating through the cyclic-AMP-
responsive element binding protein/activation tran-
scription factor (CREB/ATF) pathway, pcTaxM22
(HTLV-I Tax expression vector impaired for CREB/
ATF transactivation pathway only), the nuclear factor
(NF)-kB/Rel pathway, pcTaxM47 (HTLV-l Tax ex-
pression vector impaired for NF-«B/Rel pathway
only), and inactive vectors pcTaxM20, pcTaxM21,
and pcTaxM44 were described previously.*® In brief,
mutant vectors generated by site-directed mutagen-
esis resulted in replacement of wild-type amino acid
residues to Ala-Ser at '*'Thr-Leu for pcTaxM22 (The
location of pcTaxM22 has been confirmed to be
different from that published earlier.“® However, the
phenotype of this mutation remains exactly as de-
scribed.*?), '32Gly-Leu for pcTaxM20, **Pro-Asp for
pcTaxM21, or the replacement to Arg-Ser at position
319 eu-Leu for pcTaxM47. Mutants were evaluated
for their abilities to induce the CREB/ATF or NF-«xB/
Rel transcription pathways by their influence on
HTLV-I long terminal repeats or HIV-I long terminal
repeat promoters, respectively.4®

The murine galectin-3 promoter region,5° from the
BsrBI site in exon | and approximately 2 kb upstream
to an EcoRl site was obtained by gel purification of
the appropriate band and inserted into the pCAT-
basic vector (Promega, Madison, WI) to drive an
Escherichia-coli-derived  chloramphenicol acetyl-
transferase (CAT) gene. The pCAT-basic vector
used did not contain enhancer elements other than
those introduced within the insert.

Transfection of Cells

The murine B lymphoid cell line M12.4.5 was cul-
tured in Dulbecco’s minimal essential medium (Bio-
Whittaker, Walkerville, MD) supplemented with 10%
heat-inactivated fetal bovine serum (Hyclone, Salt
Lake City, UT) and 2 mmol/L glutamine and trans-
fected by electroporation.®” Briefly, actively dividing
cells were cooled on ice, washed once in serum-free
medium, and suspended in electroporation buffer at
2 x 107 cells/ml. DNA mixtures were precipitated in
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ethanol, resuspended in electroporation buffer, and
added to 0.2-ml aliquots of cell suspensions before
electrical discharge in a BioRad Gene Pulser appa-
ratus at 150 V and capacitance setting of 960 uF in
0.2-cm cuvettes.

Chloramphenicol Acetyltransferase Activity
Assays

Two days after transfection, cells were harvested,
washed sequentially with phosphate-buffered saline,
pH 7.2, and Tris-buffered saline containing 10
mmol/L EDTA, pH 7.5, and lysed in 125 ul of 0.25
mol/L Tris-HCI, pH 8.0, by three freeze-thaw cycles
in liquid nitrogen. CAT activity was determined by
the phase transfer method®? using [dichloroacetyl-
1,2-'4C]-chloramphenicol, (>50 mCi/mmol, New En-
gland Nuclear, Boston, MA) and n-butyl-coenzyme A
(Sigma Chemical Co., St. Louis, MO). The basal
activity of cells transfected with the pCAT-basic vec-
tor was subtracted from CAT activities of all other
transfections.

Analysis of DNA Sequences

The promoter region of the murine galectin-3 gene
was analyzed with the GCG program,*® and the mo-
tifs corresponding to transcription factors were de-
rived from the transcription factor database.%*

Activation of Jurkat E6-1 Cells and Assays
for IL-2

Recombinant human galectin-3 (4 to 100 ug/ml) was
added to Jurkat E6-1 cells and incubated for 24
hours at 37°C. IL-2 released from treated cells into
the media was quantified by an assay based on the
proliferation of an IL-2-dependent cell line, CTLL-2,
determined by the formazan method using the
3-(4,5-dimethylthiazol - 2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt;
substrate (Promega). Recombinant IL-2 was used as
standard in the assay. As a positive control, Jurkat
cells were also treated with phytohemagglutinin
(Murex, Dartford, UK) and phorbol myristate acetate
(PMA; Sigma) as described.*®

