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Abstract 

Chronic respiratory diseases present a large medical and economic burden on the 

industrialized world, only overshadowed by heart disease and cancer. These diseases 

result in punctuated lung injury and repair cycles with a sequalae of irreparably damaged 

tissue architecture. Lungs have multiple stem cell niches which repair damage after 

injury, one of which is in the alveoli. Within this niche, Alveolar type 2 cells (AT2) self-

renew and differentiate into Alveolar type 1 (AT1) cells which are in contact with 

capillary beds allowing for gas exchange. After alveolar injury, AT2 cells undergo a 

transcriptionally distinct transitional intermediate cell state prior to AT1 cell 

differentiation. Currently, the only curative therapy for end-stage lung disease is 

transplantation, yet there is a paucity of donor lungs. Cell therapy approaches such as 

lung stem cell transplantation can ameliorate the donor shortage and provide therapeutic 

avenues beyond surgical interventions. Previous studies demonstrated these transplants 

can stimulate repair, yet AT2 to AT1 differentiation was halted. Transcriptional profiling 

revealed Galectin-3 was differentially expressed in the transplanted AT2 cells compared 

to native AT2 cells. Interestingly, Galectin-3 is specific to the transitional state seen in 

alveolar repair. However, little is known about the functional consequences of the 

development and resolution of this novel cell type. Therefore, I used galectin-3 genetic 

deletion and pharmacological inhibition in alveolar organoid models to determine its 

function. Pharmacological inhibition of galectin-3 increased expression AT1 cell marker 

genes in co-cultures and increased organoid size. These results suggest mesenchymal 



expression of galectin-3 inhibits AT1 differentiation, decreases AT2 proliferation and 

affects the transitional cell state. When Gal3 knockout AT2 cells were used in co-cultures 

with Gal3 inhibitor, AT1 marker gene expression further increased as did organoid 

forming efficiency. This thesis reveals the role of galectin-3 in lung organoid models and 

potentially demonstrates a novel method to increase AT1 differentiation in cell therapy 

models and lung repair. 
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Chapter I. 

Introduction 

Wound Repair and Regeneration 

Regeneration occurs in all animals and facilitates tissue and wound repair, which 

perpetuates living systems. Homeostasis is a carefully concerted process that maintains 

the propagation of specialized cells involved with injury and aging within a tissue (Biteau 

et al., 2011; Hsu et al., 2014; Hogan et al., 2014). Consequently, many tissues must 

balance conservation and proliferation using a cellular supply and demand model. This 

balance is a steady state, a temporal and spatial instance where the cellular identity of 

each cell within the tissue is maintained (Hsu et al., 2014). This perpetual stability relies 

on a reservoir of stem cells within the tissue to repair damage. Thus, cellular identity and 

fate are inextricably linked with tissue homeostasis. This is achieved via self-renewal and 

differentiation, allowing for the replacement of damaged cells within tissues, which in 

turn allays dysfunction and disease (Li and Clevers, 2010; Simons and Clevers, 2011). 

These processes are regulated differently in each tissue and are segregated into three 

categories: continuous response, response to injury, and no response to homeostatic 

pressures.  

 

Homeostatic regulation in invertebrates and vertebrates demonstrates drastic differences. 

Invertebrates, such as planaria will create a new organism after injury from neoblasts, a 

type of totipotent stem cell. This repair mechanism is agnostic to the severity or the 
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location of wound occurrence. Hence, a planarian will recreate multiple planaria from 

small fractions of the total organism (Reddien and Sanchez Alvarado, 2004). In contrast, 

a classical model of vertebrate regeneration is the axolotl, a type of salamander. Upon 

limb amputation, cells within the wound de-differentiate and then instruct all anatomical 

structures in its spatial contiguity to spark development of skin, muscle, bone, and nerves 

to recreate a functional limb (Whited and Taben, 2009; Haas and Whited, 2017). From 

this example, it may be postulated that this ability is conserved across higher order 

vertebrates, however it is not - mammals possess a limited repertoire of regenerative 

mechanisms due to cellular lineage restriction (Xia et al, 2018). These restricted cells, 

called adult stem cells, are multipotent and tasked with tissue repair through cellular 

proliferation and differentiation (Zakrzewski et al., 2019; Martinez et al., 2022; Brunet, 

Goodell, and Rando, 2022, Cheung and Rando, 2013). These cells allow mice and 

humans to regenerate their liver and re-myelinate axons after injury (Camargo, F.D., 

2007, Cayre et al., 2021; Franklin and Constant, 2008). 

 

Tissue Specific Capacity for Repair and Regeneration 

Tissues have different propensities for regeneration. The central nervous system and heart 

are unable to regenerate while bone marrow, intestines, and skin continually regenerate. 

The lung lies at the center of the regeneration continuum, however previous dogma stated 

that lung tissue was incapable of repair or regeneration. In the last decade, discoveries 

have led to the rejection of this view and revealed a significant capacity for cellular 

regeneration from the constant assault of inhaled environmental irritants and toxicants 
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(Kotton and Morrisey; 2014; Rock et al., 2011; Whitsett, 2018). Despite this ability, lung 

tissue is quiescent and will only stimulate repair upon injury (Brunet, Goodell, and 

Rando, 2022; Cheung and Rando, 2013, Kotton and Morrisey, 2014). Injury resolution is 

complex requiring a concert of epithelial, mesenchymal, endothelial, and immune cell 

responses. Adding to the complexity of repair and regeneration, novel lung cell types are 

being discovered each year (Lee et al., 2017; Plasschaert et al, 2019, Basil et al., 2022, 

Murthy et al., 2022, Zepp et al., 2017; Zacharias et al., 2018; Kobayashi et al., 2020, Choi 

et al., 2020, Strunz et al., 2020).  

While human and murine lung anatomy share a proximal and distal stem cell 

niche within the lung, the anatomy of the proximal lung differs between species, while 

the distal lung does not (Plasschaert et al, 2019, Basil et al., 2022, Murthy et al., 2022). 

