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ABSTRACT

Galectin-4 is a tandem-repeat-type galectin with two different carbohydrate recog-

nition domains (CRDs) that are connected via a small linker peptide. In the adult, 

galectin-4 is mainly present in epithelial cells of the alimentary tract, while upon 

development galectin-4 is also expressed and secreted by neuronal axons of the 

central nervous system (CNS). Previously, we revealed hat neuronal galectin-4 is 

a negative regulator of myelination that is transiently re-expressed on axons upon 

demyelination in experimental models, while being persistently present on axons 

in demyelinated multiple sclerosis lesions. As microglia/macrophages also harbor 

galectin-4 protein in demyelinated areas, we aimed to unravel whether both neurons 

and microglia/macrophages are cellular sources of galectin-4 upon demyelination 

by examining galectin-4 at the mRNA level. Using an in situ hybridization probe 

against the C-terminal CRD of galectin-4, galectin-4 mRNA was not detected in cu-

prizone-induced demyelinated corpus callosum. By contrast, qPCR analysis revealed 

an increase in galectin-4 mRNA levels upon lysolecithin-induced demyelination. 

RT-PCR analysis demonstrated that galectin-4 mRNA levels are increased in alter-

natively (IL-4)-activated bone marrow-derived macrophages. Surprisingly, two PCR 

products were observed, suggesting a possible new isoform of galectin-4. More elab-

orate RT-PCR analysis with different primer pairs revealed that in vitro, microglia and 

bone marrow-derived macrophages, but also oligodendrocytes and cortical neurons, 

expressed in addition a galectin-4 isoform with likely a similar linker length, but with 

a different N-terminal and C-terminal CRD as intestine galectin-4. Further research 

on this non-intestine isoform of galectin-4 is warranted before it can be concluded 

whether microglia/macrophages are cellular sources of galectin-4 upon CNS demy-

elination. 



3

93

A potential novel galectin-4 isoform present in brain-derived cells and bone marrow-derived macrophages

INTRODUCTION

Galectins are lectins that bind specifically to β-galactoside-binding glycoconjugates 

and known to have a role in numeral processes such as differentiation, inflammatory 

responses and intracellular signaling (reviewed by Barondes et al. 1994; Cummings 

and Liu 2009; Gabius 1997). Galectin-4 is a tandem-repeat-type galectin and con-

sists of two different carbohydrate recognition domains (CRDs) connected by a small 

linker peptide 406,407. Galectin-4 is synthesized as a cytosolic protein and while galec-

tin-4 harbors no signal peptide for secretion, the lectin is secreted via a non-classical 

secretion pathway 106. In healthy adults, galectin-4 is primarily observed in epithelial 

cells in organs along the alimentary tract 408,409, while galectin-4 expression is upreg-

ulated in several different cancers 410,411. The two CRDs of galectin-4 have different 

carbohydrate binding specificities, and therefore galectin-4 is able to simultaneously 

bind different ligands. In addition, the presence and length of the linker between the 

CRDs is crucial for the function of tandem-repeat-type galectins 49,412–415, including 

for the function of galectin-4 49,416. 

During brain development galectin-4 is present on axons, while its expression on 

axons is downregulated at the onset of myelination 49. Functional studies revealed 

that secreted neuronal galectin-4 negatively regulates the differentiation of oligo-

dendrocyte progenitor cells (OPCs) into myelin membrane forming oligodendro-

cytes 49. Both galectin-4 CRDs and the connecting linker region are essential for its 

role as a negative regulator of OPC differentiation 49. In addition, neurons regulate 

myelin deposition by sorting galectin-4 domains along the axon surface 153. Finally, 

galectin-4 is transiently expressed in the nucleus of immature oligodendrocytes and 

involved in the regulation of the expression of MBP 151, a major myelin protein that is 

imperative for myelination. While, in healthy adult brain tissue galectin-4 is virtually 

absent 49,288,408, upon demyelination galectin-4 is transiently re-expressed on axons 
147. In the neurodegenerative and demyelinating disease multiple sclerosis (MS), the 

re-expressed neuronal galectin-4 persists 147, and may contribute to remyelination 

failure in MS. Remarkably, and in contrast to developmental myelination, galectin-4 

is also present in microglia/macrophages upon cuprizone-induced demyelination, in 

chronic relapsing experimental autoimmune encephalomyelitis (crEAE) spinal cord 

lesions and in white matter MS lesions 147.  
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While both neuronal and oligodendroglial galectin-4 are regulators for myelination, 

a function for galectin-4 in microglia/macrophages in demyelinated areas remains to 

be determined. For example, it is still unclear whether the presence of galectin-4 in 

microglia/macrophages upon demyelination may be a result of endogenous produc-

tion of galectin-4 by microglia and/or by infiltrating macrophages, or by the uptake 

of secreted neuronal galectin-4. Of note, galectin-4 is localized to both the cyto-

plasm and nucleus in microglia/macrophages in demyelinated areas 147. Also, in vi-

tro, galectin-4 expression is increased in alternatively (IL-4)-activated microglia and 

bone marrow-derived macrophages (BMDMs) monocultures 147, suggesting that mi-

croglia/macrophages may endogenously express galectin-4. Here, we aimed to study 

whether microglia/macrophages are cellular sources of galectin-4 upon demyelin-

ation by in situ hybridization (ISH). Rather unexpectedly, and in contrast to previous 

findings at the protein level 147, our findings using an ISH-probe against the galec-

tin-4 C-terminal CRD revealed that galectin-4 mRNA was not detected upon cupri-

zone-induced demyelination, while qPCR analysis of lysolecithin-induced demyelin-

ated lesions demonstrated an increase of galectin-4 mRNA at de- and remyelination. 

Additional RT-PCR analysis using several distinct sets of primer pairs demonstrated 

that in vitro, BMDMs and microglia, but also oligodendrocytes and cortical neurons, 

expressed an alternatively spliced galectin-4 isoform in addition to galectin-4 pres-

ent in intestine epithelial cells that differs in its N-terminal and C-terminal CRD. 
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MATERIAL AND METHODS    

Toxin-induced demyelination

Cuprizone-induced demyelination

Experimental animal protocols for the cuprizone demyelination model and primary 

cell cultures were approved by the Institutional Animal Care and Use Committee 

of the University of Groningen (the Netherlands). All methods were carried out in 

accordance with national and local experimental animal guidelines and regulations. 

Eight to 10-week old adult male C57Bl/6 mice (Harlan) were individually housed in 

a controlled environment with free access to food and water in the central animal 

facility of the University Medical Center Groningen. To induce demyelination, mice 

were fed 0.2% cuprizone (bis-cyclohexanone oxalhydrozone, Sigma) mixed into 

standard rodent chow for five weeks. After 5 weeks of cuprizone-supplemented 

chow, mice were fed a standard chow diet for two weeks to allow for remyelination. 