Results

Expression of Galectin-3 in Human T Cells
Infected with HTLV-I

To determine whether galectin-3 expression in T
cells correlates with HTLV-I infection, we surveyed a
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Figure 1. Expression of galectin-3 in buman T cells infected with HILV-1. Expression of galectin-3 in cells was measured by immunobloting of cell
lysates using a rabbit anti-galectin-3 antibody and chemiluminescent or '*°I autoradiographic detection. Lysates containing 100 pg of protein were
adsorbed on lactosyl-Sepharose 4B, resolved on 12.5% polyacrylamide, and transferred to polyvinylidene difluoride membranes. Galectin-3 was
detected by serial incubations with rabbit anti-galectin-3, alkaline phosphatase, or '*>I-labeled secondary antibody and developed with AMPPD or
autoradiography, respectively. A: Galectin-3 expression in buman T cell lines. Lanes 1 to9 correspond to cell lines Jurkat, S1T, FOT, HUT 102, ATL-1K,
MT-2, SLB-I, CEM, and MOLT 4, respectively. Lanes 1, 8, and 9, uninfected cell extracts; lanes 2 and 5, nonproductive HTLV-I-infected cell extracts;
lanes 3, 4, 6, and 7, productive HTLV-I-infected cell extracts. B: Expression of galectin-3 in buman thymocytes after infection with HTLV-I. Lanes
1 and 2 correspond to uninfected and HTLV-I-infected thymocytes, respectively. Each lane represents the galectin-3 present in 100 pg of total protein
Sfrom each lysate. These results are representative of more than two experiments.

number of uninfected and HTLV-I-infected T lympho-
cytic cell lines for galectin-3 expression by immuno-
blot. As shown in Figure 1A, significant amounts of
galectin-3 were present in HTLV-I-infected F6T, HUT
102, MT-2, and SLB-I cell lines. In contrast, galec-
tin-3 was not detectable in the uninfected cell lines
Jurkat, CEM, and MOLT-4 (Figure 1A) nor in Jurkat
E6-1 and CEM cells activated by phytohemaggluti-
nin and phorbol ester (data not shown). Isolated
peripheral blood lymphocytes also contained only
low levels of galectin-3 (data not shown).

The expression of galectin-3 appeared to gener-
ally correlate with the level of the HTLV-I viral gene
product, as shown by almost undetectable or no
galectin-3 in the nonproductively infected lines S1T
and ATL-1K, respectively, which are infected with
HTLV-I but do not express viral proteins.38° Corre-
lation of HTLV-I infection with galectin-3 expression
was further demonstrated by significantly enhanced
galectin-3 expression in human thymocytes after in-
fection. The level of galectin-3 in HTLV-l-infected
thymocytes was 4.7-fold greater than uninfected thy-

mocytes, as determined by immunoblotting and den-
sitometric analysis (Figure 1B).

Influence of HTLV-I Tax Expression Vectors
on Activity of the Murine Galectin-3
Promoter

Productive infection of cells with HTLV-I results in the
synthesis of the transactivating factor Tax, which
up-regulates a number of cellular genes via effects
on both CREB/ATF and NF-kB/Rel transcription fac-
tor pathways.2 Each pathway is independent of the
other and can be differentially activated by various
mutants of HTLV-I Tax.*® The roles of CREB/ATF and
NF-«B/Rel in regulation of the galectin-3 gene can,
therefore, be studied by co-transfection of the ap-
propriate HTLV-I Tax expression vector and the ga-
lectin-3 promoter coupled to a CAT reporter gene.
The influence of the HTLV-I Tax protein on the ga-
lectin-3 promoter was studied using the murine B cell
line M12.4.5, which does not express galectin-3. As



HTLV-I Infection Induces Galectin-3 Expression in T Lymphocytes 1665

_ 6 + pcTaxMad {7

g 6+ peTanm21 77

T 6+ petanmze

g 6+ pcTaxMa? 1

'g 6+ pcTanM22 7777 A

:% 6 + pcTaxllT - 7 24
pGalec3-CAT (6) ]

