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Fetal Therapy

Dedicated to Treating Disease Before Birth



Spina Bifida
(Myelomeningocele, MMC)

• 2nd most common birth defect
• Afflicts 4 children born in the United States 

every day 
• CA prevalence - 2.43 (95% CI 2.38-2.48)
• Lifelong disability: paralysis, incontinence, 

cognitive disability
• $200 million annual cost for children with MMC in 

the US



Two-hit Hypothesis

• Primary defect in neurulation

• Secondary intrauterine damage
• Mechanical trauma to exposed spinal cord 
• Amniotic fluid toxicity 



NIH-sponsored Clinical Trial

– Randomized Clinical Trial started March 2002

– Prenatal Surgery versus Postnatal Surgery

– 200 women planned enrollment

– Decreased need for VP shunt (40% vs. 82%)

– Improved motor function at 30 months of 
age

– However, 58% of children still with disabling 
lower extremity paralysis



Fetal Treatment of Spina Bifida



How can we do it better?

▪ We hypothesize that we can further improve 
distal neurological function and repair the 
damaged spinal cord by incorporating biologically 
active STEM CELLS:

– Neural tissue replacement?

– Neuronal rescue / protection?



Placental Mesenchymal Stromal Cells 
(PMSCs)



Unique properties

• Developmentally relevant 
fetal cells

• Largely expandable- reach a 
sufficient number within the 
time window for in utero 
treatment

Placenta-derived Mesenchymal Stromal 
Cells (PMSCs)

World Journal of Stem Cells. 2015 Jan; 7(1): 195-207. 
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To replace damaged, diseased, or absent tissues 

PMSCs- Multipotency
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To induce healing or regeneration of nearby tissues 
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Human Cytokine Array

Immunomodulatory factors Tissue remodeling  factors

PMSCs- Paracrine Secretion

World Journal of Stem Cells. 2015 Jan; 7(1): 195-207.
Stem Cells Translational Medicine. 2015 Jun; 4(6):659-69. 



No placenta stem cells With placenta stem cells
• Increased neuron branching

PMSCs- Neuroprotection



PMSCs- Paracrine Secretion

World Journal of Stem Cells. 
2015 Jan; 7(1): 195-207.
Stem Cells Translational 
Medicine. 2015 Jun; 4(6):659-69. 



Experimental Set-up:
– Well-established fetal 

lamb model

– Defect creation: GA-75 

– Defect repair: GA-100

 

– Groups:

• No repair

• Skin repair

• Repair with matrix only

• Repair with matrix + 

human PMSCs
Sheep MMC Model after birth 

No treatment

Live birth at GA146  

Closed skin

In Utero Stem Cell Treatment of Spina Bifida

The Journal of Pediatric Surgery. 2014; 49(1):133-7. 
Stem Cells Translational Medicine. 2015; 4(6):659-69.

The Journal of Pediatric Surgery. 2015;50(4):617-21.  

Before Repair Skin Closed Repair w/ Stem Cells ECM Patch



Ovine MMC vs. human MMC

Human
Sheep

(100 days pregnancy)



Ovine MMC Repair
Fetal repair by closing dura and skin over the defect

N Engl J Med 2011; 364:993-1004.



Wang, et al., Stem Cells Translational Medicine. 2015  
Kabagambe, et al., The Journal of Pediatric Surgery. 2018  
Vanover, et al., The Journal of Pediatric Surgery. 2019

In Utero PMSC Improved Paralysis

C) D)



In Utero PMSC Treatment Cures MMC Paralysis



Canine MMC model
• Post-birth repair model for moms who don’t qualify for fetal surgery

• Animal model test stem cell treatment for post birth repair
• English bulldogs prone to naturally occurring spina bifida



Canine MMC model





Ovine Efficacy Study

▪ Lambs delivered at 141 days 
gestation by Cesarean Section

▪ Functional assessments 
occurred postnatally at:

– 2-4 hrs

– 24 hrs

– 48 hrs



Motor function results

PMSC-ECM treated lamb



▪ Clinical protocol finalized and 
IND submitted (June 2020) 

▪ FDA Approved (August 2020)

▪ Funding Secured, CIRM 
CLIN2 (October 2020) 

IND Submission



The CuRe Trial: 
Cellular Therapy for in 

utero Repair of 
Myelomeningocele 



– Phase 1/2a prospective study to determine: 

The CuRe Trial: Cellular therapy for in 
utero repair of myelomeningocele 

916-794-2229 
FCTC@ucdavis.edu

Safety
Preliminary 

Efficacy



– 35 patients prenatally diagnosed with an MMC 
lesion and eligible for standard fetal surgical 
repair

– Phase 1: First 6 patients

• February 2021–December 2022

– Phase 2a: 29 additional patients

• January 2023–February 2024

The CuRe Trial: Cellular therapy for in 
utero repair of myelomeningocele 

916-794-2229 
FCTC@ucdavis.edu



Stem Cell Transfer 
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