Cuprizone-fed animals were sacrificed after three (DM 3 wks) and five weeks (DM 

5 wks) feeding and after two weeks remyelination (RM 2 wks). Control animals 

were kept at the same conditions for seven weeks without cuprizone feeding.  

 
Lysolecithin-induced demyelination

As described previously, processing of tissue and surgery were performed 221. Briefly, 

eight to ten week-old female CL57BL/6 mice were anaesthetized with isoflurane and 

lesions in the spinal cord were generated by direct injection of 1 µl 1% lysolecithin 

(Sigma) into the ventral funiculus. Mice were sacrificed at the indicated time post 

lesion and tissue processed for qPCR analysis as described 221,417. Control spinal 

cord tissues were taken from non-lesioned thoracic segments of spinal cord. 

Experiments were performed in compliance with UK Home Office regulations. 

 
Tissue preparation and selection cuprizone-induced demyelination

Mice were anesthetized with isoflurane and intracardially injected with an over-

dose of pentobarbital (Euthasol®, AST Farma). Mice were intracardially perfused 

with PBS, followed by 4% PFA in PBS (pH 7.4). Paraformaldehyde (PFA) perfused 

brains and intestines were cryoprotected in 20% sucrose in PBS at 4°C for 1-3 days. 
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Brains and intestines (only controls) were embedded in OCT, frozen on dry ice 

and sectioned at 16 µm. According to Steelman and colleagues demyelination in 

the corpus callosum after cuprizone-feeding is significant at -0.9 mm from Breg-

ma 418. Therefore, using the Allen Mouse Brain Atlas 371 as a reference, brain slices 

and the corpus callosum were studied at the level of 59-63 of the Atlas. Sudan Black 

staining (0.1% in 70% ethanol for 10-15 min) was used to identify demyelinated ar-

eas in the corpus callosum, which appear as pale areas. To check the specificity of 

the galectin-4 ISH probe, intestine slices of the control mice were used as a posi-

tive control. Brain and intestine slices (16 µm) were kept at -80°C until further use. 

 
In situ hybridization

A PCR product of 417 bp (RT-MM001, C-terminal CRD) galectin-4 mRNA (Lgals4) 

was prepared by RT-PCR using total RNA isolated from mouse intestinal tissue. 

Sequences of primers used for RT-PCR are described in table 1 and their location 

on the galectin-4 gene are depicted in figure 1. The fragment was subcloned into 

plasmid pGEM4 with promoters for SP6 and T7 RNA polymerase. The galectin-4 

antisense probe (417 bp) was transcribed using the DIG RNA labeling kit (Roche) 

and T7 RNA polymerase according to manufacturer’s protocol. A sense probe was 

used as a negative control by linearization of the plasmid and transcribed with the 

SP6 polymerase. The DIG-labeled probes used for in situ hybridization were diluted 

1:500 in hybridization buffer (formamide 50%, 200 mM NaCL, 5mM EDTA, 10 mM 

Tris-HCL, 5 mM NaH2PO4.2H2O, 5 mM Na2HPO4, Yeast RNA (Sigma R-7125; 100 

µg/ml), 10% Dextran sulphate, 1x Denhardts in DEPC-treated H2O). Before use 

the probe was denatured for 5-10 min at 75°C. In a humidity chamber intestine and 

brain sections were hybridized with the Lgals4 probe and afterwards covered with 

a glass coverslip and incubated overnight at 65°C. After incubation excess unbound 

probe was removed by subsequently wash the sections 3 times each in washing 

buffer (1x saline citrate buffer; 50% formamide, 0.1% Tween-20) in a waterbath at 

65°C. The first wash for 15 min and then each for 30 min. The slides were 2 times 

for 30 min incubated with 1x MABT (100 mM maleic salt pH 7.5, 150 mM Nacl, 0.1% 

Tween-20) at RT. Slides were blocked for 1 h with a blocking mixture (1x MABT, 2% 

blocking reagent (Roche; 1096176), 10% sheep serum). Slides were incubated with 

alkaline phosphatase-conjugated sheep anti-DIG Fab fragments (Roche; 1093274) in 

blocking solution overnight at 4°C. After washing with 1x MABT hybrids of RNA were 
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visualized with a mix of NBT/BCIP and 10% polyvinyl alcohol resulting in a dark 

purple deposition. After 1.5h – 3h the reaction was stopped by washing the slides 

in water. Sections were mounted with DPX mounting medium (Sigma). Samples 

were visualized with an Olympus bright field BX50 DIC microscope and images were 

acquired with the Olympus CellB program.     

Primary cell culture

Primary mixed glia cultures

Mixed glia cultures were generated from brain tissue obtained from 1-3 day-old Wis-

tar rats (Charles River) as described previously 375,419. In short, papain-digested cor-

tices were cultured in DMEM (Gibco) supplemented with 10% fetal bovine serum 

(FBS), 1% penicillin/streptomycin, 1% L-glutamine on poly-L-lysine (PLL; 5 µg/ml, 

Sigma) coated 80 cm2 flasks (Nunc). After 10-12 days a confluent astrocyte layer is 

formed to which microglia and OPCs adhere. 

Microglia

Microglia were shaken off with a 1h shake-off procedure on an orbital shaker (Innova 

4000, New Brunswick Scientific).) at 150 rpm at 37°C. Microglia were plated at a 

density of 2-3 x 106 cells/55 cm2 in culture medium (DMEM consisting 10% FBS, 

1% penicillin/streptomycin) supplemented with rat recombinant macrophage 

colony-stimulated factor (M-CSF; 10 ng/ml, PeproTech, before activation. Cells 

were gently scraped on day 7 and plated in culture medium at a density of 0.5 x 

106 cell/9.5 cm2/2 ml and stimulated for 6h with LPS (200 ng/ml, Sigma) and rat 

IFNγ (2000 U/ml, PeproTech) to induce classically activated microglia or stimulated 

with rat IL-4 (40 ng/ml, PeproTech) to induce alternatively activated microglia. 

Control microglia were cultured for the same period without additional stimuli. 

 
Oligodendrocytes 

After the 1h shake-off to obtain microglia, the flasks were shaken overnight at 

240 rpm and the medium consisting of remaining microglia, OPCs and some 

astrocytes were plated on a non-tissue culture dish at 37°C. In this so-called 

differential adhesion procedure, microglia and astrocytes attached on the 

bottom and the medium with the floating OPCs were collected after 15 min and 
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centrifuged for 7 min at 1000 rpm. OPCs were resuspended in SATO medium 375 

and once attached to the PLL-coated dish PDGF-AA (10 ng/ml, PeproTech, Rocky 

Hill, NJ) and FGF-2 (10 ng/ml, PeproTech) were added for 48h. A combination 

of PDGF-AA and FGF-2 will prevent differentiation and synchronize OPCs to the 

early progenitor stage 420. For RT-PCR OPCs were plated at a density of 0.5 x 106 

cells per 6 well plate (9.5 cm2; 2 ml). After 48h, differentiation was induced by 

refreshing the medium with SATO supplemented with 0.5% FBS and withdrawal 

of the growth factors. OPCs were allowed to differentiate for 3 days to the immature 

oligodendrocytes (OLGs) stage, where endogenous galectin-4 is most expressed 49.  

