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Room temperature synthesis of dendritic mesoporous silica 

nanoparticles with small sizes and enhanced mRNA delivery 

performance 
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Dendritic mesoporous silica nanoparticles (DMSNs) with a small diameter (~50 nm) and large pore size (>20 nm) have been 

synthesized at room temperature. It is shown that the choice of room temperature synthesis favours the formation of the 

large-pore and small-size DMSNs than conventional synthesis at higher temperature. Compared to mesoporous silica 

nanoparticles with a similar particle size but smaller mesopore size and DMSNs with a similar pore size but larger particle 

size, the DMSNs with both a small particle size and large pore size possess a higher in vitro mRNA transfection efficiency, 

indicating their potential as promising delivery vehicles for exogenous genetic molecules. 

 

Introduction 

Mesoporous silica nanoparticles (MSNs) are recognized as 

promising delivery systems for biomedical applications owing 

to their controllable structures,
1
 excellent biocompatibility

2
 

and easy surface functionalization with desired property.
3
 The 

structural parameters of MSNs play crucial roles in their cargo 

loading and cellular uptake performance, important for 

intracellular drug delivery. For example, MSNs with a diameter 

of 50 nm have been demonstrated with maximum cellular 

uptake efficiency.
4-5

 Furthermore, MSNs with a large pore size 

(>20 nm) exhibited enhanced loading and transfection towards 

plasmid DNA molecules compared to MSNs with a small 

mesopore of 2 nm.
6
 Despite substantial progresses have been 

made in the synthesis of MSNs with diameters of ca. 50 nm,
5, 7-

8
 their pore sizes are limited, which impairs their associated 

loading capability and delivery efficacy of macromolecules.
6, 9

 

Recently, a new class of MSNs with dendritic central-radial 

pore channels (DMSNs) has attracted increasing attention due 

to their unique open and accessible large pores.
10

 Significant 

advances have been made in the pore size
11-18

 and morphology 

control over the DMSNs.
14, 18

 However, the synthesis of 

monodispersed DMSNs with particle sizes around 50 nm with 

large pores (>20 nm) is rarely reported. Moreover, almost all 

previous reports realised the synthesis of DMSNs at elevated 

temperature in either biphasic or aqueous solution synthesis.
1, 

13-14, 18
 There is no report on the synthesis of DMSNs at room 

temperature. 

Herein, we report that DMSNs with a small particle size of ∼ 50 

nm and large dendritic pores of ~20 nm on the surface can be 

synthesized at room temperature. Compared to previous 

reports on the synthesis of DMSNs at an elevated reaction 

temperature (e.g., 80 °C),
 13, 15-16, 19

 it is demonstrated that the 

room temperature favours the formation of large-pore 

dendritic structures. Moreover, a lower temperature is 

essential for the formation of DMSNs with smaller sizes. 

Furthermore, it is demonstrated that the DMSNs with both a 

small particle size and large pore size possess an overall 

enhanced mRNA delivery efficacy than either MSNs with a 

similar particle size but smaller pore size or DMSNs with a 

similar pore size but large particle size. 

Experimental 

Materials and reagents 

Cetyltrimethylammonium bromide (CTAB), triethanolamine 

(TEA), tetraethyl orthosilicate (TEOS, 98%), sodium 3-

(trihydroxysilyl) propylmethylphosphonate (THPMP), 

polyethylenimine (PEI, branched, molecular weight: 10000) 

and phosphate buffer solution (PBS, 10 mM, pH 7.4) were 

purchased from Sigma-Aldrich. Sodium heptafluorobutyrate 

(FC4) was purchased from Santa Cruz Biotechnology. mRNA 

encoding enhanced green fluorescent protein (EGFP) (996 

nucleotides) was purchased from Trilink Biotechnologies. The 

Vybrant Dil cell labelling solution was purchased from 

Thermofisher Scientific. 
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Synthesis of MSNs 

In a typical synthesis, 380 mg of CTAB and a certain amount of 

FC4 were added into 25 mL of deionized water containing 68 

mg of TEA and stirred at room temperature (RT) or 80 °C. After 

addition of 4 ml of TEOS, the solution was further stirred for 24 

h at RT or 2 h at 80 °C. Products were collected after 

centrifugation, followed by calcination at 550 °C for 6 h in air 

to remove the surfactant. The final products are denoted 

MSNs-RT-R and MSNs-80-R, where RT and 80 refer to the 

synthesis temperature, R represents the molar ratio of FC4 to 

CTAB. 