] 5 10 15 28 25 30

Relative Activity

Figure 2. Activation of the galectin-3 promoter by co-transfection with
HTLV-I Tax expression vectors in murine B cells. The murine galectin-3
promoter was introduced upstream of a bacterial CAT gene to form the
pGalec3-CAT expression vector. Co-transfection of M12.4.5 cells were
performed by electroporation with pGalec3-CAT and HTLV-I Tax ex-
Dpression vectors pcTaxWT (wild type), pcTaxM22 (induces the CREB/
ATF pathway), pcTaxM47 (induces the NF-k B/Rel pathway), and con-
trol vectors pcTaxM20, pcTaxM21, and pcTaxM44 that retain neither
CREB/ATF nor NF-«kB/Rel transactivating pathways. CAT activity was
measured on day 2 by differential phase transfer using [dichloroacetyl-
1,2-"*CJ-chloramphbenicol and n-butylcoenzyme A. A 20-ug amount of
each vector was used to transfect 4 X 10° cells. All values were
corrected for basal CAT activity reflective of transfection with the
promoter-less CAT expression vector and are expressed relative to pGa-
lec3-CAT alone (unity). Data are means of duplicate transfections,
shown with error bars indicating the bigh value. These results are
representative of two experiments.

demonstrated by the CAT activity in Figure 2, the
galectin-3 promoter was considerably up-regulated
by the wild-type Tax expression vector (pcTaxWT),
which is known to stimulate both CREB/ATF and
NF-kB/Rel transcription factor pathways.*® In con-
trast, control vectors pcTaxM20, pcTaxM21, and
pcTaxM44, which fail to induce through either path-
way, induced only low levels of CAT activity. The
pcTaxM22 and pcTaxM47 mutant vectors, contain-
ing CREB/ATF-inducible and NF-kB/Rel-inducible
activities, respectively,*® were also able to up-regu-
late the galectin-3 promoter. pcTaxM22 was almost
as effective as pcTaxWT in up-regulating the galec-
tin-3 promoter, whereas pcTaxM47 was less effec-
tive.

Induction of Galectin-3 Expression in
Human Promonocytic U-937 Cells

In an effort to investigate the influence of Tax on the
galectin-3 promoter under permissive conditions in
the native state, the wild-type HTLV-I Tax expression
vector was transfected into the human promonocytic
line U-937. These cell types are known to express
galectin-3 upon differentiation and are thus suitable
for this purpose.®® As shown in Figure 3, galectin-3
expression was initiated in U-937 cells with the wild-
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Figure 3. Induction of galectin-3 expression in U-937 cells by trans-
Sfection with an HTLV-I Tax expression vector. The buman promono-
cytic cell line U-937 was transfected with the wild-type HILV-I Tax
expression vector (pcTaxWT) or control Tax expression vector and
assessed for galectin-3 expression 2 days later. Galectin-3 in the cell
lysates was detected as described in Figure 1. Lane 1, extracts from
untransfected U-937 cells; lane 2, extracts from cells that were sham
transfected; lane 3, extracts from cells transfected with pcTaxWT; lane
4, extracts from cells transfected with control vector. In each transfec-
tion, 4 X 10° cells were used and electroporations were performed with
40 ug of DNA. These results are representative of two experiments.

type Tax expression vector. The control Tax expres-
sion vector pcTaxM44, in which both CREB/ATF and
NF-«B/Rel pathways are inactive, induced galectin-3
expression only marginally over the sham transfec-
tion in U-937 cells. The negligible leakiness in galec-

tin-3 expression relative to untransfected cells may

be due to unrelated stimuli imparted to U-937 cells
merely by introduction of the DNA.