Upon lung injury, the proximal and distal niches respond by replacement of damaged 

cells within their specific anatomic area. The murine proximal niche exists within the 

trachea and bronchi, while the distal niche exists within the bronchioalveolar duct 

junction (BADJ) and the alveolus (Kim et al., 2005; Barkauskas et al., 2013). Each niche 

contains two stem cell subtypes: the proximal niche contains basal and club cells (Pardo-

Sangata et al., 2015, Tata et al., 2013) whereas the distal niche is comprised of 

bronchioalveolar stem cells (BASC) and alveolar type two cells (AT2). BASCs possess 

the ability to differentiate into bronchial and alveolar cell types, whereas AT2 cells 

differentiate into alveolar type one (AT1) cells only. BASCs express stem cell antigen-1 

(Sca1), while AT2 do not. This cell surface marker is used to prospectively isolate BASC 

and AT2 populations from one another (Kim et al, 2005; Raiser and Kim, 2009; 

Barkauskas et al, 2013). 
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Mechanisms of Lung Repair and Regeneration 

Despite lung stem cell populations’ robust repair and differentiation ability upon injury, 

degenerative lung diseases such as chronic obstructive pulmonary disease (COPD) and 

idiopathic pulmonary fibrosis (IPF) are a global health problem (GBD Chronic 

Respiratory Disease Collaborators, 2020). These diseases stem from long-term 

inflammation creating defective repair mechanisms (Kotton and Morrisey, 2014, Basil et 

al, 2020). Surprisingly, when inflammatory stimuli are removed, defective regeneration 

in COPD remains. In turn, alternative cell types proliferate to quell the damage leading to 

cellular complexity reduction (Rao et al., 2020). In contrast, IPF results in an exuberant 

repair response leading to scarring by pulmonary connective tissue (Basil et al., 2020). 

Extensive literature exists supporting the necessity and sufficiency of various actors 

within lung developmental pathways during injury and repair, specifically: Notch, 

Hedgehog, Wnt, and TGF- (Belgacemi et al. 2019; Chilosi et al. 2013; Giuranno et al. 

2020; Gohy et al., 2019; Hogan et al., 2014; Pardo-Saganta et al., 2015; Rock et al., 2011, 

Zepp and Morrisey, 2019). For instance, Nabhan and colleagues (2018) discovered 

Wnt/-catenin signaling creates a niche which promotes AT2 stemness in injury, while 

lack of Wnt/-catenin activity encourages AT1 differentiation. Nonetheless, knowledge 

surrounding mechanisms which commit AT2 cells to differentiate into AT1 cells during 

repair and regeneration is lacking. 

Recently, a collection of papers demonstrated the existence of an alternative 

alveolar progenitor state during injury repair termed PATS, DATP, or ADI in the murine 

lung and alveolar organoids (pre-alveolar type 1 transition state, damage-associated 

transitional progenitor, alveolar differentiation intermediate, respectively) (Kobayashi et 
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al, 2020; Choi et al., 2020, Strunz et al, 2020). In all papers, authors noticed injured AT2 

cells did not differentiate into AT1 cells, yet created a cell type which expressed AT1 

genes with an AT2-like morphology. This transitional cell state eventually differentiated 

into AT1 over time. These studies demonstrate AT2 cells could follow a linear trajectory 

directly to AT1 or adapt to a convoluted path through multiple intermediate states to AT1 

(Verheyden and Sun, 2020).  

Lgals3, an alveolar transitional cell specific gene, encodes a glycoprotein binding 

protein, Galectin-3, which modulates cell-cell interactions. Galectin-3 (Gal-3) is 

expressed in the nucleus, cytoplasm, and is secreted into the extracellular matrix (ECM) 

(Johannes et al., 2018; Funasaka et al., 2014). Lgals3 was expressed in organoids and in 

vivo after multiple forms of chemical injury and genetic ablation and co-expressed with 

the Krt8+ alveolar population (Kobayashi et al., 2020; Strunz et al., 2020; Toth et al., 

2023). Interestingly, Lgals3 expression was also found in a cell therapy study for lung 

disease. A single cell suspension of fluorescently-labelled alveolar organoids were 

transplanted into immunodeficient mice, then the lungs were analyzed to determine the 

functional consequences of the transplantation. AT2 cells incorporated within the lung 

decreased fibrosis and were transcriptionally similar to native AT2 cells, yet the 

transplanted population did not differentiate into AT1 cells. Surprisingly, these cells 

expressed Lgals3, suggesting that the transplanted population is transitional cells (Louie 

et al. 2022). The role of Lgals3 in the alveolar transitional cell, however, has not been 

reported. 

In this thesis, I used a highly specific Galectin-3 inhibitor, 3,4-dichlorophenyl 3-

deoxy-3-[4(3,4,5-trifluorophenyl)-1H-1,2,3-triazol-1-yl]-1-thio-a-D-galactopyranoside 
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(GB1107) on C57BL/6J and Gal-3 knockout (KO) alveolar organoids. I showed galectin-

3 is expressed in the epithelial and mesenchymal populations over 21 days. Also, 

galectin-3 expression in the mesenchyme decreases AT2 and alveolar transitional cell 

fate markers, Krt8 and Cldn4. However, mesenchymal galectin-3 expression increases 

AT1 cell fate and gene expression of transitional cell marker, Ctgf. Simulation of a 

galectin-3 free cellular environment further decreases AT2 cell fate and gene expression 

of the transitional cell marker, Ctgf.  

 

This thesis furthers lung organoid differentiation mechanisms for use in cellular 

repair and replacement therapies which hold great promise to ameliorate chronic 

respiratory conditions outside of pharmacological and surgical interventions. 
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Chapter II. 

Method Details 

Mice 

Both male and female 8–12-week-old mice were used for these experiments. The 

following mice were used for experiments: C57BL/6 and B6.Cg-Lgals3tm1Poi/J (Lgals3 

KO). All mice were purchased from Jackson Laboratories. The animal experiments were 

approved by the Boston Children’s Institutional Animal Care and Use Committee 

(IACUC) accredited by Association for the Assessment and Accreditation of Laboratory 

Animal Care (AAALAC) pursuant to National Institute of Health (NIH) guidelines. 

 

Mouse lung disassociation and FACS 

Lungs were disassociated and cells sorted using methods previously described 

(Lee et al., 2014; Louie et al., 2022). Briefly, mice were anesthetized using 1 – 1.5 mL of 

20 mg/mL tribromoethanol (Avertin) delivered intraperitonially. Sedation level was 

determined by lack of toe pinch response. The lungs were perfused with 5 mL of ice-cold 

sterile PBS, then intratracheally inflated with 2 mL of dispase and placed on ice. Next, 

lungs were minced, and incubated with an enzyme mix (0.0025% DNase and 100 mg/mL 

Collagenase/Dispase) suspended in PBS for 45 minutes at 37C. The digested cells were 

sequentially filtered through 100 and 40 M cell strainers (Corning) and pelleted at 1000 
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x g at 4C. The pellet was resuspended in red blood cell lysis buffer (0.15 M NH4Cl, 

10mM KHCO3, 0.1 mM EDTA) for 90 seconds at room temperature, then immediately 

quenched with 6 mL of DMEM (Gibco) and 500 L of FBS (Gibco) and pelleted at 1000 

rpm for 5 minutes at 4C. Then, the pellet was resuspended in 1 mL PBS/10% FBS. Cells 

were stained with anti-CD31 APC, anti-CD45 APC, anti-CD326 (EpCAM) PE-Cy7, anti-

Sca1 APC-Cy7 and DAPI all at 1:100. Single stain controls and fluorescence minus one 

controls were used for each experiment. FACS was performed on a FACSAria II.  

