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Abstract

BACKGROUND: Inflammation induces dysfunction of endothelial cells via inflammatory cell adhesion, and this phe-

nomenon and reactive oxygen species accumulation are pivotal triggers for atherosclerosis-related vascular disease.

Although exosomes are excellent candidate as an inhibitor in the inflammation pathway, it is necessary to develop

exosome-mimetic nanovesicles (NVs) due to limitations of extremely low release rate and difficult isolation of natural

exosomes. NVs are produced in much larger quantities than natural exosomes, but due to the low flexibility of the cell

membranes, the high loss caused by hanging on the filter membranes during extrusion remains a challenge to overcome.

Therefore, by making cell membranes more flexible, more efficient production of NVs can be expected.

METHODS: To increase the flexibility of the cell membranes, the suspension of umbilical cord-mesenchymal stem cells

(UC-MSCs) was subjected to 5 freeze and thaw cycles (FT) before serial extrusion. After serial extrusion through

membranes with three different pore sizes, FT/NVs were isolated using a tangential flow filtration (TFF) system. NVs or

FT/NVs were pretreated to the human coronary artery endothelial cells (HCAECs), and then inflammation was induced

using tumor necrosis factor-a (TNF-a).
RESULTS: With the freeze and thaw process, the production yield of exosome-mimetic nanovesicles (FT/NVs) was about

3 times higher than the conventional production method. The FT/NVs have similar biological properties as NVs for

attenuating TNF-a induced inflammation.

CONCLUSION: We proposed the efficient protocol for the production of NVs with UC-MSCs using the combination of

freeze and thaw process with a TFF system. The FT/NVs successfully attenuated the TNF-a induced inflammation in

HCAECs.

Keywords Exosome-mimetic nanovesicles (NVs) � Freeze and thaw (FT) procedure � Anti-inflammation � Endothelial
cell � TNF-a

1 Introduction

Atherosclerosis is a major reason for cardiovascular disease

which is the main cause of death and disability recently

worldwide [1]. Over the last 30 years, the role of inflam-

mation in atherosclerosis has burgeoned [2]. Inflammation

induces dysfunction of endothelial cells (ECs) through

various inflammatory cells, and this phenomenon and

reactive oxygen species (ROS) accumulation are crucial

triggers for atherosclerosis-related vascular disease [2–4].
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Many research articles have indicated that tumor necrosis

factor-a (TNF-a) is a pivotal cytokine in the inflammatory

cascade, which induces leukocyte migration onto the sur-

face of ECs, finally triggers endothelial apoptosis [5–7].

Additionally, TNF-a induces subsequent intracellular sig-

naling, including the expression of various chemokines and

adhesion molecules like vascular cell adhesion molecule-1

(VCAM-1), intercellular adhesion molecule-1 (ICAM-1),

and E-selectin [8–10]. The inflammatory transcription

factor, nuclear factor j enhancer-binding protein (NF-jB)
plays a significant role in controlling these pro-inflamma-

tory genes [11]. NF-jB is a transcription factor that regu-

lates the expression of several inflammatory mediators

such as TNF-a, interleukin-6 (IL-6), IL-8, and IL-1b [12].

Activation of NF-jB enhances the production of TNF-a,
adhesion molecules, and eventually induces endothelial

dysfunction. Moreover, in cardiac injury and heart dis-

eases, c-Jun N-terminal kinases (JNK) and p38 mitogen-

activated protein kinases (MAPKs) are a critical signal to

participate in ECs’ changes [13–16]. Various candidates,

including natural products [17, 18], and genes [19], are

being conducted to prevent damage of ECs by inflamma-

tion through controlling these pathways. Among them,

exosomes have been utilized with the expectation of

paracrine effects. Moreover, exosomes contain functional

miRNAs, long noncoding RNAs (lncRNA), and various

surface proteins and deliver many subsets of genetic

materials and important messages to alter the gene

expression and cellular functions of distant organs [20–24].

Exosomes can deliver their cargo to the other cells and

can thereby induce the phenotype changes of the recipient

cells. The various physiological roles of exosomes in

intercellular communication can be explained by their

properties to carry genetic and proteomic information

between cells [25, 26]. Recently, umbilical cord-mes-

enchymal stem cells (UC-MSCs) derived exosomes have

been utilized to prevent aging-induced cardiac dysfunction

and unravel the mechanism related to NF-jB/TNF-a
pathway [12]. They utilized UC-MSCs derived natural

exosomes to control the dysfunction of ECs. However, the

production yield of natural exosome from mammalian cells

is too low due to the low release rate and difficulty in

purification [27–29]. As an alternative to natural exosomes,

exosome-mimetic nanovesicle (NV) has been developed

[30]. The nano-sized vesicles, NVs, have similar charac-

teristics with natural exosomes in terms of size, morphol-

ogy, and protein contents [31–33]. While strategies for

NVs production offer much higher yields compared to the

isolation of natural exosomes, currently the generation

method of NVs has not been fully optimized. These pro-

duction techniques suffer from relatively low cost-effec-

tiveness still. Due to the need for specialized equipment or

high costs, the production of NVs may still be prohibitive

to many researchers. Herein, we suggested a higher pro-

duction method of NVs with modification of the process of

NV production. Freeze and thaw (FT) process can help cell

more flexible to penetrate extrusion membrane more easily,

which enable more efficient production of NVs (FT/NVs).