PEI modification of MSNs 

For PEI modification, 30 mg of MSNs were dispersed into 10 

mL of water (pH=10 adjusted with ammonium hydroxide), 

then 10 mL of 56 mM THPMP solution was added into the 

particle solution and stirring at 40 °C for 2 h to achieve surface 

modification of phosphonate groups. After centrifugation and 

thorough washing, the product was re-suspended in 15 mL of 

carbonate buffer solution (100 mM, pH=9.6) containing 150 

mg of PEI (10 k). After stirring for 4 h at room temperature, the 

PEI modified MSNs were obtained by centrifugation, water 

washing and drying overnight at room temperature. 

Characterization  

Transmission electron microscopy (TEM) images were taken 

using JEOL 1010 operated at 100 kV. Before measurement, 

samples were dispersed in ethanol and then dried on carbon 

film supported copper grid. Scanning electron microscope 

(SEM) measurements were conducted using JEOL JSM 7800 

field-emission scanning electron microscope (FE-SEM). For 

preparation, samples were dispersed in ethanol, then dropped 

to aluminium foil pieces which were attached to conductive 

carbon film on SEM mount. The SEM mount was dried in the 

vacuum oven at 60 °C for at least 12 h before characterization. 

Nitrogen adsorption-desorption measurement was conducted 

by a Micromeritcs Tristar II surface area and porosity analyser 

at 77 K. Before the measurement, samples were degassed at 

453 K for 6 h under vacuum. The total pore volume was 

calculated based on the adsorbed volume at the maximum 

relative pressure (P/P0) of 0.99. The pore size of samples was 

calculated through Barrrett-Joyner-Halenda (BJH) method 

from the adsorption branches of the isotherms. The Brunauer-

Emmett-Teller (BET) method was used to calculate the specific 

surface areas. Zeta potential measurement was tested using a 

Zetasizer Nano-ZS from Malvern Instruments at 25 °C.  

mRNA loading and release profile 

5 μg of PEI-MSNs was dispersed in 10 μL of 10 mM PBS 

solution and mixed with 1 μL of mRNA solution (1μg/μL) at 4 

°C for 30 min (weight ratio of PEI-MSNs to mRNA=5:1). Then 

the mixture was centrifuged at 15,000 rpm for 10 min. 2 μl of 

the collected supernatant was analyzed by ‘Nucleic Acid’ 

application module at wavelength of 260 nm in a Nanodrop 

1000 spectrophotometer (Thermo Scientific) to determine the 

amount of mRNA, using PBS as the blank. The release study 

was conducted by dispersing mRNA loaded nanoparticles in 

PBS solution at 37 °C shaking at 50 rpm for 48 h. The release 

mRNA was determined by analysing the collected supernatant 

at selected time points using the Nanodrop. 

 

Gel electrophoresis assay 

0.5 μg of mRNA was mixed with various amounts of PEI 

modified MSNs (0, 5, 10, 20, 30, 40 μg) in 8 μL of 10 mM PBS. 

After incubation at 4 °C for 30 min, 2 μL of nucleic acid sample 

loading buffer (5×) was added into the mixture for a final 

volume of 10 μL. Then the solution was transferred into each 

well of the agarose gel (1%, SYBR-Safe gel stain). The 

electrophoresis was carried out at 80 V for 50 min, then the 

bands were visualized using a UV tans-illuminator (Bio-Rad). 

Cellular uptake assay 

The cellular uptake efficiency of PEI modified MSNs was 

studied in HEK293T (human embryonic kidney) cells by the 

inductively coupled plasma-optical emission spectrometer 

(ICP-OES) instrument (Vista-PRO; Varian Inc., Australia). For 

instance, HEK cells were seeded in a 6 well culture plate with a 

density of 1.25 ×10
5
 cells per well for 24 h of incubation. Then 

20 μL of PEI modified nanoparticle solution (5 mg/ml) was 

added to each well and incubated for another 4 h. Afterwards, 

the medium was removed and the cells were washed with PBS 

and harvested with trypsin. After another wash with PBS, cell 

number was counted and recorded. After centrifugation, 120 

μL of DI water was added to each tube to dissolve cells under 

sonication for 2 h. The cells were centrifuged at 15,000 rpm for 

3 min and the precipitates were dried in a 50 °C oven 

overnight. Finally, the silica particles were dissolved by 150 μL 

of NaOH solution (1 M) at room temperature for 24 h before 

ICP quantification.  