 

Lung organoid culture 

Lung organoids were created as previously described (Lee et al., 2014; Louie et 

al., 2022). Briefly, 5 x 103 freshly sorted CD31-, CD45-, EpCAM+, Sca1- cells from 

C57BL/6 or Lgals3 KO mice were resuspended in 3D media (DMEM/F12 (Gibco), 10% 

FBS, 1% penicillin/streptomycin, 1 mM HEPES, and insulin/transferrin/selenium (ITS). 

Then, 5 x 104 neonatal stromal cells were resuspended in growth factor-reduced Matrigel 

(Corning). The stromal cells were isolated as described previously (Lee et al., 2014). 

Equal volumes of cells in 3D media and stromal cells in growth factor reduced Matrigel 

were mixed, then 100 L of the 3D media/Matrigel suspension pipetted into a 0.4 M 

polyester transwell (Corning). Plates were incubated for 20 minutes at 37C and 5% CO2 

until Matrigel solidified. Lastly, 3D media was added to the lower chamber and media 

was changed every other day. 
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GB1107 treatment 

GB1107 (Galectin-3 inhibitor) was ordered from MedChemExpress (cat# HY-

114409) and resuspended in sterile DMSO. GB1107 was added to fresh 3D media at a 

concentration of 2 M from day zero until day twenty-one unless otherwise noted. 

GB1107 was added to 3D media at every media change. 

 

Organoid culture qPCR 

At day 7, 14, and 21 of organoid culture, 100 L dispase (Corning) was added to 

the top chamber of the transwell and incubated for 1 hour at 37C and 5% CO2. 

Following dissociation of Matrigel, the dispase solution was aliquoted into a 15 mL 

Corning conical tube and placed on ice. Transwells were washed 2x with 500 L of PBS 

with wash added to the 15 mL conical tube. Tubes were briefly vortexed, then organoids 

allowed to settle for 10 to 15 minutes. PBS solution was aspirated, and 1 mL of PBS was 

added to the tube and briefly vortexed. This step was repeated twice. After the third 

aspiration, organoids were centrifuged at 100 x g for 5 minutes to pellet them and excess 

PBS was removed leaving 50 L of PBS. The pellet was lysed with Agilent absolutely 

total RNA lysis buffer according to the manufacturer’s instructions. RNA was extracted 

from the cell lysate with an Agilent absolutely total RNA micro kit following the 

manufacturers instructions. RNA was quantitated with a Invitrogen Qubit RNA HS kit, 

and normalized to the lowest concentration. Then, 10 L of RNA was added to a Thermo 

high-capacity cDNA reverse transcription kit. In the case where organoid RNA was too 

low to be quantitated, 10 L of RNA was used to make cDNA. Gene expression was 
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quantitated using Thermo gene expression master mix and TaqMan probes for Mouse 

AT2, AT1 and transitional cell markers:  Sftpc (Mm00488144_m1), Etv5 

(Mm00465816_m1), Hopx (Mm00558630_m1), Ager (Mm01134790_g1), Ctgf 

(Mm01192933_g1), Cldn4 (Mm00515514_s1), Krt8 (Mm00835759_m1). Relative 

expression was determined using the Ct method.  

Whole mount organoid immunostaining 

Organoid cultures in transwells were fixed with 10% neutral-buffered formalin 

overnight at room temperature. Organoids were permeablized with 0.5% Triton-X 100 in 

1x PBS for 1 hour at room temperature, then blocked in a solution of 10% normal donkey 

serum in 1x PBS overnight. Primary antibodies were incubated at 4C for two days. 

Then, organoids were washed 3x with 0.2% Triton-X 100 in 1x PBS for 30 minutes each. 

Organoids were incubated with Alexa Fluor-coupled secondary antibodies overnight at 

room temperature. Wells were imaged on a Nikon 90i fluorescence microscope. All 

images used in these analyses were imaged at the same Z plane and scaled equivalently to 

subtract background staining using ImageJ. 
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Chapter III 

Results 

Galectin-3 is expressed early and in multiple cell types in alveolar co-cultures. 

 

Earlier studies demonstrated Lgals3 expression within the PATS/Krt8+ ADI 

transitional cell type in co-culture alveolar organoids, but no information exists for 

Lgals3 expression over time (Kobayashi et al., 2020, Louie et al, 2022, Toth et al., 2023, 

Strunz et al, 2020) (Figure 1) Therefore, I used a single cell RNA-seq dataset from Moye 

et al., 2024 which used murine wild-type EpCAM+, Sca1- epithelial cells (AT2 cells) in 

co-culture with murine wild-type stromal cells. The AT2 co-culture organoids were 

incubated for 4, 7, 10, and 14 days then harvested at each time point previously 

mentioned. After harvesting, the single cell suspensions were immunolabeled for 

epithelial and stromal cell populations and separated by FACS. Both cell populations 

were sequenced using the 10x Genomics 3’ scRNA seq platform. Lgals3 expression 

started at day 0 (freshly sorted) and continued until 14 days in culture with expression 

peaking at days 4 and 7 and localized to non-AT1 and non-AT2 cell clusters (Figures 3 & 

4).  

The Moye et al. dataset assigned cell identity clusters with the Leiden algorithm 

(Traag et al., 2019). As expected, the canonical AT2 and AT1 cell types as well as 

PATS/DATP/Krt8+ ADI populations were present in the dataset. PATS/DATP/Krt8+ 
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ADI are referred to as transitional cells in this thesis. (Wang et al., 2018; Strunz et al, 

2020, Choi et al., 2020, Kobayashi et al, 2020). Interestingly, the transitional cell 

population segregated into multiple populations depending on the number of days in 

culture. Transitional cells were found from days 4 through 10. The day 4 through 7 

transitional cells expressed genes associated specifically with injury (e.g. Lgals3 and 

Cldn4). This dataset also showed two populations of AT1 cells expressed from day 4 

through day 14: Hopx+, Igfbp2- and Hopx +, Igfbp2+. Interestingly, these cell types are 

also found in regenerating mouse lungs and alveolar organoids where the Igfbp2+ 

population represents terminally differentiated AT1 cells, and the Igfbp2- population are 

AT2 cells transitioning to AT1 cells (Wang et al, 2018). Lastly, this dataset showed two 

populations of AT2 cells: Etv5+, Lgals3+ and Sftpc+. Surprisingly, Lgals3 is 

upregulated in Etv5 KO alveolar organoids. Etv5 is a required transcription factor for 

AT2 cell identity, and its loss upregulates AT1 cell identity. This suggests a link between 

Lgals3 expression and AT1 cell differentiation (Zhang et al., 2017). Expression of Lgals3 

occurs in all cell populations except for the Sftpc expressing AT2 cell population, and not 

solely in the transitional population (Figure 5). Yet, the Moye et al. dataset it is lacking 

organoid development timepoints past 14 days.  