 
Cortical neurons

Primary rat cortical neurons were isolated from Wister rat embryo’s (E15; Harlan) 

as described earlier with modifications 421,422. Briefly, rat cortices were collected 

in HBSS with 30% glucose content (Invitrogen) on ice. Tissue was trypsinized 

(0.25% trypsin solution) for 20 min at 37°C. After incubation, trypsin was 

removed and the tissue was dissociated by trituration, filtered (70 µm Falcon 

cell strainer; BD Bioscience) and centrifuged at 1000 rpm for 10 min. Cells were 

resuspended in medium (Neurobasal medium (Invitrogen) supplemented 

with 1 x B-27 (Life Technologies), 0.5 mM L-Glutamine and 1% P/S) and plated 

onto PLL-coated dishes. Cells were plated at a density of 3 x 106 cells (1.9 

cm2), medium was refreshed every 2 days and cells were grown for 5-7 days.  

 
Bone marrow-derived macrophages 

To obtain bone marrow-derived macrophages (BMDMs), hind and front legs of 

1-3-days-old Wistar rat pups (Charles River) were dissected and the bone marrow 

cavity of femur and tibia were flushed with BMDM medium containing RPMI medi-

um (Gibco) supplemented with 10% FBS, 1% sodium pyruvate, 1% penicillin/strep-

tomycin. After centrifuging for 5 min at 1500 rpm, the pellets were resuspended in 

BMDM medium containing rat M-CSF (10 ng/ml, PeproTech) to differentiate mono-

cytes towards macrophages. Differentiated bone marrow monocytes were plated at a 

density of 2-3 x 106 cells/55 cm2 and cultured for 6 days. On day 6 BMDMs were gently 

scraped and plated in culture medium at a density of 1 x 106 cell (55 cm2) stimulated 

for 6h with LPS (200 ng/ml, Sigma) and rat IFNγ (2000 U/ml, PeproTech) to induce 

classically activated macrophages or to induce alternatively activated macrophages 
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and were stimulated with rat IL-4 (40 ng/ml, PeproTech). Control BMDMs were cul-

tured for the same period without additional stimuli. 

RT-PCR and qPCR

Tissue and cells were processed using the RNeasy Mini Kit (Qiagen, Hamburg, 

Germany) according to manufacturer’s protocol to retrieve RNA. A total of 1 µg of 

RNA was reversely transcribed using oligo (dT), 10 mM dNTP mix, 5x first strand 

buffer and Moloney Murine Leukemia Virus Reverse Transcriptase (M-MLV-

RT; Invitrogen). GoTaq Green Master Mix (Promega, M7122), Mg2+ and dNTPs 

was used to amplify cDNA according to the following protocol; 94°C for 5 min; 

40 cycles: 94°C for 1 min, annealing temperature dependent on used primer for 

30 s (Table 1), 72°C for 1 min, followed by final extension at 72°C for 7 min. PCR 

products were separated on agarose gel containing Midori Green (GC Biotech). 

Real-time quantitative PCR (qPCR) was performed using the Applied Biosystems 

StepOnePlus Real-Time PCR System. Each reaction contained 5-10 ng cDNA, 0.2 

µM primers (Table 1) and 1x Absolute SYBR Green Rox mix (Thermo Scientific). 

The following protocol was used; 40 cycles: 95°C for 30 s, annealing temperature 

dependent on used primer for 30 s (Table 1), 72°C for 30 s, followed by final 

extension at 72°C for 7 min. Next to checking the required primer efficiency 

>90% a no-template negative control was used to ensure no cross contamination  

occurred. Gene  expression levels  were  calculated  using  the Comparative Ct (2-

∆∆Ct) method 423 and were normalized against HMBS and HPRT1. Relative fold 

expression of Arg1 (Arginase-1) and Tnf (TNFα) were used as positive controls for the 

alternatively-induced phenotype and the classically induced phenotype, respectively. 
 
Sequencing

RNA was isolated from rat intestine tissue and cultured cortical neurons with the 

RNeasy Kit (Qiagen, Hamburg, Germany) according to manufacturer’s protocol. 

As described above cDNA was prepared and PCR products were amplified using 

the primer pair RT-RN001 (Table 1). Samples were send to Baseclear B.V. (The 

Netherlands) and the Quickshot single sequencing procedure with PCR purification 

was chosen. 
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Statistics

Data are expressed as mean ± standard deviation (SD) of 3 independent cell culture 

preparations. Relative values were compared to untreated control cells, which were 

set to 1 in each independent experiment. Statistical differences were calculated by 

column statistics where the column means significant different that a hypothetical 

value of 1.0 (one sample t-test) using GraphPad Prism version 5.03. In all cases, p<0.05 

was considered significant. 
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RESULTS

Galectin-4 mRNA is not detected by a C-terminal CRD in situ hybridization probe 
in cuprizone-demyelinated corpus callosum.

Our previous findings demonstrate the presence of galectin-4 protein in neuronal 

axons and microglia/macrophages in demyelinated areas, including MS lesions 147, 

while upon development galectin-4 is only present in neurons and oligodendrocytes 
49. To demonstrate whether microglia/macrophages produce galectin-4 upon 

demyelination, and are therefore a cellular source of galectin-4, we examined the 

cellular localization of galectin-4 mRNA (Lgals4) in demyelinated areas by in situ 

hybridization. Upon oligodendrocyte intoxication with the copper chelator cuprizone, 

demyelination is induced most prominently and reproducibly in the corpus callosum 
219,424,425, while robust remyelination occurs upon cuprizone withdrawal. A Sudan 

Black myelin staining confirmed demyelination in the corpus callosum at 3 wks and 

5 wks of cuprizone feeding, and remyelination at 2 wks upon cuprizone withdrawal 

(Fig 2A). In situ hybridization using an ISH-probe against the C-terminal CRD 

(Fig. 1A) revealed that galectin-4 mRNA was hardly, if at all, observed in the corpus 

callosum at 3 wks or 5 wks upon cuprizone-induced demyelination (Fig. 2B; inset). 