In vitro mRNA transfection 

The delivery efficacy of EGFP mRNA by PEI modified MSNs was 

evaluated in HEK-293T cells. The HEK-293T cells were seeded 

on a 12 well plate with a density of 1.2 ×10
5
 cells/well and 

cultured for 24 h before transfection. 1 μg of mRNA was mixed 

with 40 μg of PEI modified MSNs in PBS with a total volume of 

50 μL for 30 min, then mRNA-nanoparticles (NPs) formulations 

were added by droplets inside each well for further incubation 

of 48 h. The cells were collected to determine the intracellular 

green fluorescent protein expression by flow cytometry. 

Results and discussion 

TEM images of the samples synthesized at RT (MSNs-RT-R) are 

shown in Figure 1A-D. For MSNs prepared at R=0, 0.1, 0.2 and 

0.3, the average particle size (by measuring 100 particles from 

TEM images) was 32, 33, 43 and 104 nm, respectively (Figure 

1A-D). The pore size of MSNs was enlarged from small 

mesopore to large opening pore with increased R from 0 to 

0.3, which is consistent with our previous observation.
19

 The 

typical dendritic structure was observed in MSNs-RT-0.1 

(Figure 1B), which has the smallest particle size compared with 

DMSNs in previous reports.
11, 13-19

  

To show the difference in structures of MSNs caused by 

reaction temperature, MSNs-80-R (R=0, 0.1, 0.2 and 0.3) were 
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also prepared by increasing the reaction temperature to 80 °C 

while keeping the other reaction conditions unchanged. At the 

elevated temperature of 80 °C, the particle sizes of MSNs-80-R  

 
Figure 1.  TEM images of MSNs-RT-0 (A), MSNs-RT-0.1 (B), MSNs-RT-0.2 (C), 
MSNs-RT-0.3 (D), MSNs-80-0 (E), MSNs-80-0.1 (F), MSNs-80-0.2 (G) and MSNs-
80-0.3 (H)  

were enlarged from 44 to 102 nm with increased R (Figure 1E-

H). It is noted that at R of 0.1, only small mesopores are 

observed in the TEM image of MSNs-80-0.1 (Figure 1F). The 

dendritic pores were formed in MSNs-80-0.2 (Figure 1G) when 

R was increased to 0.2. It is concluded that a smaller ratio of  

FC4/CTAB is needed to induce the growth of dendritic 

structures at room temperature than at 80 °C.  

The nitrogen sorption analysis was conducted to characterize 

the pore structures of synthesized particles. The adsorption 

and desorption isotherms (Figure S1A, C, E, G) of MSNs-RT-R 

and MSNs-80-R (R=0, 0.1, 0.2 and 0.3, respectively) all exhibit 

type IV isotherms. Their corresponding Barrett-Joyner-Halenda 

(BJH) pore size distribution curves of MSNs-RT-R and MSNs-80-

R samples calculated from the adsorption branches are shown 

inFigure S1B, D, F, H. Without FC4 (R = 0), MSNs-RT-0 has a 

small pore size of 1.1 nm (Figure S1B). Compared with MSNs-

RT-0, the pore size of MSNs-80-0 is larger (2.0 nm) prepared at 

elevated temperature, which is explained by the increased 

hydrophobic volume in micelles at higher temperature.
20

 

When FC4 was used at R of 0.1, MSNs-RT-0.1 exhibited a 

shoulder peak centred at 5.9 nm in addition to the peak at 1.2 

nm, suggesting the existence of large pores due to the 

penetration effect of FC4 in micelles,
19, 21

 which is consistent 

with the observation from TEM image (Figure 1B). The pore 

size of MSNs-80-0.1 is enlarged to 2.5 nm at 80°C, suggesting 

the formation of slightly swollen micelles as templates for the 

synthesis of MSNs.
13

 With more FC4 (R=0.2) applied in the 

synthesis, the pore size of MSNs-RT-0.2 was increased to 31.7 

nm while maintaining the small mesopore of 1.2 nm (Fig. S1E, 

F), similar to our previous study.
13, 15-16, 19

 However, MSNs-80-

0.2 displayed a shoulder peak centred at 6.8 nm in addition to 

the peak at 2.5 nm, which is supported by TEM observation in 

Figure 1G. When R was further increased to 0.3, the pore sizes 

of both MSNs-RT-0.3 (1.4 and 31.9 nm) and MSNs-80-0.3 (2.5 

and 22.3 nm) were further increased. The physical properties 

of MSNs are summarized in Table S1. The total pore volume 

increased with increased pore size while the surface area 

decreased as a result of enlarged particle size.
22

 