Therefore, I utilized the single cell RNA-seq dataset from Louie et al., 2022 

which used fluorescently labelled murine wild-type EpCAM+, Sca1- epithelial cells 

(AT2 cells) in co-culture with murine wild-type stromal cells. The AT2 co-culture 

organoids were incubated for 21 days and then harvested, after which the single cell 

suspensions were transplanted into immunodeficient RAG1 KO mice. Native and 

transplanted AT2 cells were isolated from the immunodeficient recipient mice by FACS, 
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in conjunction with the AT2 organoids. All cell populations were sequenced using the 

10x Genomics 3’ scRNA seq platform. The organoid population was a subset taken from 

the entire dataset and analyzed for Lgals3 expression (Figure 6).  

The combined datasets confirmed the expression of Lgals3 in day 0 to 21 co-

culture organoids and suggests a role for Lgals3 expression in alveolar differentiation as 

shown by the AT2/AT1 branch point at day 10. Lastly, this data correlates with 

Kobayashi (2020), Strunz (2020), and Toth (2023) suggesting a biological relationship 

between Lgals3 expression and AT2/AT1 differentiation and is not an artifact due to a 

specific culture condition or the epithelial or stromal population used for alveolar 

organoid formation. 

 

GB1107 dose response in Co-Culture SNO 

 

The Moye et al. dataset demonstrated that Gal-3 is expressed in EpCAM+, Sca1- 

co-culture alvelolar organoids. Therefore, I created EpCAM+, Sca1 co-culture alveolar 

organoids to test the effect of GB1107, a Gal-3 inhibitor, on organoid forming efficiency. 

C57BL/6J mice were euthanized and their lungs removed. A single cell suspension was 

created from murine lungs, then immunolabeled with fluorescent EpCAM and Sca1 

antibodies. EpCAM+, Sca1- cells (AT2) were enriched from the lung suspension using 

FACS. The isolated AT2 cells were combined with murine neonatal lung stromal cells in 

Matrigel and plated into transwells creating alveolar organoids (Figure 2).  
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First, I tested 200 M and 50 M GB1107 in alveolar organoids by adding 

GB1107 to 3D media, then compared the organoid forming efficiency (OFE) of DMSO 

treated to GB1107 treated organoids. Both concentrations inhibited OFE within 7 days 

compared to DMSO treatment. Next, I created a new set of alveolar organoids and dosed 

them with 10 nM, 0.1 nM, and 0.01 nM GB1107 supplemented 3D media. All organoids 

treated with GB1107 showed no difference in OFE at day 7 compared to DMSO-treated 

organoids (data not shown). 

Vuong et al. (2019) mentioned the disassociation constant (Kd) of GB1107 as 37 

nM in human. However, human and mouse Kd differ due to structural differences in the 

carbohydrate recognition domain (CRD) of Gal-3. These differences affect GB1107 

dosing by decreasing the small molecule’s affinity 38-fold, thereby increasing the mouse 

Kd to 1.8 M. Therefore, I re-created EpCAM+, Sca1- organoids using 2 M and 20 M 

and GB1107 supplemented 3D media and assessed OFE over 21 days. 2 M GB1107 

significantly increased OFE up to 16 days and organoid size while 20 M GB1107 

inhibited OFE compared to DMSO treated controls. (Figure 7). At 8 days of Gal-3 

inhibition, treated organoids were 282 m and the DMSO treated controls were 182m. 

This equates to a 35% difference in size and this trend continued up to 16 days in culture. 

At 16 days, there were 39% more organoids in the GB1107 treated cultures compared to 

the DMSO treated controls, although this difference was statistically insignificant (Figure 

8). These experiments determined  20 M or  2 M GB1107 are toxic and do not elicit 

an effect, respectively. Organoid and OFE significantly increased when treated with 2 

M GB1107 and established a dosage and timeframe for a phenotypic change. 
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Impact of Galectin-3 inhibition on alveolar differentiation 

 

I next sought to determine if Gal-3 inhibition influences alveolar differentiation. I 

treated alveolar cultures from three C57BL/6J mice with 2 M GB1107 from day 0 to 

day 7, day 14, or day 21 in culture. These timepoints encompass early, mid, and late 

timepoints for Gal-3 expression in SNO co-cultures. First, I reasoned if GB1107 

influenced alveolar differentiation then the strongest effect would be after 21 days of Gal-

3 inhibition. Therefore, at day 21, I fixed and immunostained DMSO and GB1107 treated 

EpCAM+, Sca1- co-culture alveolar organoids with SPC and Ager (AT2 and AT1 

markers, respectively). This experiment showed typical organoid morphology where SPC 

localized to the outer surface, and Ager within the organoids. This staining pattern was 

consistent across the biological replicates. Ager staining increased in the treated 

organoids across all replicates, however, was heterogenous across the well. A population 

of treated organoids expressed Ager solely while the Ager staining area increased in other 

organoids with less SPC stained cells around the perimeter. This result contrasted with 

the untreated controls which uniformly stained with SPC and Ager (Figure 9). This result 

suggested Gal-3 inhibition increases AT1 cell abundance.  

Next, I used qPCR to assess AT2 and AT1 gene expression in EpCAM+, Sca1- 

co-culture alveolar organoids. I extracted then pooled RNA from three transwells of each 

timepoint: 7, 14, and 21 days. First, I evaluated AT2 gene expression using Sftpc and 

Etv5. Sftpc was chosen due to its high, specific expression in AT2 cells (Barkauskas, 

2013) and Etv5 was chosen because it is a AT2 lineage-determining transcription factor 

and binds Sftpc (Zhang et al., 2017). Sftpc and Etv5 expression increased over time in 
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untreated organoids with the highest expression at day 21. Gal-3 inhibition increased 

Sftpc and Etv5 expression 3.7- and 4-fold over untreated on day 7, respectively. After 14 

days of Gal-3 inhibition, Sftpc expression decreased 35% from day 7, yet Sftpc 

expression was 1.6-fold higher than untreated. Etv5 expression decreased 21% from day 

7, but remained 1.4-fold higher than untreated. At 21 days of Gal-3 inhibition, Sftpc 

expression remained unchanged compared to day 14 and untreated, while Etv5 expression 

increased by 33% compared to day 14 and was ~ 1.4-fold higher than untreated (Figure 

9).  