Also, galectin-4 mRNA was not detectable by in situ hybridization in neuronal cell 

bodies in the surrounding grey matter, and in the corpus callosum in control and at 

2 wks remyelination (Fig. 2B; zoom in). In contrast, galectin-4 mRNA was detected 

in the epithelial cells in the loops of the intestinal villi (Fig. 2C), indicating that the 

galectin-4 ISH probe was effective. Also, the probe seemed to be specific, as with 

the sense probe hardly if at a signal was measured (Fig. 2C). In fact, the galectin-4 

mRNA hybridization signal in the demyelinated and remyelinated corpus callosum 

is about equal to the sense background level. As we previously showed that galectin-4 

protein is transiently expressed upon cuprizone-induced demyelination 147, these 

findings may indicate that mRNA expression of galectin-4 during demyelination 

and/or remyelination is short-living and/or that galectin-4 mRNA expression is 

present at a different time period upon demyelination. Therefore, we next examined 

galectin-4 mRNA expression in a different toxin-induced demyelination model, i.e., 

focal lysolecithin-induced demyelination, by qPCR using a primer pair that is specific 

to the N-terminal CRD (Table 1, Fig. 1A, primer pair qRT- MM002).
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In the lysolecithin model, demyelination and remyelination are more clearly separated 

with prominent demyelination at 3 and 5 days post lesion (DPL), while the onset of 

remyelination is at 10 DPL 221. As shown in figure 2D, galectin-4 mRNA levels were 

increased at 3 and 5 DPL compared to non-lesioned tissue. This indicates that upon 

lysolecithin-induced demyelination galectin-4 mRNA is produced for a prolonged 

period and/or relatively stable. At remyelination, i.e., 14 DPL, the galectin-4 mRNA 

levels are still increased, which may represent oligodendroglial galectin-4 49,151. Thus, 

these findings revealed that galectin-4 mRNA levels are upregulated upon toxin-

induced demyelination, but given the lack of signal of the ISH galectin-4 C-terminal 

CRD probe, it is still unclear whether in addition to neurons, microglia/macrophages 

are cellular sources for galectin-4. Therefore, we next examined the presence of 

galectin-4 mRNA in cultured microglia and BMDMs.

Figure 1

A

NM_012975
Lgals4 mRNA RN

NM_010706.2
Lgals4 mRNA MM

N-CRD

N-CRD

C-CRD

C-CRD

RT-RN001

qRT-RN003

RT-RN004

(q)RT-RN002

RT-MM001

1053 bp
273 bp

50 bp

404 bp

715 bp

417 bp (ISH)
qRT-MM002 65 bp

RT-RN006

XM_008759113
74 bpB

RT-RN005 290bp

RT-RN007 280 bp

shRNA Gal-4(1) shRNA Gal-4(2)

XM_006539566.4
- 24 bp

5’

5’

3’

3’

shRNA Gal-4(3)

Figure 1. Schematic overview of the used sets of primer pairs aligned on the 
predicted galectin-4 gene (Lgals4).  Mouse galectin-4 primer pairs are aligned to the 
curated galectin-4 mRNA (NM_010706.2) in (A), and rat galectin-4 primer pairs and shRNA 
constructs in (B) (NM_012975). Differences in coding regions with a predicted mouse and rat 
galectin-4 mRNA sequence is indicated in (A) (XM_006539566.4) and (B) (XM_008759113), 
respectively. The carbohydrate recognition domains (CRDs) are indicated as grey bars. 
RT-PCR pairs that generate no, 1 or more PCR products are depicted in red, green and 
orange, respectively (see Fig. 4). RT are RT-PCR primer pairs, qRT are qPCR primer pairs, 
shRNA are shRNA constructs, only (3) generated a galectin-4 knockdown (our unpublished 
observations, 152). RN is Rattus norvegicus, MM is Mus musculus. See Table 1 for the 
sequences of the primer pairs.
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Figure 2 ISH
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Figure 2. Detection of galectin-4 mRNA in toxin-induced demyelination models. (A) 
Sudan Black myelin staining on fixed section of control mice (Cntrl) and mice that were fed 
with 0.2% cuprizone for 3 or 5 weeks (DM 3 wks and DM 5 wks) as demyelination appears 
as a pale area in the corpus callosum and as a darker area in Cntrl and in mice 2 weeks 
after cuprizone removal (remyelination, RM 2 wks). Representative images of sections of 
the corpus callosum of 3-4 animals per condition are shown. Scale bar is 250 µm. (B) In 
situ hybridization (ISH) detection of galectin-4 mRNA (Lgals4) using a ISH probe against the 
C-terminal CRD of galectin-4 (RT-MM002, Table 1, Fig. 1B) on fixed sections at the indicated 
stages of cuprizone-induced demyelination. Note that no galectin-4 mRNA was observed in 
the corpus callosum or in the grey matter of mice upon cuprizone-induced demyelination. 
Scale bars at lower magnification are 1000 µm, at the insets 250 µm. (C) Small intestine 
tissue slices were probed with antisense and sense ISH probes against C-terminal CRD 
galectin-4. Note that the signal with the galectin-4 anti-sense probe was restricted to the 
epithelial cells in the intestinal villi, while hardly, if at all, signal (purple/blue color) was 
observed with the sense probe. Scale bar is 250 µm. (D) cDNA obtained from lysolecitin-
induced demyelinated lesions at the indicated days post lesion (DPL) were subjected to 
qPCR analysis using primer pair directed against the N-terminal CRD of galectin-4 (qRT-
MM002, Table 1, Fig. 1B). Bar represents mean expression levels relative to Hprt1 of two 
to four animals per condition. Error bars show the standard deviation. Similar findings were 
obtained when using Hbms as housekeeping gene.  
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Galectin-4 mRNA is hardly detectable by qPCR in BMDMs and microglia

Our previous in vitro data revealed that galectin-4 protein expression is upregulated 

in IL-4-treated (alternative activation), but not IFNγ+LPS treated (classical 

activation) BMDMs and microglia 147. To assess whether microglia and BMDMs 

express galectin-4 mRNA in vitro, we examined galectin-4 mRNA expression in 

alternatively (IL-4) and classically (IFNγ+LPS) activated microglia and BMDMs. 