And tangential flow filtration (TFF) system is used in place

of density gradient ultracentrifugation to isolate pure NVs

from residual proteins. To demonstrate the biological

properties of FT/NVs, we pretreated FT/NVs to ECs fol-

lowed by TNF-a treatment for inflammation. The results

indicate that FT/NVs can be a good candidate for devel-

oping agents that can attenuate endothelial inflammation.

2 Materials and methods

2.1 Preparation of NVs and FT/NVs

Umbilical cord-mesenchymal stem cells (UC-MSCs) were

obtained from CHA Biotech Co., Ltd. (Seongnam, Korea).

Cells were cultured in alpha-MEM containing 10% FBS

and 1% antibiotic-antimycotic mixture and maintained in a

humidified atmosphere with 5% CO2 at 37 �C. The eighth

passage (P8) cells were detached with Accutase (Stemcell

technology, Vancouver, BC, Canada). The cells were sus-

pended at a concentration of 3.3 9 106 cells/mL in phos-

phate-buffered saline (PBS) solution, and then sequentially

extruded through different pore sizes of 10 lm, 1 lm, and

200 nm polycarbonate membrane filter (Whatman, Maid-

stone, KNT, UK) using a Liposofast LF-50 (Avestin,

Ottawa, ON, Canada). To concentrate and purify them, a

tangential flow filtration (TFF) system was used with

300 K hollow fiber filter (Repligen, Waltham, MA, USA).

To make FT/NVs, the cell suspension was subjected to 5

cycles of rapid freeze in liquid nitrogen and thaw in 37 �C
water for 5 min each before serial extrusion. The rest of the

process was the same as NVs.

2.2 Characterization of NVs and FT/NVs

The morphology of NVs and FT/NVs was analyzed by

transmission electron microscopy (TEM; FEI Tecnai Spirit

G2, Hillsboro, OR, USA). The samples were loaded onto a

carbon-coated copper grid (Electron Microscopy Sciences,

Fort Washington, PA, USA). Three minutes later, 2%

uranyl acetate was dropped to grid and dried. The images

were recorded by FEI Tecnai Spirit G2 at an acceleration

voltage of 80 kV. The size and concentration of NVs and

FT/NVs were measured with nanoparticle tracking analysis

using the Nanosight NS300 (Malvern Instruments, Mal-

vern, UK). NVs and FT/NVs were dispersed in PBS

solution at 500 ng total proteins/mL and assessed with a

sCMOS camera at level 12, a slide shutter of 1200, and a
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slider gain of 146. The chamber temperature was main-

tained at 25.4 �C. The data were analyzed using nanopar-

ticle tracking analysis software version 3.2 with a detection

threshold of 3, auto set to blur size, and max jump distance.

The total protein amount was examined by BCA protein

assay kit (Pierce, Rockford, IL, USA).

2.3 Cell culture

Human coronary artery endothelial cells (HCAECs) were

obtained from the Lonza (Cambrex, Walkersville, MD,

USA). Cells were cultured in EGM-2 media with MV

bullet kit and maintained in a humidified atmosphere with

5% CO2 at 37 �C.

2.4 Leukocyte adhesion assay

HCAECs monolayers, grown as described earlier, were

established in culture plates. Then NVs or FT/NVs (50 lg/
mL) were added. After being incubated for 2 h, cells of

each well were treated with TNF-a (10 ng/ml) for 6 h.

HCAECs were then incubated with 2 9 105 THP1 cells

labeled with calcein-AM for 1 h. After incubation, non-

adherent cells were removed by washing with PBS solution

twice. A total of three random regions were photographed,

and the numbers of adhesion cells were directly counted.