Next, I investigated the role of Gal-3 inhibition on differential gene expression of 

the AT1 cell specific genes, Ager and Hopx, at day 7, 14, and 21 in EpCAM+, Sca1- co-

culture alveolar organoids. These two genes were chosen due to their AT1 lineage 

specificity (Bierhaus et al., 2005; Chung and Hogan, 2018; Barkauskas et al., 2013, Jain 

et al., 2015; Yang et al., 2018). Untreated Ager and Hopx expression increased 3.2- and 

4.8-fold from day 7 to day 14 and remained similar at day 21 in alveolar co-culture 

organoids, respectively. Whereas Gal-3 inhibited Ager and Hopx expression increased 

4.5- and 3.9-fold at day 7 over untreated alveolar co-culture organoids, respectively. 

After 14 days of Gal-3 inhibition, Ager expression remained unchanged compared to day 

7, yet had 1.36-fold more expression than untreated, while Hopx expression increased 

29% relative to day 7. Even with this increased expression, there was no perceived 

change between treated and untreated. At 21 days of Gal-3 inhibition, Ager expression 

was unchanged from day 14, yet Hopx expression increased 1.52-fold compared to day 

14 and untreated (Figure 10).  
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Next, I examined the expression of genes in the transitional cell state after Gal-3 

inhibition. This cell state is identified by multiple genes, but Ctgf, Cldn4, Krt8, and 

Lgals3 are the most notable (Kobayashi et al., 2020 Strunz et al., 2020, Toth et al., 2023). 

Ctgf expression in untreated alveolar organoids increased ~7.8-fold from day 7 to 14, 

then increased another 2-fold at day 21. In Gal-3 inhibited EpCAM+, Sca1- alveolar 

organoids, Ctgf gene expression was 4.4-fold higher than untreated day 7 organoids. 

After 14 days of Gal-3 inhibition, Ctgf expression increased ~2.9-fold over day 7 treated 

organoids resulting in 1.6-fold increase in expression relative to untreated. At day 21, 

Ctgf expression increased another 78% over day 14 treated organoids with a 1.4-fold 

increase in expression relative to untreated. Cldn4 expression in untreated alveolar 

organoids was highest at day 7, then dropped 33% at day 14 and remained the same at 

day 21. Gal-3 inhibition increased Cldn4 expression 3.5-fold on day 7 relative to 

untreated. At day 14, Cldn4 expression decreased 81% compared to day 7 treated 

organoids while there was no perceived expression difference seen between treated and 

untreated. Interestingly, at day 21, Cldn4 expression increased 65% in the treated 

organoids relative to untreated. Krt8 expression in untreated EpCAM+, Sca1- alveolar 

organoids did not change from day 7 to day 21, yet, Gal-3 inhibition increased Krt8 

expression 2.4-fold on day 7 compared to untreated. On day 14 of Gal-3 treatment, Krt8 

expression decreased 45% relative to day 7 treated organoids, resulting in no relative 

difference seen between treated and untreated organoids. After 21 days of Gal-3 

treatment, Krt8 expression increased 35%. (Figure 11). These data suggest that AT1 cell 

abundance and gene expression increased upon Gal-3 inhibition within alveolar co-

culture organoids as well as increasing AT2 and transitional cell state gene expression. 
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Impact of Galectin-3 inhibition on alveolar monoculture organoids 

 

AT2 and AT1 gene expression increased in addition to AT1 cell abundance in 

Gal-3 inhibited alveolar co-culture organoids. However, Gal-3 could be expressed in both 

epithelial and stromal populations, confounding the results seen in co-culture with Gal-3 

inhibition. Therefore, I determined whether Lgals3 was expressed in neonatal lung 

stromal cells using the Moye et al. dataset previously mentioned. In addition to 

sequencing the epithelial population of alveolar organoids, the stromal population was 

also sequenced using 10x Genomics 3’ platform. This dataset demonstrated Lgals3 is 

expressed in neonatal lung stromal cells from 0 to 14 days and gradually increases from 

day 7 to 14 (Figure 13). 

 

Since the stromal cell population expresses Lgals3, I created alveolar monoculture 

organoids by euthanizing C57BL/6J mice and removing their lungs. A single-cell 

suspension was created from the murine lungs, then immunolabeled with fluorescent 

EpCAM and Sca1 antibodies. EpCAM+, Sca1- cells (AT2) are enriched from the lung 

suspension using FACS. The isolated AT2 cells were suspended in Matrigel and plated 

into transwells creating alveolar monoculture organoids, therefore allowing me to study 

the effect of Gal-3 inhibition solely on the epithelial compartment. Alveolar monoculture 

organoids were incubated for 10 days in AT2 enrichment media (AMM) supplemented 

with 2 M GB1107. After 10 days, AT1 differentiation media (ADM) supplemented with 

2 M GB1107 was added to the alveolar monoculture organoids for an additional 11 days 
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as previously described by Katsura et al. (2020) and Konishi et al. (2022). At 21 days, I 

fixed and immunostained the alveolar monoculture organoids for AT2 and AT1 markers: 

SPC and Ager. No difference in SPC or Ager staining was seen between treated and 

untreated organoids (Figure 14). This suggests the increase in AT1 cell staining in co-

culture is dependent on Gal-3 inhibition in stromal cells, and Gal-3 inhibition has no 

evident effect on epithelial cell differentiation. 

Due to the conflicting results between AT1 differentiation in alveolar co-culture 

versus monoculture, I re-isolated EpCAM+, Sca1- cells and created alveolar 

monocultures. However, these organoids were kept in AMM supplemented with 2 M 

GB1107 for 21 days. This allowed me to determine whether Gal-3 inhibition had any 

discernable effect on AT2 marker expression. At 21 days, I fixed and stained alveolar 

monoculture organoids with AT2 and AT1 markers: SPC and Ager. Differences were 

seen in Ager staining of GB1107 treated monoculture organoids. Untreated organoids had 

few SPC-Ager double positive cells where Gal-3 inhibited organoids had no visible 

signal (Figure 15). To confirm the staining results, RNA was extracted from alveolar 

monoculture organoids, and AT2 and AT1 specific genes were used for qPCR. Gal-3 

inhibition decreased Ager expression by ~ 34% in treated organoids compared to 

untreated while Sftpc expression was unchanged from untreated organoids. Gal-3 

inhibition decreased expression of Etv5 and Hopx by 14% compared to untreated. These 

results suggest that Gal-3 inhibition promotes an AT2 state by decreasing AT1 cell 

abundance and gene expression.  
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Extrinsic and Intrinsic effects of Lgals3 knockout on Co-culture SNO 

 

The dichotomy between Gal-3 inhibition in monoculture promoting AT2 fate and 

Gal-3 inhibition in co-culture promoting AT1 fate prompted me to devise another way to 

disentangle Gal-3’s role in AT2 cells versus stromal cells. Therefore, I created alveolar 

co-culture organoids by euthanizing Lgals3 KO and Lgals3 wild-type littermates and 

removing their lungs. A single cell suspension was created from the murine lungs, then 

immunolabeled with fluorescent EpCAM and Sca1 antibodies. EpCAM+, Sca1- cells 

(AT2) were isolated from the lung suspension using FACS. The isolated AT2 cells were 

combined with neonatal stromal cells from a C57BL/6J mouse in Matrigel and plated into 

transwells creating Lgals3 KO alveolar co-culture organoids. Wild-type and Lgals3 KO 

organoids were either untreated or treated with 2 M GB1107 and cultured for 21 days. 