Potential CREB/ATF and NF-«kB/Rel Binding
Sites in the Mouse Galectin-3 Promoter

Possible CREB/ATF and NF-«B/Rel binding sites
within the mouse galectin-3 promoter®® were identi-
fied by homology search (Figure 4). The exon 1
sequence depicted was obtained from the cDNA
sequence of murine galectin-3,'® and several appro-
priately positioned motifs relative to exon 1 appear in
the promoter. Each site shown differs from the clas-
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Figure 4. Relative positions of CREB/ATF and NF-kB/Rel motifs in the
promoter region of galectin-3. Motifs closely corresponding (one base
mismatch) to those for CREB/ATF and NF-«xB/Rel® were positioned
according to murine galectin-3 genomic DNA sequence from Gritz-
macher et al.*® Exon 1 is based on the 5 -untranslated sequence of
murine galectin-3 cDNA,’® and the transcription start sites (* were
from Rosenberg et al.>® This apparent divergence in observed tran-
scription start sites may be due to the absence of a TATA consensus in
this promoter.*” ¢ The alternate splice junction in exon 1 was de-
scribed in Gritzmacher et al.>®

sical enhancers by a single mismatch. Also shown
are likely transcription start sites®® and an alternate
exon 1/exon 2 splice junction.®°

Activation of Jurkat E6-1 Cells by
Galectin-3

A consequence of galectin-3 expression in T lym-
phocytes is that this lectin may activate the cells in
an autocrine fashion by binding and cross-linking
appropriately glycosylated cell surface receptors
through mechanisms similar to mitogenic activities of
plant lectins. As shown in Figure 5, galectin-3 acti-
vated Jurkat E6-1 cells in a dose-dependent manner,
as determined by IL-2 secretion from treated cells.
Significant activation was observed with galectin-3 at
42 pg/ml (P = 0.0091, paired t-test), and galectin-3
at 100 pg/ml induced activation to an extent similar
to that observed with the combination of phytohem-
agglutinin and PMA. The activation was inhibited by
lactose, suggesting that the action of galectin-3 is
dependent on its lectin function. Unlike the plant
lectin phytohemagglutinin, induction of IL-2 secre-
tion resulting from activation of Jurkat cells by galec-

h.33

8.8 -
0.6 -
0.4 - 7
N7
0.2 {7 7?/
200
|1l

1 1 1 T 1 ||
NonePIjH 4 10 42 70 100 100
PMA Lactose
[Galectin-3], ug/ml

Afgg2 NmM

UMMM -

Figure 5. Activation of Jurkat EG-1 cells by galectin-3. IL-2 secreted by

Jurkat EG-1 cells incubated with various activation factors was deter-

mined with the IL-2-dependent murine cell line CTLL-2 as described in
Materials and Methods using the formazan method to measure prolif-
eration rates. phytobemagglutinin and PMA were used in cultures at 1
ng/ml and 50 ng/mi, respectively. The lectin activity of galectin-3 was
inhibited with the specific saccharide lactose at 25 mmol/L. The data
represent means = SD of triplicate measurements. Similar results were
obtained in two separate experiments.

tin-3 was not dependent on concurrent activation by
PMA. No additional activation was observed when
Jurkat cells were treated with both galectin-3 and
PMA (data not shown). Galectin-3 was not mitogenic
to responder CTLL-2 cells at concentrations tested
for the activation of Jurkat E6-1 cells. This suggests
that the responses observed in the CTLL-2 cells did
not result from soluble galectin-3 transferred with
medium from the Jurkat cells cultured with the lectin.

Discussion

We concluded from this study that HTLV-Il infection of
T cells leads to a marked increase in galectin-3 gene
expression resulting from transactivation by the viral
Tax protein. The results obtained with the mutant Tax
expression vectors allowed us to conclude that the
activation of the galectin-3 gene by the Tax protein
independently involves primarily the CREB/ATF and,
to a lesser extent, the NF-«B/Rel transcription factor
pathways. Inspection of the 5’-flanking sequence of
murine galectin-3 genomic DNA, which we previ-
ously cloned,®° in fact revealed a number of potential
enhancer elements quite similar to CREB/ATF and
NF-«B/Rel binding sites (Figure 4). CREB/ATF alone
appears to constitute full activity when compared
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with the Tax wild-type expression vector, suggesting
a major role for this transcription factor pathway. It is
also possible that an additional pathway is recruited
by CREB/ATF for activation of the galectin-3 pro-
moter. Lower activation of the galectin-3 promoter by
NF-kB/Rel suggests that this pathway may be of
lesser significance.

