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Stable, phospholipid-

calcium crystalline 

nanocrystals

Lipid Nanocrystals (LNCs) – Successful Oral Intracellular Delivery of Therapeutic Cargos

• Highly stable nanoparticles that self-assemble when  

phosphatidylserine-containing liposomes and Ca++ are 

combined

• Structure - anhydrous crystalline particles comprised of 

concentrically-wrapped lipid bilayers with embedded cargo

• Outside of cells, normal extra-cellular high Ca++ levels 

maintain the original crystalline LNC structure

• Inside cells, the much lower Ca++ concentrations alter the 

LNC structure, and they release their cargo

• PS has a key role in both targeting and intracellular delivery

The most advanced clinical application of this platform

 is MAT2203, an investigational oral LNC formulation

 of Amphotericin-B 
Boulware DR et al. Clin Inf Disease 2023; 77 (12): 1659-67

https://doi.org/10.1093/cid/ciad440 



Key role of phosphatidylserine (PS)
in cellular targeting and delivery

Membrane-to-
membrane Fusion

Phagocytotic

Dysregulation of TAM signaling has been linked to the pathogenesis of 
autoimmune, inflammatory, and infectious diseases. 

TAM receptors have also been associated with cancer development 
and progression. 

Professional 
Phagocytes

Other Immune Cells
Other cells ?

PS-Expressing CellsPS-Recognizing Cells

Endocytosis

Non-Phagocytotic

Stressed Cells Externalize PS

(delivery directly to the 
cell interior)

Whitlock JM et al. J Biol Chem 2021; 296: 1-16
https://doi.org/10.1016/j.jbc.2021.100411 

PS Receptors
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Before EDTA After EDTA

Virtually no Cy5 observed, confirming 

that cargo is encapsulated within 

unopened LNCs

Appearance of significant amounts of 

Cy5 indicates that the LNCs have 

opened and released their siRNA cargo 

siRNA Cy5

LNC FITC

EDTA

In Vitro

MCF7 Cells

1 hour incubation with 

FITC-labeled LNCs 

carrying a Cy5-labeled 

ASO cargo

(20 nM)

LNC FITC ASO Cy5 Merged

Similarly, after uptake, in 

the much lower calcium 

environment of the 

cytosol LNCs release their 

cargo to the cell interior

Cargo encapsulation and 

protection with 

physiologic Ca++ levels

LNCs protect cargo and deliver it at low [Ca++]

With EDTA-induced Ca++ 

reductions LNCs lose 

their crystalline structure 

and release their cargo 



Two Primary Questions

In the present work, we sought to extend our mechanistic understanding of LNCs and examine  the uptake 

and delivery of LNCs with small oligonucleotide cargo in human blood and in different types of cells.

Live cell imaging with fluorescently-labeled 

siRNA-carrying and ASO-carrying LNCs 

HEK (siRNA)
(low PS expressing somatic human embryonal kidney cells)

SKBR3 (ASO)
(higher PS expressing HER2+ human breast cancer cells)

What cells take up LNCs in blood ?

What are the mechanisms (fusion and/or 

endocytosis) and dynamics of cellular 

uptake in different cell types ?

Two series of experiments

Ex vivo uptake on LNCs in human blood 

with and without siRNA cargo 

(flow cytometry)

Purpose and Approach
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Stimulation with either phytohaemagglutinin (5 ug/mL) or Staphylococcal enterotoxin B (0.1 ug/mL) did not appreciably affect uptake.

80 ug/mL Cy5-labeled LNC
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Human Whole Blood Flow Cytometry 

(0, 3, 24 hr incubation)
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• Empty LNCs were avidly taken up by innate immune cells and B cells, with greater 

uptake at higher concentrations.

• There was no uptake in RBCs 

• Dual-labeled siRNA cargo-carrying  LNCs showed a generally similar uptake 

pattern

• siRNA cargo delivery was also noted relatively early in innate immune cells, 

though less notable in  T cells, B cells and NK cells

• Stimulating healthy immune cells did not noticeably affect uptake or delivery.

• LNC delivery of siRNA cargo was more efficient than delivery of naked siRNA in 

innate immune cells

Key Observations - Ex vivo uptake of LNCs in human blood  (Flow cytometry)



In vitro Dynamic Cell Imaging with Dual-labeled siRNA LNCs in HEK293 cells

Green: LNC FITC

Pink: siRNA Cy5

Blue: nuclear Hoechst

LNCs surround cells
Initial siRNA release 

in some cells

Live cell imaging corroborated LNC uptake and delivery of labeled siRNA 

cargo into the cytosol and provided visual confirmation that LNCs 

encapsulate and protect the siRNA cargo until intracellular release. 