Unexpectedly, and in contrast to galectin-4 protein expression, qPCR analysis using 

a set of primer pairs directed against the C-terminal CRD (primer pair (q)RT-RN002, 

table 1, Fig. 1B) demonstrated that both in BMDMs and in microglia galectin-4 mRNA 

expression was hardly increased upon 6h IL-4 treatment compared to untreated 

and IFNγ+LPS treated cells (Fig 3A, B). IL-4- and IFNγ+LPS-stimulated BMDMs 

significantly increased the mRNA expression of the alternatively activated marker 

Arginase-1 (Arg1) and the classically activated marker TNFα (Tnf), respectively 

(Fig. 3A), indicating that the cells were polarized. In contrast, TNFα mRNA was not 

increased in IFNγ+LPS-treated microglia, while the level of arginase-1 transcripts was 

increased upon IL-4 stimulation (Fig. 3B). This may indicate that in microglia TNFα 

mRNA expression upon IFNγ+LPS-activation is either faster or slower compared to 

BMDMs. Using Western blot analysis for Arginase-1 and iNOS (classical activation), 

our previous findings showed that microglia do polarize upon exposure to IL-4 or 

IFNγ+LPS 147,426. Of relevance, the Ct values were around threshold indicating a 

very low galectin-4 mRNA expression in microglia and BMDMs per se or bad primer 

specificity. Therefore, another set of qPCR primers (primer pair qRT-RN003, table 

1, Fig. 1B) was designed that anneal to the N-terminal CRD of rat galectin-4. Similar 

to the findings with the previous qPCR primer pair, the expression of galectin-4 

mRNA upon IL-4 or IFNγ+LPS stimulation was very low and similar to the levels 

detected in untreated BMDMs (Fig. 3C). Hence, these findings suggest that in 

contrast to galectin-4 protein at 48 h of treatment 147, galectin-4 mRNA levels in 

alternatively and classically activated microglia and BMDMs appeared to be very low 

after 6 h-treatment. This does however not exclude that galectin-4 transcript levels 

are altered at an earlier or later time point after treatment. Given that we previously 

revealed a detectable amount of galectin-4 mRNA in untreated microglia with 

RT-PCR analysis 49, we next assessed galectin-4 mRNA expression in BMDMs and 

microglia by RT-PCR. 
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BMDMs and microglia express an additional galectin-4 isoform that differ in their 
C-terminal CRD with intestine-derived galectin-4

To further assess whether BMDMs and microglia produce galectin-4 mRNA, we 

performed a RT-PCR using the qPCR primer pair that is directed against the 

C-terminal CRD (primer pair (q)RT-RN002, Table 1, Fig. 1B). For untreated and IL-4-

treated BMDMs two PCR products were amplified, i.e., a PCR product at the predicted 

size of 273 bp and a PCR product of approx. 350 bp, while for IFNγ+LPS-treated 

BMDMs only the predicted PCR product was formed (Fig. 4A). RT-PCR analyses of 

cDNA generated from rat intestine tissue, where galectin-4 is abundantly expressed, 

showed only the predicted 273 bp product (Fig. 4A), indicating that the primers were 

specific for (intestine) galectin-4 and suggesting that an alternative spliced isoform of 

galectin-4 may be present in BMDMs. Similarly, using the same primer pair, multiple 

RT-PCR products at relatively low levels, were observed with cDNA obtained from 

microglia. More specifically, for untreated microglia 4 products, for IFNγ+LPS-
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Figure 3. Detection of galectin-4 mRNA in cultured bone marrow-derived macrophages 
and microglia by qPCR. Rat-derived bone marrow-derived macrophages (BMDMs, A,C) or 
microglia (B) were left untreated (cntrl), treated with rat IL-4 (40 ng/ml, alternative activation) 
or a combination of LPS (200 ng/ml) and rat IFNγ (2000 U/ml) (classical activation). Galectin-4 
mRNA (Lgals4) expression levels were analyzed using either qPCR primers against the 
C-terminal CRD of galectin-4 ((q)RT-RN002, Table 1, Fig. 1B, A,B) or N-terminal CRD 
(qRT-RN003, Table 1, Fig. 1B, C). Arginase-1 (Arg1, marker for alternative activation) and 
TNFα (Tnf, marker for classical activation) mRNA levels are used as to confirm polarization. 
Bars represent means of relative fold change of control (cntrl, set to 1 at each independent 
experiment, horizontal line) of three independent experiments using Hprt1 as a housekeeping 
gene. Note galectin-4 mRNA levels hardly alter upon classical or alternative activation of 
BMDMs and microglia. 
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treated microglia 1 product was detected and for IL-4-treated microglia 2 products 

(Fig. 4A). Of relevance, and consistent with galectin-4 protein expression, but in 

contrast to the qPCR findings, galectin-4 mRNA levels were increased in BMDMs 

that were treated for 6 h with IL-4 (Fig. 4A). Remarkably, in IL-4-treated microglia, 

the predicted PCR product was absent. Interestingly, galectin-4 splice variants that 

differ in their linker length have been identified in porcine small intestine 427. Using a 

set of RT-PCR primer pairs (RT-RN004, Table 1, Fig. 1B) that amplify across the linker 

region of intestine galectin-4, demonstrated that 1 PCR product was formed for 

BMDMs and microglia that appeared at a seemingly similar or maybe slightly higher 

size than the amplified product of intestine cDNA (Fig 4B). However, although the 

exact size of the products, including a small difference in bp, could not be quantified 

with the used primer pair, these findings indicate that the size of the linker region 

may be similar in BMDMs, IFNγ+LPS-treated microglia and intestine tissue (Fig. 4B, 

primer pair RT-RN004). An additional smaller product of approx. 250-300 bp was 

detected for IFNγ+LPS-treated BMDMs. Similar to the previous RT-PCR primer pair 

((q)RT-RN002), galectin-4 mRNA levels were also increased in IL-4-treated BMDMs 

(Fig. 4B) with the linker-spanning primer pairs. In IL-4-treated microglia, galectin-4 

mRNA levels were too low to detect, while present in IFNγ+LPS-treated microglia. 

Hence, BMDMs and microglia expressed mRNA for galectin-4 with a seemingly 

similar linker length as intestine galectine-4 mRNA, while the multiple RT-PCR 

products suggest that BMDMs and microglia express in addition a potential different 

galectin-4 isoform that differ in its C-terminal CRD. To examine whether this isoform 

is a galectin-4 splice variant, we next aimed to amplify the whole cDNA of galectin-4.

BMDMs and microglia express a galectin-4 isoform with a distinct N-terminal CRD 
as intestine-derived galectin-4

To assess whether the total length of galectin-4 mRNA in BMDMs and microglia 

was of similar size of galectin-4 derived from intestine, a RT-PCR primer pair up 

was designed that captured total intestine galectin-4 (primer pair RT-RN001, table 

1, Fig. 1B). A PCR product of the predicted size (1053 bp) was observed after gel 

electrophoresis of small intestine cDNA, while no product was visible with cDNA 

derived from BMDMs and microglia. As schematically shown in figure 1, the ISH 

probe that was unable to detect mouse galectin-4 mRNA upon cuprizone-induced 
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demyelination (RT-MM001), and the RT-PCR primer pair that resulted in multiple 

products ((q)RT-RN002), were both directed against the same region of C-terminal 

CRD (Fig. 1B). We therefore hypothesized that the C-terminal CRD of galectin-4 may 

differ in BMDMs and microglia, and that the generated galectin-4 probe directed 

against the C-terminal CRD is specific to intestine galectin-4, but unspecific to detect 

galectin-4 mRNA in brain-resident cells and BMDMs. RT-PCR with the forward 

primer of primer pair (q)RT-RN002 and the reverse primer of primer pair RT-RN001 

demonstrated that a product of a similar size as with intestine cDNA is produced 

(Fig. 4C, RT-RN005). Notably, an increase in galectin-4 mRNA levels is noticed in 