The above TEM images and nitrogen sorption results indicate 

that the room temperature synthesis favours the formation of 

DMSNs with larger dendritic pore and a smaller diameter than 

elevated temperature, and the occurrence of dendritic large 

pores can be induced at a lower R values. Compared to 

elevated temperature with the same R (FC4/CTAB), the 

decreased particle size at RT is explained by the slow 

nucleation rate
8
 and reduced micellar sizes as evidenced by 

the smaller pore sizes (1.1 vs 2.0 nm for MSNs-RT-0 and MSNs-

80-0, respectively). Besides, at elevated temperatures such as 

80 °C, the electrostatic interaction between cationic CTA
+
 and 

anionic FC4
-
 is weakened compared to RT,

23
 leading to 

retarded micelle penetration and structural transformation 

from conventional small-pore MSNs to large-pore DMSNs.
13, 19

 

Therefore, there are two advantages of room temperature 

synthesis: one is the formation of small particle size as the 

core, the other is the easy formation of dendritic large-pores 

on the surface of preformed core particles. Consequently, 

MSNs-RT-0.2 have both small sizes (diameter of 43 nm) and 

dendritic large-pores (26.8 nm) on the surface (Figure 1C), 

which is the largest pore size among all the reported MSNs 
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with the particle size of 50 nm. 
Figure 2. SEM image (A) and ET slice (B) of MSNs-RT-0.2. 

To explore the detailed structure of MSNs-RT-0.2, SEM and 

electron tomography (ET) was further conducted to 

characterize MSNs-RT-0.2. The large pores can be directly 

observed from SEM image (Figure 2A). One ET slice (Figure 2B) 

revealed a core-shell structure, in which the core particle has 

small mesopores (< 2 nm) the shell has open and large pores 

(> 20 nm), supporting the mechanism we proposed before. To 

highlight the large pore size (~26.8 nm) and small particle size 

(~ 43 nm) of MSNs-RT-0.2, we compare this sample to MSNs-

RT-0.3 with a similar pore size (22.3 nm) but a larger particle 

size (102 nm), as well as MSNs-80-0 with a similar particle size 

(44 nm) but smaller mesopore size (2.0 nm), in EGFP mRNA 

delivery applications. mRNA is a more effective and safer 

genetic molecule with sustainable expression of proteins and 

no risk of insertional transfection compared with DNA.
24-25

 

Nonetheless, the intrinsic properties of mRNA include the 

negative surface charge repulsing the anionic cell membrane, 

susceptible structure as well as endosomal entrapment, are 

major concerns for practical applications.
25

 A variety of 

nanoparticles including lipids, polymers and hybrids materials 

have been applied as mRNA delivery systems. 
26-28

 However, to 

date, the cellular delivery of exogenous mRNA using MSNs is 

rarely reported. 

To improve the mRNA binding and promote endosome escape, 
we functionalized MSNs with PEI (donated as PEI-MSNs).

29
 The 

structures of MSNs were maintained as evidenced from TEM 

images of PEI-MSNs (Figure S2). The comparable nitrogen 

contents of these three MSNs were quantified to be around 

5% by elemental analysis (EA, see Table S2), indicating the 

successful PEI modification and similar PEI content. The PEI 

release from MSNs was conducted at 37 °C in PBS buffer (pH 

7.4). After 48 h incubation, samples were collected by 

centrifugation and the nitrogen contents evaluated by EA 

(Table S2) indicated a faster PEI molecule release from large 

pore sized MSNs-RT-0.2 and MSNs-RT-0.3 compared to MSNs-

80-0 with the smallest pore size. 

The loading capacity analysed by Nanodrop was shown in 

Figure 3A. PEI-MSNs-RT-0.3 possessed the highest loading 

capacity of 76.7 ng/μg and the loading capacity of PEI-MSNs-

RT-0.2 and PEI-MSNs-80-0 were measured to be 49.4 ng/μg 

and 27.7 ng/μg, respectively. The highest loading capacity PEI-

MSNs-RT-0.3 could be attributed to its large dendritic pores. 

The surface charge of three groups of MSNs and PEI-MSNs 

before and after mRNA loading was measured (Figure 3B). 

Typically, bare MSNs exhibited negative charge while the 

surface charge shifted to be positive after PEI modification, 

suggesting the successful modification of PEI on MSNs surface. 