This strategy allowed me to minimize to confounding factors created by galectin 

secretion from both cell types. 

Organoids from each condition were counted, then lysed for RNA. Gal-3 KO 

increased organoid forming efficiency by 33% over wild type organoids suggesting Gal-3 

plays a role in AT2 proliferation. Furthermore, adding Gal-3 inhibitor to Gal-3 KO co-

cultures increased organoid forming efficiency another 30% compared to Gal-3 KO 

organoids. The combination of Gal-3 KO and Gal-3 inhibition increased OFE by 72% 

over untreated wild type organoids. This suggests Gal-3 expression affects both epithelial 

and mesenchymal cell populations. Lastly, Gal-3 inhibition increased wild-type organoid 

forming efficiency by 46% over untreated wild type cells. 
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Next, I used qPCR to assess AT2, AT1 and transitional gene expression in Gal-3 

KO, Gal-3 inhibited, and Gal-3 KO with Gal-3 inhibition in co-culture alveolar 

organoids. Consequently, this allowed for a systematic comparison of the specific effects 

of Gal-3 in each cell type. I extracted then pooled RNA from three transwells, then 

performed RT-qPCR using TaqMan probes for Sftpc, Etv5, Ager, Hopx, Ctgf, Krt8, and 

Cldn4. Gal-3 KO organoids decreased AT2 markers, Sftpc and Etv5 expression by 26 and 

18%, respectively. Whereas, AT1 markers, Ager and Hopx expression increased by ~ 

20%. With respect to transitional markers, Ctgf, Krt8, and Cldn4 expression increased 

111% or 2.1 fold, Krt8 decreased by 48%, and Cldn4 decreased by 15%. These results 

suggest Gal-3 expression in the mesenchyme decreases AT2 fate, increases AT1 fate, and 

decreases transitional cell fate. 

Gal-3 KO organoids treated with GB1107 allow a glimpse into the gene 

expression of AT2, AT1 and transitional markers in a Gal-3 free surrogate cellular 

environment. Treated Gal-3 KO organoids decreased AT2 markers, Sftpc and Etv5 

expression by 38 and 30% compared to wild-type, respectively. However, Ager decreased 

20% to the wild-type level. Unexpectedly, Hopx expression increased 33% compared to 

wild-type. Transitional cell gene expression of Krt8 and Ctgf both decreased ~ 40%, 

whereas Cldn4 was unchanged from wild-type. These data suggest that mesenchymal 

expression of Gal-3 increases Ager expression and AT2 marker gene expression. Also, 

mimicking a Gal-3 free cellular environment decreases transitional cell gene expression.  
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Discussion 

Despite the increasing recognition of the significance of alveolar intermediate 

cells in repair and disease, the functional consequences of inhibiting the molecular 

pathways regulating these cells remain unclear. This thesis imparts a demonstration of the 

functional consequences of inhibiting or knocking out Lgals3, which is a specific 

transcriptional marker of the alveolar intermediate cell. I discovered Gal-3 inhibition and 

KO increases OFE, affects AT2 to AT1 differentiation, and increases expression of 

alveolar transitional markers. Unexpectedly, Gal-3 inhibition and KO exert opposing 

effects on alveolar differentiation depending on the presence of mesenchymal cells in 

organoid culture.  

Cell-cell interactions between mesenchymal cells and epithelial cells in the 

alveolus are vital to injury repair and homeostasis, where secreted signals from each cell 

type control self-renewal, proliferation, and differentiation. Therefore, these cells share 

proximity within the tissue architecture. This co-dependency was shown by Zepp et al., 

(2017), Lee et al., (2017) where the type of mesenchymal cell used in culture affects the 

proliferation and differentiation of alveolar epithelial organoids by creating a paracrine 

signaling niche. These niches control the rate of self-renewal and differentiation, where 

AT2 cells which leave the niche differentiate into AT1 cells (Nabhan et al. 2018).  

My Gal-3 inhibited alveolar co-cultures increased Ager staining, suggesting an 

increase in AT1 cells. This result confirmed an increase in Ager and Hopx expression. 

Surprisingly, Sftpc and Etv5 expression increased as well suggesting an increase in AT2 

cells. These results suggest Galectin-3 inhibition increases AT2 cell proliferation leading 

to more AT1 cells or a concurrent increase in AT2 self-renewal and differentiation which 
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leads to an increase in AT1 cells. While this data is unexpected, Zepp et al., (2017) saw a 

similar phenotype while using mesenchymal alveolar niche cells in co-culture with AT2 

cells. Their organoids had increased gene expression of AT2 and AT1 gene markers, and 

an increased ratio of AT1 to AT2 cells.  

Notably, Gal-3 expression is present in epithelial and mesenchymal populations 

over 14 days creating a signaling niche. Therefore, I characterized the epithelial and 

mesenchymal effects of Gal-3 on organoid growth and differentiation. Lgals3 KO AT2 

organoids decreased Sftpc and Etv5 expression and increased Ager and Hopx expression 

suggesting that mesenchymal Gal-3 expression biases epithelial differentiation towards 

an AT1 cell fate. When Gal-3 was inhibited in Gal-3 KO co-cultures, expression of Ager 

and Hopx increased, while Sftpc and Etv5 remained unchanged from Gal-3 KO co-

cultures minus inhibitor. This suggests the expression mesenchymal Gal-3 is required for 

AT1 cell fate. Unexpectedly, previous studies from MacKinnon et al. (2012) and Strunz 

et al, (2020) demonstrated that Gal-3 potentiates TGF- signaling and TGF- pathways 

are critical for AT1 differentiation corroborating this finding. 

I used AT2 monoculture organoids to determine the effect of Gal-3 in the 

epithelial compartment, removing confounding effects from the mesenchyme. Gal-3 

inhibition had no perceived effect on the differentiation of AT2 cells in AT1 promoting 

conditions, yet, decreased Ager staining in AT2 promoting conditions. These results 

suggest that Gal-3 inhibition affects AT2 cells, preventing differentiation. Decreased 

expression of Ager and Hopx confirmed this finding suggesting that Gal-3 inhibition 

decreases AT1 fate. Previous studies discovered a type of AT2 cell called an alveolar 

epithelial progenitor (AEP). AEPs create more AT2 cells after injury and can 
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differentiate into Lgals3 transitional cells but are limited in their AT1 differentiation 

ability. (Zacharias et al., 2018, Toth et al., 2023). Therefore, Gal-3 inhibition could be 

affecting AEP’s.  