IL-4 treated BMDMs and microglia. In addition, and consistent with primer pair (q)

Figure 4

A B

C

OLG CN M0 M1 M2
BMDM

I M0 M1 M2
microglia

M0 M1 M2
BMDM

M0 M1 M2
microglia

M0 M1 M2
BMDM

M0 M1 M2
microglia

700
500

200

1500
1000

700
500

actin

1500
1000

700
500

200

500

200

700
500

OLG CN I

OLG CN I

RT-RN004

RT-RN005

RT-RN002

RT-RN001

RT-RN006

RT-RN007 200

bp

bpbp

Figure 4. Detection of galectin-4 mRNA in cultured BMDM, microglia, immature 
oligodendrocytes and cortical neurons by RT-PCR. A-C. RT-PCR analysis of galectin-4 
mRNA expression in bone marrow-derived macrophages (BMDM), microglia, immature 
oligodendrocytes (OLG) and cortical neurons (CN) using primer pairs that amplify the whole 
galectin-4 gene (RT-RN001, A), that are directed against either the C-terminal ((q)RT-RN002, 
A, RT-RN006, C) or N-terminal CRD (RT-RN005, RT-RN007, C), or that are spanning the 
linker region between the 2 CRDs (RT-RN004, B). Actin is used as a loading control. Primer 
sequences and predicted product sizes are provided in Table 1, and their alignment against 
galectin-4 mRNA sequence in figure 1B. BMDMs and microglia were left untreated (cntrl, 
M0), treated with rat IL-4 (40 ng/ml, alternative activation, M2) or a combination of LPS (200 
ng/ml) and rat IFNγ (2000 U/ml) (classical activation, M1). Rat-derived intestine cDNA (I) was 
used as a positive control. Note that with the RT-PCR primer pairs that are directed against 
the C-terminal CRD (A,C), in addition to the predicted PCR product size, an additional PCR 
product is amplified that is approx. 75 bp larger in size in all non-intestine, but not intestine, 
cells, while no PCR products were formed in non-intestine cells when using primer pairs that 
start at the coding sequence of the N-terminal site of the galectin-4 gene (A,C). bp=base 
pairs. 
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RT-RN002, two products were formed for BMDMs and microglia, but not intestine 

galectin-4, that differ approx. 75bp in length. Therefore, the C-terminal end of 

BMDM- and microglia-derived galectin-4 is likely similar to intestine galectin-4, 

while two different splice variants that differ in size of their C-terminal CRD exist. As 

total galectin-4 was not amplified from BMDM and microglia cDNA (Fig. 4A), while 

the used reverse primer generated a PCR product with another forward primer, this in 

addition indicate that the starting coding sequence of N-terminal part of galectin-4 

may differ from intestine galectin-4. Indeed, a RT-PCR approach with a primer pair 

that amplifies the N-terminal part of galectin-4 (RT-RN006, Table 1, Fig. 1B) showed 

no detectable product for BMDMs and microglia cDNA, while the predicted PCR 

product of 404 bp was generated from intestine cDNA (Fig. 4C). In addition, one 

product of similar size as with intestine cDNA was formed when the right part of the 

N-terminal CRD was amplified (RT-RN007, Table 1, Fig. 1B, Fig. 4C). Remarkably, and 

in contrast to the other RT-PCR results, a decrease in galectin-4 mRNA transcripts is 

observed in IL-4-treated BMDMs and microglia with this primer pair. This indicates 

that the BMDMs and microglia express an additional galectin-4 isoform with a 

distinct N-terminal and C-terminal CRD as intestine-derived galectin-4.

Cortical neurons and oligodendrocytes express a galectin-4 isoform with a dis-
tinct N-terminal CRD as intestine-derived galectin-4

The previously noted 4 kDa difference in molecular weight of cortical neuron- and 

oligodendrocyte-derived galectin-4 compared to intestine galectin-4 49, indicates 

that galectin-4 in these cells may be also different from galectin-4 that is present 

in epithelial cells of the intestine. RT-PCR analysis using the same primer pairs 

as used for BMDMs and microglia, revealed that cortical neurons and immature 

oligodendrocytes likely also express an additional galectin-4 isoform that differ in their 

C-terminal and N-terminal CRD (Fig. 4A-C). Thus, also for these cells total galectin-4 

was not amplified (Fig. 4A RT-RN001), while 3 PCR products were visible with the 

linker spanning primer pair for cortical neuron cDNA and 1 product for immature 

oligodendrocyte cDNA (Fig. 4B, RT-RN0004). To gather some more information 

about the differences observed between intestine galectin-4 transcripts compared to 

non-intestine-derived galectin-4 transcripts, we next sequenced the PCR products 

from rat small intestine and cDNA from cultured rat cortical neurons (primer pair RT-
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RN001). Sequencing results showed that the sequence obtained from small intestine 

tissue was identical to the described curated sequence (NM_012975). The sequence 

data obtained from cortical neuron cDNA had multiple signals, the strongest signal 

matched the galectin-4 (Lgals4) sequence of the small intestine cDNA. However, the 

presence of a double signal is indicative for another PCR product or isoform, and 

therefore it remains to be elucidated what the origin of that specific sequence is. 

Thus, the different PCR product observed with cortical neurons, oligodendrocytes, 

BMDMs and microglia cDNA may originate from different galectin-4 isoforms, with 

differences in both their C- and N-terminal CRD compared to intestine galectin-4 

and this needs to be further investigated. 
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DISCUSSION

To unravel whether microglia and macrophages are cellular sources of the transiently 

upregulated galectin-4 protein expression upon demyelination we aimed to link 

galectin-4 mRNA expression with cell type in in vivo toxin-induced demyelination 

models and in vitro in several glia cells. Based on the presence of galectin-4 protein it 

was hypothesized that potential cellular sources in demyelinated areas are neurons and 

microglia/macrophages 147 and immature oligodendrocytes in remyelinating areas 151. 

RT-PCR, but not qPCR analysis, revealed an upregulation of galectin-4 mRNA upon 

(IL-4) alternatively activation of cultured BMDMs and microglia, consistent with the 

previously observed increase galectin-4 protein expression levels in IL-4 treated cells 
147. Unexpectedly, for an intestine tissue effective in situ hybridizing probe directed 

against the C-terminal CRD of mouse galectin-4 failed to visualize galectin-4 mRNA 

in cuprizone-induced de- and remyelinated corpus callosum. In contrast, qPCR 

analysis on lysolecithin-induced de- and remyelinating spinal cord tissue tend 

to show an increase in galectin-4 mRNA levels at de- and remyelination. RT-PCR 

analyses with distinct sets of primer pairs revealed that these seemingly discrepant 

findings likely originate from the presence of a different galectin-4 isoform in brain-

derived cells and BMDMs that differ both in its C-terminal and N-terminal CRD. The 

identity of this potential new galectin-4 isoform needs to be further explored before 

any conclusions can be drawn on whether microglia and/or macrophages are cellular 

source of galectin-4 upon demyelination.