Compared with mRNA-PEI-MSNs-RT-0.2 and mRNA-PEI-MSNs-

RT-0.3, mRNA-PEI-MSNs-80-0 showed a negative charge of -

11.6 mV because of the surface adsorption of mRNA on PEI-

MSNs-80-0, which explained the lowest loading capacity 

compared with large pore sized DMSNs. On the other hand, 

the mRNA-PEI-MSNs-RT-0.3 group exhibited the lowest 

negative charge, implying that most of mRNA molecules were 

entrapped inside the mesopore rather than exposed on the 

outer surface.
30

  

The mRNA release study was conducted at pH 7.4, 37 °C based 

on a protocol established from a previous report.
31

 The release 

profile was shown in Figure S3. Among three samples, a most 

sustained release was observed for PEI-MSNs-80-0 during the  
Figure 3. EGFP mRNA loading capacity of PEI-MSNs (A). Zeta potential of MSNs, 
PEI-MSNs before and after EGFP mRNA loading (B). Agarose gel electrophoresis 
(C) of EGFP mRNA-PEI-MSNs complexes: PEI-MSNs-80-0 (upper), PEI-MSNs-RT-
0.2 (middle) and PEI-MSNs-RT-0.3 (lower). 

first 24 h, with a total mRNA release of 62% at 48 h. This is 

explained by the least PEI released (5.5%) from PEI-MSNS-80-0 

with the smallest mesopores in 48 h (Table S2). For PEI-MSNs-

RT-0.2, the mRNA release rate was fast within the first 10 h, 

around 100% of mRNA was released at 48 h. For PEI-MSNs-RT-

0.3, the released mRNA percentage was only 9% within the 

first 6 h, followed by a burst release in the next 4 h and 80% 

release of mRNA till 48 h. The PEI released from PEI-MSNs-RT-

0.2 and PEI-MSNs-RT-0.3 was 11.6% and 38.9%, respectively. It 

is suggested that positively charged PEI conjugated with the 

negatively charged phosphonate surface of MSNs could be 

easily released from the large dendritic mesopores, but not 

from small mesopores. Consequently, PEI-MSNs-RT-0.2 

exhibited the fastest mRNA release behaviour. The sustained 

release of PEI-MSNs-RT-0.3 in the first 6 h should be mainly 

attributed to the mRNA embedding inside the deep and 

dendritic large pores. With a large quantity of PEI released, a 

fast release behaviour similar to that of PEI-MSNs-RT-0.2 was 

observed afterwards. 

The gel retardation assay was conducted to reveal the binding 

affinity. The amounts of PEI-MSNs were tuned from 0 to 40 μg 

while the amount of mRNA was kept at a constant (0.5 μg). 

The mRNA only group (Figure 3C) showed the complete 

electrophoretic shift. For the PEI-MSNs treated group, the 

band intensity of shifted mRNA decreased with the increased 

amount of NPs. When 5 μg of NPs were applied, compared 

with small sized PEI-MSNs-80-0, both PEI-MSNs-RT-0.2 and 

PEI-MSNs-RT-0.3 with dendritic pore channels possessed 

weaker intensity of shifted mRNA, supporting the stronger 

interaction between mRNA molecules and rough DMSNs with 

unique opening pore, consistent with our previous report in 

plasmid binding.
30

 The relatively weak band intensity of PEI-

MSNs-RT-0.3 suggested the stronger binding affinity than PEI-

MSNs-RT-0.2 contributed by the deep dendritic pore channel 

to separate and embed mRNA in the mesopore. No shifted 

mRNA was observed for PEI-MSNs-RT-0.2 and PEI-MSNs-RT-0.3 
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when the amount of NPs was increased to 10 μg, indicating the 

complete binding between mRNA and PEI-DMSNs, while the 

released mRNA was still observed for PEI-MSNs-80-0. When 

the amount of NPs was further increased to 20 or more, the 

mRNA was completely  
Figure 4. Orthogonal side-views from z-stack confocal images confirm the 
successful cellular uptake of PEI-MSNs-RT-0.2. Fluorescent images (A) from the 
blue channel, showing nucleus stained with DAPI; (B) from the green channel, 
showing PEI-MSNs-RT-0.2 labelled with FITC; (C) from the red channel, showing 
cell membrane stained with DIL and (D) overlaid images of (A-C). Pictures of the 
XY plane and the side views along the dashed lines are presented in (D). Scale 
bar: 50 μm. 

retained in the well for all the NPs. The above results revealed 

the strong interaction between mRNA molecules and DMSNs 

due to the nanotopography.  