I characterized the gene expression of known alveolar transitional cell markers in 

Gal-3 inhibited and/or KO co-cultures to determine how Gal-3 affects signaling between 

the epithelium and mesenchyme. Ctgf expression increased when knocked out in the 

epithelium within co-cultures. However, Gal-3 inhibition in Gal-3 KO and WT co-

cultures decreased Ctgf expression. This suggests that Gal-3 expression from the 

mesenchyme increases transitional cells. Kobayashi (2020) proposed a developmental 

relationship between Ctgf and Lgals3 expressing cells. During injury resolution, a Ctgf 

expressing population occurred shifting into a Lgals3 expressing population resolving 

into a AT1 population expressing classical markers like: Ager, Hopx, and Akap5. Lastly, 

Ctgf is a target gene of transcription factors Yap and Taz, which are required for AT1 

differentiation (LaCanna et al., 2019; Sun et al., 2019). This further suggests increased 

Ctgf expression is driving the increase in AT1 cells. 

Expression of Krt8 and Cldn4 also mark the alveolar transitional cell state, 

therefore, I characterized their expression upon Gal-3 inhibition and/or KO within co-

cultures. Krt8 expression decreased when Gal-3 was inhibited in wild-type co-cultures 

and Gal-3 KO epithelium co-cultures, yet Krt8 expression increased when Gal-3 was 

knocked out in epithelia and inhibited in mesenchyme. Cldn4 remained unchanged in all 

conditions. This suggests mesenchymal expression of Gal-3 controls Krt8 expression. 

These results are surprising because it suggests that mesenchymal expression of Gal-3 

modulates the expression of alveolar transitional genes.  
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The collective results of these findings show Gal-3 plays a key role in AT2 cell 

fate choices. Notably, Gal-3 expression in the mesenchyme decreases AT2 proliferation 

and AT1 differentiation. Gal-3 knockout AT2 cells in co-cultures with Gal3 inhibitor 

increases AT1 marker gene expression and organoid forming efficiency further supports 

this claim. However, the effect of mesenchymal Gal-3’s on the transitional state is still 

unknown due to confounding results (Figure 19).  

This work could have significant therapeutic implications in how non-epithelial 

cellular milieu responds to lung injury and how to ameliorate lung dysfunction stemming 

from pathological states. Further experiments will use Galectin-3 knockout cells with and 

without Galectin-3 inhibition in vitro for transplantation and Galectin-3 inhibition in vivo 

after transplantation to determine if the transplanted cells will differentiate into AT1 cells 

within the donor.  

Limitations of this Study 

 

The major limitation to this thesis is the small sample size, limiting strong 

conclusions. It is unknown whether GB1107 inhibits Gal-3’s function, which could create 

confounding effects limiting the interpretation of these results. Highly specific galectin 

small molecule inhibitors are difficult to design due to similarities in the CRD between 

the 15 family members, therefore many Gal-3 inhibitors can bind other galectins. 

GB1107 is no exception, and binds galectin-1 at a Kd 100 times higher than Gal-3. 

Hence, additional work is required to show that this drug is specific to Gal-3 and the dose 

is inhibiting 100% of the expressed Gal-3. 
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Further analysis of AT2 monoculture needs to be completed. As of now, epithelial 

monoculture is reliant on addition of growth factors and inhibitors that mimic the 

mesenchymal niche. Therefore, as the concentration of these reagents decreases, the AT2 

cells will return to their intrinsic fate. This artificial system confounds interpretation 

when adding another inhibitor that could affect cell fate choice. Consequently, further 

experiments of wild-type and galectin-3 KO AT2 cells need to be performed to determine 

if Gal-3 is expressed in monoculture, as well as the timing of Gal-3 expression. The 

epithelial organoids were not sorted out from the mesenchyme when RNA was extracted, 

therefore I normalized against EpCAM. However, EpCAM expression could be variable 

from cell to cell or across timepoints, leading to variable results when normalizing gene 

expression. Further experiments to assess Gal-3’s effect on AT1/AT2 gene expression 

should be done to determine if this method is a viable alternative to sorting.  
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Figure 1. Cell types involved in alveolar injury and repair. 

A) Classical model of alveolar repair where AT2 cells transdifferentiate into AT1 cells. 

B) Transitional model of alveolar repair where AT2 cells differentiate to a hybrid cell 

state after injury then further differentiate into AT1 cells after injury resolution. 

(Kobayashi et al., 2020; Strunz et al., 2020; Choi et al., 2020) Created at BioRender.com 
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Figure 2. Experimental schematic of galectin-3 inhibition via GB1107 in alveolar 

organoids. 

Lungs were removed from C57BL/6J mice and processed into a single cell suspension 

where EpCAM+, Sca1- cells were isolated via FACS. EpCAM+, Sca1- (AT2) cells were 

combined with neonatal lung stromal cells for in Matrigel then plated on transwells for 

co-cultures or with EpCAM+, Sca1- cells alone for monoculture. GB1107 or DMSO was 

added to 3D media, then media was added to the lower chamber. Organoids were fixed 

at day 21 or RNA was isolated on days 7, 14, or 21 post plating. Created at 

BioRender.com 
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Figure 3. Lgals3 expression during SNO development. 

Left: Force Atlas projection of EpCAM+, Sca1- alveolar epithelial cells with integrated 

developmental timepoints. Right: Lgals3 expression relative to the developmental 

timepoints. Lgals3 peak expression occurs at day 4, day 10, and day 14. Red = increased 

gene expression, Blue = decreased gene expression. Adapted from Moye et al.(2024). 
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Figure 4. Relationship between Lgals3 and AT2/AT1 marker expression.  

Lgals3 expression is found in non-AT1 and non-AT2 cells with some cells co-localizing 

with Hopx expressing cells. Lgals3 expression is mostly exclusive of Sftpb. Red = 

increased gene expression, Blue = decreased gene expression. Adapted from Moye et al. 

(2024). 
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Figure 5.  Identification of cell types within Co-Culture alveolar organoids. 