Upon  cuprizone-induced  demyelination we previously observed a transient 

expression of galectin-4 in axons and microglia/macrophages that are present in 

demyelinated areas of the corpus callosum 147. With a DIG-labeled mouse galectin-4 

ISH probe, galectin-4 mRNA was detected in epithelial cells of the mouse intestinal 

loops, while the probe failed to locate galectin-4 mRNA in cells present in demyelinated 

areas of corpus callosum or in the surrounding grey matter upon cuprizone-mediated 

demyelination. In the mouse intestine, two almost similar galectins, galectin-4 and 

galectin-6, that come from a tandem duplication, are identified 408,428. The two 

galectins have 83% amino acid identity, and differ in linker length with galectin-6 

lacking a 24-amino acid stretch in the linker region 428. It is difficult to distinguish 

the almost similar galectin-4 from galectin-6 by antibody-based and nucleotide 
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hybridization in mice. However, in contrast to galectin-4, galectin-6 is a mouse-

specific galectin that is only present in a subset of mouse strains. The C57BL/6J 

mouse strain used in our studies with the toxin-induced demyelination models does 

not contain the Lgals6 gene 428, indicating that galectin-4 mRNA, and not galectin-6 

mRNA is detected in vivo. 

The inability to detect galectin-4 mRNA by in situ hybridization may relate to the 

timing of galectin-4 mRNA expression, i.e., galectin-4 mRNA expression starts at 

a different time after administration of cuprizone than investigated. Indeed, qPCR 

analysis show that upon lysolecithin-induced demyelination, galectin-4 mRNA levels 

tend to increase upon demyelination, and remained increased at remyelination. 

Given that the qPCR primers were directed against the N-terminal CRD of mouse 

galectin-4, these findings do not exclude that the C-terminal CRD galectin-4 ISH 

probe may not be specific towards brain-derived galectin-4 mRNA. Elaborated RT-

PCR analyses with cultured rat-derived CNS resident cells and BMDMs demonstrated 

that indeed 2 PCR products are generated with primer pairs that are directed against 

the C-terminal CRD; a product of similar size as for intestine cDNA, and a product 

that is approx. 75 bp higher in size. The genome of Rattus norvegicus encodes two 

variants of Lgals4. A curated Lgals4 mRNA transcript of 1053 bp (NM_012975) and 

another predicted transcript variant X1 that encodes an mRNA molecule of 1535 

bp (XM_008759113). The X1 transcript has an extended 5` region and an insertion 

within the coding sequence of 74 bp in the C-terminal CRD (Fig. 1B). Remarkably, 

this coding sequence is of similar size as the difference in size between the 2 PCR 

products that were generated with primer pairs that span this region (Fig. 1B, (q)RT-

RN002, RT-RN004, RT-RN005). Also, the genome of Mus musculus has a predicted 

X1 transcript. The X1 transcript (XM_006539566.4) has however a deletion of 24 bp, 

and not an insertion compared to the curated mouse Lgals4 (NM_01076.2) and is 

not in the region to which the C-terminal CRD galectin-4 ISH probe was directed 

(Fig. 1A; RT-MM001). This does not explain why the galectin-4 ISH probe failed 

to detect galectin-4 mRNA in demyelinated areas of the corpus callosum. Several 

studies showed that mRNA levels are not always corresponding to their protein levels 
429–432, and an upregulation of the transcription machinery instead of an elevation of 

total mRNA can not be excluded yet. Hence, additional in situ hybridization studies 

at different time points upon cuprizone administration or in other toxin-induced 
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models may locate galectin-4 mRNA in cells that are present in demyelinated areas. 

In favor is that in cultured non-intestinal cells a PCR product of similar size as the 

product that was amplified with intestine cDNA was generated, indicating that 1 of 

potential 2 isoforms of galectin-4 is likely similar to intestine galectin-4 to which the 

generated probe is directed.

Isoforms of other tandem-repeat-type galectins, including galectins-8 and -9, have 

previously been described 433. These isoforms have differences in the size of their 

linker region, and do not differ in their CRD coding sequence. A previous study 

described the presence of 2 galectin-4 splice variants in porcine small intestine with 

an in-frame difference of 27 bp (9 aa) in their linker size 434. Using RT-PCR on the 

brain-resident cells and BMDMs with linker-spanning primers, a similar or maybe 

slightly higher PCR product with non-intestine cDNA compared to intestine cDNA 

was generated. Of note, the linker region of galectin-4 is 26 aa (aa 151–177), i.e., approx. 

78 bp DNA length 406, and small bp differences in linker length will not be visible with 

the used primer pair. Interestingly, multiple PCR product sizes with cDNA of cortical 

neurons were observed, including a product that is approx. 75-100 bp smaller in size 

than the main PCR product. As the primer pair that amplify across the linker region 

spans also the 74-bp insertion in the coding sequence of the predicted X1 sequence of 

rat galectin-4, the main product that was amplified with the linker spanning primer 

pair may represent the galectin-4 isoform that is not detected in the intestine (Fig. 

1B, RT-RN004). In fact, the intensity of the PCR product that may include this 74-bp 

insertion was higher than the PCR product that likely lack the insertion. In the other 

cells only this higher PCR product is detected. The presence of a smaller 250-300 bp 

PCR product observed with the linker spanning primer pair in cortical neurons and 

BMDMs also warrants further investigation. Hence, brain-resident cells and BMDMs 

appear to express galectin-4 mRNA that appears to be similar in its linker region, but 

may differ in their C-terminal CRD coding sequence. 

 

The distinct galectin-4 isoforms predict different galectin-4 proteins that differ in 

size. Western blot analysis of tissue distribution of galectin-4 protein expression 

showed that rat intestinal samples showed only a specific immunoreactive band 

of a 36-kDa galectin-4 406. Also, only one band at about 36-kDa was identified as 
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galectin-4 in highly differentiated human cancer cell lines, indicating that  although 

rat and human galectin-4 share 70.6% amino acid similarity no differences in protein 

size are observed 411,435. The galectin-4 isoforms identified in porcine intestine appear 

on Western blot as 34 and 28 kDa 434. We have previously shown on Western blot 

that both rat and human brain-derived galectin-4 is 4 kDa (approx. 100bp) smaller 

in size than the rat intestine galectin-4 49. Although this may reflect the occurrence 

of a splice variant of galectin-4, the difference in size is not explained by a potential 

insertion of 74bp in the coding sequence of rat galectin-4 as this would predict an 

approx. increase of 2-3 kDa in size rather than a decrease. Our attempts to amplify 

total galectin-4 mRNA of brain-derived tissue (data not shown) and cells failed. More 

extensive RT-PCR data using primer pairs (Fig. 4C (RT-RN006)) directed against the 

N-terminal-CRD revealed that galectin-4 in brain-derived cells and BMDMs also 

differ in the first part of their N-terminal CRD compared to intestine galectin-4 at 

the 3’ terminal region. Preliminary sequencing data of intestine and cortical neuron-

derived galectin-4 cDNA confirmed the possibility of different mRNA isoforms of 

cortical neuron galectin-4. More specifically, cDNA from rat small intestine resulted 

in a perfectly matched sequence to the one on NCBI (NM_012975.1), while sequencing 

of galectin-4 from cortical neurons resulted in double strands (data not shown). 