  The intracellular delivery of EGFP mRNA was conducted by 

incubation of human embryonic kidney cells 293 (HEK293T) 

normal cells with mRNA-PEI-MSNs for 48 h. The cellular uptake 

of PEI-MSNs was quantified by determining the silicon content 

in each cell measured by ICP-OES.
32

 The silicon amount per cell 

(Table S3) indicated the similar cellular uptake of PEI-MSNs-80-

0 and PEI-MSNs-RT-0.2 with similar particle sizes. In contrast, 

PEI-MSNs-RT-0.3 possessing a relative larger particle size 

showed lower silicon content in cells, suggesting smaller-sized 

particles contributed to a higher cellular uptake.
4
 The 

successful cellular uptake was also demonstrated using three 

dimensional Z-stack confocal microscopy analysis (Figure 4). 

The overlapping of green fluorescence (from FITC labelled 

nanoparticles) and blue fluorescence (from DAPI labelled 

nucleus) was within the red color (from DIL stained cell 

membrane) from side view in Fig 4D, suggesting that the co-

localization of nanoparticles and nucleus inside the cells and 

the nanoparticles were uptaken by cells.  

  The cell viability of HEK293T cells treated with PEI-MSNs was 

evaluated using 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay. As shown in Figure 

S4, all PEI-MSNs exhibited dose dependent cytotoxicity and 

retained good biocompatibility, showing >80% viability at 

dosages ranging from 10 to 40 μg/ml. 

  The expressed EGFP level was quantified by fluorescence 

activated cell sorting (FACS) analysis. As shown in Figure 5A, 

mRNA alone showed limited GFP expression. mRNA-PEI-MSNs-

RT-0.2 complexes showed the highest mean fluorescence 

intensity (MFI) due to the strong binding affinity  and high 

cellular uptake contributed by the dendritic nanotopography 

and small diameter respectively. In comparison, the low MFI of 

PEI-MSNs-80-0 was attributed to weak binding affinity limited 

by the small mesopore while the large particle size of PEI-

MSNs-RT-0.3 limited the cellular uptake and efficient 

intracellular expression of EGFP. The transfection efficacy 

(Figure 5B) of mRNA-PEI-MSNs-RT-0.2 was 40.4%, higher than 

both mRNA-PEI-MSNs-80-0 and mRNA-PEI-MSNs-RT-0.3 

complexes because of the small diameter. The fluorescence 

intensity of EGFP was further calculated by multiplying MFI 

with positive cell percentage. To be noted, the mRNA-PEI-

MSNs-RT-0.2 complex (Figure 5C) exhibited much higher 

fluorescence intensity of EGFP compared with other two. 

Lipofectamine was also included as the positive control, which 

showed a higher transfection efficacy (81%) compared to PEI-

MSNs-RT-0.2,  

 

Figure 5. EGFP expression levels in HEK293T cells determined by flow cytometry 
after treatment with mRNA and PEI-MSNs groups: Mean fluorescence intensity 
(A), Positive cell percentage (B) and fluorescence intensity per positive cell (C) 
and confocal microscopy images of EGFP expression in HEK293T cells treated 
with PBS (D), mRNA-PEI-MSNs-80-0 (E), mRNA-PEI-MSNs-RT-0.2 (F) and mRNA-
PEI-MSNs-RT-0.3 (G) . 

suggesting that there is still plenty of room to further improve 

the transfection efficiency of silica-based nano-vectors. 

  The EGFP mRNA expression was also analyzed by confocal 

microscopy (Figure 5D-G). The images were taken for HEK-

293T cells incubated with different PEI-MSNs and mRNA 

complexes for 48 h using PBS treated cells as the control group 

(Figure 4D). PEI-MSNs-RT-0.2 group (Figure 5F) exhibited 

higher green fluorescence intensity (indicating EGFP 

expression level) than PEI-MSNs-80-0 (Figure 5E) and PEI-

MSNs-RT-0.3 (Figure 5G) groups. The observation from 

confocal microscopy images was consistent with the 

quantitative results from flow cytometry (Figure 5A-C).The 

transfection result indicates that the small sized DMSNs with 

large pore size favour efficient mRNA transfection in vitro. 

Conclusions 

DMSNs with small diameter and large pore size have been 

prepared at room temperature for the first time and applied 

for mRNA delivery as a proof of concept. The rational choice of 

room temperature is the key towards the successful synthesis 

of small particle size and dendritic large pores. This new 

finding is important for developing a delivery platform with 

small particle size for efficient cellular uptake and large pore 

size for biomacromolecules in a range of bio-applications. 
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