21 hrTime 0 6 hr 10 hr 

Continued intracellular 

release of siRNA

80 ug/mL FITC-labeled LNCs

512 ng/mL Cy5-labeled siRNA cargo



LAMP1 (Membrane) Imaging in HEK293 Cells

Control (no LNC) 3hrs 4hrs 5hrs

6hrs 7hrs 8hrs 9hrs

Hoechst

LAMP1

However, LAMP1 imaging did show a prominent increase in endosome/lysosome formation following incubation with 

LNCs, peaking at 9 hours with large structures visible in all cells, strongly suggesting an endocytotic uptake mechanism. 

Unfortunately, the preparation protocols for higher-resolution simultaneous 

endosome imaging proved to be incompatible with the LNC/fluorophore 

formulation, and details of endosomal escape could not be ascertained.



Membrane LAMP1-labeled cells (no LNCs)

Nucleus 488 channel Membrane Merged

LNC Uptake in SKBR3 Cells

+ FITC-labeled LNC (Cy5-labeled ASO cargo)

Very rapid appearance of LNC membrane in the interior of some cells

Diffuse LNC membrane internalization (rather than packaged) - and 
extremely rapid uptake - suggest fusion rather than endocytosis

[ within 10 minutes ]

Rapid incorporation of LNCs into 
cell surface ruffles (yellow)



Hoechst FITC LAMP Merged

Rapid appearance of 
labelled LNCs into cell 
surface ruffles (yellow 

color in merged images)

LNC Uptake in 

SKBR3 Cells
1 min

10 min

5 min



Dynamic cell imaging of LNC siRNA delivery in SKBR3 Cells
Cy5/ASO Hoescht/Nuclei PMT Merged

By 12 minutes ASO cargo 

strongly evident in membrane

At 145 minutes, on magnified view, 

ASO cargo clearly visible inside cell



80 min 130 min 190 min

45 minutes

Concerns that over-saturation might 
be interfering with images

Reduced LNC concentration by ½
Dropped Cy5 Gain

LNC FITC

ASO Cy5

Hoechst



• In HEK293 cells, LNC uptake is accompanied by prominent formation of 

endosome-like structures at approximately 6 hours, peaking at around 9 hours, 

with delivery of siRNA cargo occurring somewhat later (10 hours plus).

• This pattern is strongly suggestive of endocytotic uptake

• In SKBR3 cells, by contrast, LNC uptake and ASO delivery occurs much more 

rapidly, with almost immediate uptake and very early appearance of cargo in the 

cell membrane ruffles, followed relatively shortly thereafter by the appearance of 

cargo in the cytosol, with delivery complete by about 3 hours.

• The diffuse appearance of cytosolic labeled ASOs and the very rapid time course 

of uptake and delivery is more suggestive of a cell membrane fusion mechanism

Key Observations – In vitro dynamic fluorescent cell imaging

 



As these data indicate, the LNC platform holds considerable promise for the intracellular delivery of complex 

therapeutics, including both single-stranded ASOs and double-stranded siRNA, particularly in inflammation and 

oncology. 

In addition to prior clinical success with oral administration of Amphotericin-B in HIV patients with cryptococcal 

meningitis, LNCs can also be used to deliver small oligonucleotides to a variety of different cell types.

Uptake and delivery proceed differently in different cell lines:

• Ex vivo LNCs are avidly taken up by innate immune cells, particularly professional phagocytes, in blood; 

siRNA cargo delivery follows shortly thereafter.

LNC siRNA delivery to immune cells is more efficient than uptake of naked small oligos.

• In somatic HEK293 cells, uptake and siRNA cargo delivery appears to primarily proceed via endocytotic 

mechanisms, and occur, sequentially, over a period of hours.

• In SKBR3 tumor cells, uptake is much more rapid, and ASO cargo delivery appears to be more related to 

cellular membrane fusion.

Further work is planned to clarify additional details of delivery mechanism(s) and endosomal escape in immune, 

somatic, and tumor cells.

Conclusions



Additional in vivo data on oral delivery of small oligonucleotides presented today



James J. Ferguson, MD

Thank You
jferguson@matinasbiopharma.com
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