2.5 Quantitative real-time PCR

Total RNA was reverse transcribed using a PrimeScript RT

reagent kit (Takara, Japan). Real-time PCR was performed

using SYBR green PCR mater mix (Applied Biosystems,

Foster City, CA, USA). Reactions were carried out on the

QuantStudio 3 (Applied Biosystems) with the following

primers. ICAM-1: forward, 50-ccttcctcaccgtgtactgg-30 and
reverse, 50-agcgtagggtaaggttcttgc-30; VCAM-1: forward,

50-tgcacagtgacttgtggacata-30 and reverse, 50-gccaccact-
catctcgattt-30; IL-1b: forward, 50-tacctgtcctgcgtgttgaa-30

and reverse, 50-tctttgggtaatttttgggatct-30; IL-6: forward, 50-
gatgagtacaaaagtcctgatcca-30 and reverse, 50- ctgcagccactg-
gttctgt-30; IL-8: forward, 50-agacagcagagcacacaagc-30 and
reverse, 50-atggttccttccggtggt-30; 18 s rRNA: forward, 50-
gcaattattccccatgaacg-30 and reverse, 50-gggacttaatcaacg-
caagc-30. The data were quantified using 2-DDCt method

with 18 s rRNA as a reference.

2.6 Western blot analysis

Cells were lysed in RIPA buffer. After centrifugation, the

protein concentration of the supernatant was assayed using

a BCA protein assay kit (Pierce, Rockford, IL, USA).

Then, proteins (20 lg) were subjected to 10% SDS-PAGE

and transferred to NC membranes. After blocking,

sequential incubation with primary antibodies and HRP-

linked secondary antibodies, blots were developed using

enhanced chemiluminescence solution for 5 min, after

which they were scanned with Image Lab software (Bio-

Rad, Hercules, CA, USA). The antibodies against VCAM-

1, ICAM-1, Alix, TSG101, and GAPDH were purchased

from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Phospho-JNK and phospho-p38 MAPK antibodies were

purchased from Cell Signaling Technology (Danvers, MA,

USA). CD63 and CD9 antibodies were purchased from

Abcam (Cambridge, MA, USA).

2.7 Measurement of reactive oxygen species (ROS)

HCAECs were pretreated with exosomes for 2 h and then

incubated with TNF-a (10 ng/mL) for 3 h. Oxidative stress

in HCAECs was assessed by measuring the levels of ROS

with 2,7-dichlorodihydrofluorescein diacetate stain

(DCFH-DA; Abcam), as recommended by the manufac-

turer. After staining, cells were subsequently analyzed by a

CytoFLEX flow cytometer (Indianapolis, IN, USA).

2.8 Immunocytochemistry

Cells grown on chamber slide (SPL Life science, Korea)

were fixed in 4% paraformaldehyde for 15 min at room

temperature and permeabilized with 0.3% Triton X-100 in

PBS solution. Then, cells were immersed in a blocking

solution containing 5% BSA in PBS solution for 1 h fol-

lowed by the incubation with 1:100 dilution of monoclonal

antibody against NF-jB p65 (Santa Cruz Biotechnology,

Inc.) in a blocking solution for overnight at 4 �C. After
washing, cells were incubated in blocking solution con-

taining Alexa Fluor 555-conjugated anti-mouse IgG (In-

vitrogen, Carlsbad, CA, USA) for 1 h followed by three

washes in PBS solution. The slide was then mounted with

Vectashield mounting solution containing DAPI (Vector

Labs, Burlingame, CA, USA), analyzed by Zeiss 880

confocal laser scanning microscope (Carl Zeiss, Oberko-

chen, Germany).

3 Results

3.1 Efficient production of exosome-mimetic

nanovesicles (NVs) by freeze and thaw (FT)

process

The procedure for the preparation of exosome-mimetic

nanovesicles (NVs) from UC-MSC is illustrated in Fig. 1.

First, the NVs were extruded serially using various sizes of

the polycarbonate membranes. Then, a tangential flow fil-

tration (TFF) system was utilized to isolate purified NVs.
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In general, the production yield of NVs is much more than

that of natural exosomes. The amount of protein of NVs

was evaluated using the BCA assay. The total amount of

protein was about 150 lg from 1 9 107 cells. Although it

was much more than that of natural exosomes, higher

efficient methods for NVs production could be effective for

various biomedical applications. The rigidity of cells could

disturb complete penetration and dissociation during their

passing through the membrane. Freeze and thaw (FT)

procedure could help the cell to penetrate the membrane

with high yield. It consists of quickly freezing at liquid

nitrogen and thawing at 37 �C warm water in sequence.