Though the presence of a double signal is indicative for another product or isoforms, 

it remains to be determined what the origin of that specific sequence was. Also, 

whether there is a deletion of 100 bp (or 174 bp when the insertion in the C-terminal 

CRD is included) at the start of the N-terminal CRD remains to be determined. 

Notably, the coding sequence of galectin-4 is specified by 10 exons; exons 1-4 encode 

the N-terminal CRD, exons 5-7 the linker region, and exons 8-10 the C-terminal CRD 
409. Obviously, a galectin-4 isoform that differ in its CRDs may have a major impact on 

binding to glycoconjugate ligands and therefore its function. Of relevance, galectin-4 

in the CNS and intestine have different functions. While galectin-4 in the intestine 

is involved in the regulation of nutrient adsorption, intracellular trafficking and 

pathogen entry, in the CNS galectin-4 is more involved in cellular maturation and 

the regulation of the timing of myelination at different (sub)cellular levels 49,151–153. 

Our in vitro results using an RT-PCR approach showed that galectin-4 mRNA 

transcripts seemed to be increased in alternatively (IL-4)-activated BMDMs and 

microglia, which is consistent with our previous findings that show galectin-4 protein 
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upregulation upon IL-4 treatment of BMDMs and microglia 147. However, this is not yet 

confirmed with qPCR analysis, which suggest that low levels of mRNA were present. 

In retrospect, this may be a result of primer pairs that are directed against regions 

that differ with intestine galectin-4 (Fig. 1B). Alternative, galectin-4 mRNA may be 

relatively unstable. Therefore, to assess whether the increased galectin-4 protein 

expression in IL-4-activated microglia and macrophages was a result of increased 

galectin-4 transcripts, an shRNA-approach may be taken. However, previous 

developed shRNA constructs against galectin-4 mRNA in our lab were not successful. 

The shRNA galectin-4 constructs were targeted against the linker region (Fig. 1, 526-

547bp, (1)) and the C-terminal CRD (Fig. 1, 678-696bp, (2)) of intestine galectin-4 

and that the presence of an additional galectin-4 isoform may explain the inefficient 

silencing of galectin-4 in neurons with these shRNA constructs (unpublished results). 

Indeed, another study showed silencing of galectin-4 in neurons when targeted in 

the nucleotide region (Fig. 1, 330-348bp, (3)) within the N-terminal CRD 152. 

Taken together, to our surprise while aiming at identifying microglia/macrophages 

as cellular sources of galectin-4 in demyelinated lesions, we may have identified a 

potential novel galectin-4 isoform that is present in brain-derived cells and BMDMs. 

This isoform likely differs in its N-terminal and C-terminal CRD compared to intestine 

galectin-4. To confirm the identity and presence of the distinct isoform of galectin-4, 

further analyses are warranted, including detailed comparison of their sequences. 

Among others, this will reveal whether the different isoforms are coded by separate 

genes, or result from alternative splicing of exons within a single gene. Only after this, 

it can be assessed whether microglia/macrophages are cellular sources of galectin-4 

upon demyelination, and whether and how galectin-4 has a functional role in these 

cells.
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Table 1. Primer sequences

Primer # FW sequence RV sequence Ta Product 
size

Total Lgals4 
(rat)

RT-
RN001 

ACCAAAGCTTAC
CATGGCCTATGT
CCCAGCACCC

CTTCAACATTTT 63,0 1053 bp

ISH probe 
Lgals4 
(mouse)

RT-
MM001

AAGGATCCCA
ACCCTCCACAG
ATGAACACCTT

GGTAAGCTTTCC
AGCGTGTCTACCA
TTTGGAAT

60,0 417 bp

N-terminal 
(mouse)

qRT-
MM002

AAGCACTTCGA
GCTGGTGTT

GAATTTCCGTT
CACCACGAC 60,0 65 bp

C-terminal 
domain (rat)

(q)RT-
RN002

GCTATATGAAT
GGCTCTTGG 

GGGATTAGATGG
AACTTGGG 59,0 273 bp

N-terminal 
domain (rat)

qRT-
RN003

CAAGGAATAGC
CAAAGACAACA

ACAGCAAAGTTC
ACGTGG 63,0 50 bp

Linker (rat) RT-
RN004

ACATGAGACG
GTTCCACGTG

CGGATTGACAGATC
AAAGAACTG 59,0 715 bp

C-terminal 
domain (rat)

RT-
RN005

GCTATATGAAT
GGCTCTTGG

CTTCAACATTTTAT
TAGGGGATTAGATGG 60,0 290 bp

N-terminal 
domain (rat)

RT-
RN006

ATGGCCTAT
GTCCCAGCACCC

TGGGTGACCA
TCTGTAGGG 60,0 404 bp

N-terminal 
domain (rat)

RT-
RN007

ACATGAGAC
GGTTCCACGT

TGGGTGACCA
TCTGTAGGG 58,0 280 bp

Linker (rat)
siRNA 
Gal-4 
(1)

GGTACAACCC
TCCACAGATG

C-terminal 
domain (rat)

siRNA 
Gal-4 
(2)

CCTTATCATC
AACTTCAAG

N-terminal 
domain (rat)

siRNA 
Gal-4 
(3)

GCACTACAAG
GTCGTGGTA

Actb (RT) AACACCCCA
GCCATGTAC

TGTCACGCA
CGATTTCC

60,0 254 bp

Hbms (qRT) CCGAGCCAA
GCACCAGGAT

CTCCTTCCAG
GTGCCTCAGA

Hprt (qRT) GACTTGCTC
GAGATGTCA

TGTAATCCA
GCAGGTCAG
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Arg1 (qRT) ATATCTGCCA
AGGACATCGT

ATCACTTTGC
CAATTCCCAG

Tnf (qRT) ATGGGCTGTA
CCTTATCTACTC

GTATGAAATG
GCAAATCGGCT

BamHI restriction site (GGATCC); HindIII restriction site (AAGCTT); MM, Mus Musculus; Rat, Rattus 
Norvegicus; bp, basepairs; Ta, annealing temperature; RT are RT-PCR primer pairs, qRT are qPCR primer 
pairs.
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