Left: Grouping of cell types by Leiden algorithm within the Force Atlas projection. Right: 

Expression of cell specific genes within each cluster. Colors of violin plots correspond to 

correspond to the cell cluster they belong to within the Force Atlas projection. Adapted 

from Aaron Moye 
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Figure 6: Lgals3 expression in alveolar organoids cultured for 21 days 

Louie et al. single cell RNA sequencing dataset showing EpCAM+ Sca1- populations pre 

and post transplation. A) Native and Transplanted cells (green, grey and yellow), AT2 

cells from co-culture organoids before transplantation (blue). B) Subset organoid cluster 

showing AT2 and AT1 localization within the cluster and Lgals3 expression. 
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Figure 7. Third GB1107 dose titration in SNO 

Alveolar co-cultures from C57BL/6J were dosed for 21 days with either 2 uM, 20uM 

GB1107 or DMSO. 20uM GB1107 completely inhibited organoid forming efficiency, 

whereas 2uM GB1107 increased organoid size compared to the DMSO treated control. 
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Figure 8. GB1107 dosing timeframe in co-culture alveolar organoids 

EpCAM+, Sca1- organoid cultures from C57BL/6J mice were dosed with either DMSO 

or 2µM GB1107 for 21 days. A) Brightfield images comparing size of untreated 

organoids to galectin-3 inhibited organoids over eight days. B) Quantification of 

organoid size difference over eight days between DMSO and Galectin-3 inhibited 

EpCAM+, Sca1- organoids. Paired T-test was used to test for statistical differences * P 

< 0.05, n= 3 mice, error bars represent mean ± 𝑆𝐸𝑀. 
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Figure 9. Effect of GB1107 treatment on Alveolar differentiation 

Alveolar organoid co-cultures from C57BL/6J mice were dosed for 21 days with either 

2uM GB1107 or DMSO. Organoids were immunostained with Surfactant protein C 

(Spc;green) or Advanced glycosylation end product receptor (Ager; Red).The merged 

image shows an overlay of Spc and Ager demonstrating localization of staining within 

organoids. Representative images from 3 mice. 
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Figure 10. Effect of galectin-3 inhibition on AT2 cell gene expression 

RT-qPCR gene expression of Sftpc and Etv5 in co-culture alveolar organoids. EpCAM+, 

Sca1- organoids were maintained in culture for 7, 14, and 21 days and normalized to 

Day 7 DMSO treatment. n =1 mouse. Error bars represent mean ± 𝑆𝐸𝑀. 
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Figure 11.  Effect of galectin-3 inhibition on AT1 gene expression 

RT-qPCR gene expression of Ager and Hopx in co-culture alveolar organoids. EpCAM+, 

Sca1- organoids were maintained in culture for 7, 14, and 21 days and normalized to 

Day 7 DMSO treatment. n =1 mouse. Error bars represent mean ± 𝑆𝐸𝑀. 
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Figure 12.  Effect of galectin-3 inhibition on transitional cell gene expression 

RT-qPCR gene expression of Ctgf, Cldn4, and Etv5 in co-culture alveolar organoids. 

EpCAM+, Sca1- organoids were maintained in culture for 7, 14, and 21 days and 

normalized to Day 7 DMSO treatment. n =1 mouse. Error bars represent mean ± 𝑆𝐸𝑀 

  



 

46 

 

Figure 13.  Lgals3 expression in neonatal lung stromal cells 

Violin plots of Lgals3 expression in stromal cells from postnatal day 14 C57BL/6J YFP 

(Y) mice showing a co-culture time course. 0 day (dy) are cells freshly sorted, then 

sequenced using single cell RNA sequencing. EpCAM+, Sca1- epithelia were incubated 

with stromal cells for 4 to 14 days then sorted from the epithelia and sequenced using 

single cell RNA sequencing. Adapted from Moye et al., 2024.  
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Figure 14.  Effect of galectin-3 inhibition on differentiated monoculture alveolar 

organoid cultures. 

Alveolar organoid monocultures from C57BL/6J mice were cultured in AMM for 10 days, 

then ADM for 11 with 2uM GB1107 or DMSO. Organoids were immunostained with 

Surfactant protein C (Spc;green) or Advanced glycosylation end product receptor (Ager; 

Red).The merged image shows an overlay of Spc and Ager demonstrating localization of 

staining within organoids. Representative images from 3 mice. 
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Figure 15.  Effect of galectin-3 inhibition on monoculture alveolar organoid cultures 

Alveolar organoid monocultures from C57BL/6J mice were cultured in AMM for 21 days, 

with 2uM GB1107 or DMSO. Organoids were immunostained with Surfactant protein C 

(Spc;green) or Advanced glycosylation end product receptor (Ager; Red).The merged 

image shows an overlay of Spc and Ager demonstrating localization of staining within 

organoids. Representative images from 3 mice. 
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Figure 16.  Effect of galectin-3 inhibition on AT2/AT1 gene expression in 

monoculture alveolar organoids. 

RT-qPCR gene expression of Sftpc, Etv5, Ager and Hopx. in co-culture alveolar 

organoids. EpCAM+, Sca1- co-culture organoids were maintained in culture for 21 days. 

and normalized to Day 7 DMSO treatment. n = 3 mice. Error bars represent mean 

± 𝑆𝐸𝑀. Paired T-test was used to test for statistical differences. * P < 0.05  
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Figure 17.  Effect of galectin-3 knockout and/or inhibition on organoid forming 

efficiency co-culture alveolar organoids. 

EpCAM+, Sca1- organoid cultures from C57BL/6J or Galectin-3 knockout mice were 

dosed with either DMSO or 2µM GB1107 for 21 days. 21 day organoids were counted 

using ImageJ and OFE was calculated by total number of organoid divided by number of 

AT2 plated. n =1 mouse. Error bars represent mean ± 𝑆𝐸𝑀.  
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Figure 18.   Effect of galectin-3 knockout and/or inhibition on organoid forming 

efficiency co-culture alveolar organoids. 

RT-qPCR gene expression of Sftpc, Etv5, Ager, Hopx, Krt8, Ctgf, and Cldn4 in co-culture 

Lgals3 KO or wild-type alveolar organoids treated with GB1107 or DMSO. Organoids 

were maintained in culture for 21 days. and normalized to wild-type DMSO treatment. n 

= 1 mouse. Error bars represent mean ± 𝑆𝐸𝑀. 

 

  

Sftpc Etv5 Ager Hopx Krt8 Ctgf Cldn4
0.0

0.5

1.0

1.5

2.0

2.5

R
e
la

ti
v
e
 E

x
p

re
s
s
io

n

Gal3 WT

Gal3 KO

Gal3 WT +GB1107

Gal3 KO +GB1107



 

52 

Figure 19.  Proposed model of galectin-3 expression in alveolar organoids. 

Galectin-3 expression plays a role in lung epithelium and mesenchyme. Mesenchymal 

galectin-3 expression inhibits AT1 differentiation and blocks AT2 proliferation. Galectin-

3 expression in transitional cells limits AT2 proliferation. 