Our finding that up-regulation of galectin-3 ex-
pression occurs in HTLV-l-infected T cells convinc-
ingly demonstrates that the expression of this protein
can be influenced by viral infection. Of interest is the
previous observation by Moutsatsos et al'® that 3T3
cells transformed with the Kirsten murine sarcoma
virus expressed much higher levels of galectin-3
when compared with uninfected cells. Induction of
galectin-3 expression by viral influence is likely to be
significant because existing information on galec-
tin-3 suggests that expression of galectin-3 in some
cells may in fact contribute to the transformed phe-
notype in tumor cells. It has been reported that trans-
fection of 3T3 fibroblasts with galectin-3 cDNA re-
sulted in cells exhibiting morphology of transformed
cells, ie, loss of contact inhibition, anchorage-inde-
pendent growth in agar, and disruption of structural
microfilament organization.?" In addition, fibrosar-
coma cells transfected with the galectin-3 cDNA,
and thus expressing elevated levels of this lectin,
showed a significantly enhanced ability to colonize in
lungs of mice infused with these cells, suggesting
that this lectin is capable of conferring the metastatic
phenotype.2 '

Galectin-3 expression may be closely related to
cell growth. Increased levels of this lectin are found
in proliferating fibroblasts, and the protein shows
prominent nuclear localization in proliferating cells.®
As infection with HTLV-I leads to spontaneous pro-
liferation of T cells,® it is possible that elevated ex-
pression of galectin-3 may be linked to this prolifer-
ative response. A possible mechanism by which
cells are induced to proliferate by galectin-3 is by
autocrine stimulation of susceptible receptors on the
cell surface. Although no conventional signal se-
quence is present in cDNA coding for galectin-3,
secretion has been demonstrated from a variety of
cell types,® and it would be expected that the lectin
would be secreted from T cells in a similar manner.
Galectin-3 is capable of activating monocytes/mac-
rophages,®” mast cells,>® and neutrophils by inter-
acting with cell surface glycoproteins.®® This study
now demonstrates that galectin-3 is also capable of
activating T lymphocytes. As a factor able to partic-
ipate in autocrine stimulation in T cells, galectin-3
may be compared to the up-regulation of IL-2/IL-2
receptor by Tax®® as early events contributing to cell
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proliferation resulting from HTLV-I infection.6™-62 In
fact, we have recently observed in gene transfection
experiments that galectin-3 expression in leukemic T
cells results in an enhanced rate of cell growth (R.-Y.
Yang, D. K. Hsu, and F.-T. Liu, manuscript submit-
ted). The beneficial roles of galectin-3 to tumor cell
growth suggests that expression of this lectin may
indeed contribute to pathogenesis in individuals in-
fected with HTLV-I.

Significantly, the finding that up-regulation of ga-
lectin-3 expression may occur through CREB/ATF
and NF-«B/Rel transcription factor pathways, or al-
ternatively through activation of a secondary path-
way resulting from activation of the above, provides
insights into how expression of this member of the
novel multifunctional animal lectins might be regu-
lated. This information also suggests possible fac-
tors/conditions that lead to the induction of this pro-
tein. Other viruses may up-regulate galectin-3, as
many viral transactivating factors are known to acti-
vate the NF-kB/Rel pathway.®® In addition, NF-kB/
Rel was proposed to be a signal transducer in the
immediate early phases of immune responses,®*
and it can be induced by various stimuli, including
ultraviolet radiation®® and oxidative processes.®*
Thus, it is possible that galectin expression is influ-
enced under these conditions.

In summary, this study allowed identification of
mechanisms by which galectin-3 expression is reg-
ulated and thus provided a basis for further delinea-
tion of regulatory mechanisms for expression of this
lectin in various other cell types. The study also
yielded new information on HTLV-I infection. Addi-
tional studies of the function of galectin-3 in HTLV-I-
infected T lymphocytes, including the identification
of cell surface glycoconjugate ligands, may provide
important insights into the pathogenesis of HTLV-I
infection.
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