The FT process represents a mild homogenization proce-

dure that enables cellular membranes more flexible. With

the process, exosome-mimetic nanovesicles (FT/NVs)

could produce about 3 times more proteins than NVs, as

shown in Fig. 2. Then, characterization of the NVs and FT/

NVs by transmission electron microscopy (TEM) and

nanoparticle tracking analysis (NTA) revealed that the

vesicle structure was similar to exosomes. From the NTA,

about 1 9 1010 vesicles were obtained and the size of the

vesicles was around 200 nm. Additionally, Western blot-

ting was used to characterize the NVs and FT/NVs, and the

results showed that both contained common exosomal

markers, such as CD9, CD63, Alix, and TSG101. All these

results suggest that NVs and FT/NVs have similarities with

natural exosomes in size, morphology, and protein con-

tents. Moreover, the production yield of FT/NVs was about

3-fold higher than NVs.

3.2 NVs inhibit TNF-a induced leukocyte adhesion

and cell adhesion molecule expression

The adhesion of leukocytes to vascular endothelium is a

hallmark of the inflammatory process. To investigate the

anti-inflammatory effects of NVs on endothelial inflam-

mation, the adhesion of leukocyte to endothelial cells was

observed. In both NVs and FT/NVs, pretreatment of NVs

(50 lg/mL) dramatically inhibited calcein-AM labeled

leukocyte adhesion to TNF-a-stimulated HCAECs

(Fig. 3A, B). Leukocyte recruitment to vascular endothe-

lium relies on the interplays of ECs surface proteins, such

as VCAM-1, with their ligands expressed on leukocytes.

We next investigated the effect of NVs and FT/NVs on

VCAM-1 expression in TNF-a-stimulated HCAECs. As

shown in Fig. 3C, D, both mRNA and protein expression

levels of VCAM-1 decreased, suggesting the inhibitory

effect of NVs on TNF-a-induced leukocyte adhesion to

HCAECs. The difference was not detected between NVs

and FT/NVs.

3.3 NVs decrease the production

of proinflammatory cytokines caused by TNF-a

The activation of leukocytes is a complex process involv-

ing the release of various pro-inflammatory cytokines, such

as TNF-a, IL-6, IL-8, and IL-1b. These cytokines are

important regulators of the inflammatory reaction in the

vessel wall. To evaluate the effect of NVs on the

Fig. 1 Schematic illustration of the experimental procedure for the preparation of exosome-mimetic nanovesicles (NVs or FT/NVs) and

treatment NVs or FT/NVs to human coronary artery endothelial cells (HCAECs)
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production of inflammatory cytokines, the mRNA expres-

sion levels of pro-inflammatory cytokines were determined

using real-time qPCR analysis. As shown in Fig. 4, the

production of pro-inflammatory cytokines in HCAECs was

effectively reduced in the NVs-pretreated group compared

with TNF-a group. These results demonstrated that FT/

NVs, as well as NVs, reduced endothelial inflammation

induced by TNF-a through modulation of inflammatory

response-related factors.

Fig. 2 Characterization of NVs

and FT/NVs. A Total amount of

protein in NVs and FT/NVs

from 1 9 107 cells (n = 3,

**p\ 0.01). B Size distribution

of NV and FT/NV was

evaluated by NTA.

C Representative TEM images

of NV and FT/NV (scale

bars = 200 nm). D Western blot

analysis of exosomal markers

(Alix, CD63, TSG101, and

CD9) on NV and FT/NV

Fig. 3 NVs and FT/NVs

suppressed TNF-a-induced
inflammation in HCAECs.

HCAECs were pretreated with

NV or FT/NV for 2 h and then

stimulated with TNF-a (10 ng/

mL) for 6 h. A Calcein-AM-

labeled THP-1 cells were

incubated with stimulated-

HCAECs for 1 h. Adherent

THP-1 cells on HCAECs were

detected by a fluorescence

microscope (9 40, scale

bars = 200 lm). B Adherent

THP-1 cells were counted and

quantified. The C mRNA and

D protein expression levels of

VCAM-1 were analyzed by

real-time qPCR and Western

blot, respectively. Data are

mean ± SD from 3 independent

experiments. ***p\ 0.001
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Fig. 4 Nanovesicles reduced

the production of pro-

inflammatory cytokines.

HCAECs were pretreated with

NV or FT/NV for 2 h. Then,

cells were incubated with TNF-

a for 6 h. The mRNA

expression levels of A IL-1b,
B TNF-a, C IL-6, and D IL-8

were determined by real-time

qPCR. Data are mean ± SD

from 3 independent

experiments. ***p\ 0.001

Fig. 5 Nanovesicles inhibited the TNF-a-induced oxidative stress.

HCAECs were pretreated with NV or FT/NV for 2 h, and the cells

were stimulated with TNF-a (10 ng/mL) for 6 h. A Intracellular ROS

levels were detected by flow cytometry after DCFH-DA staining.

B Phosphorylation of p38 and JNK was detected by Western blot

analysis. Data are mean ± SD from 3 independent experiments.

**p\ 0.01; ***p\ 0.001
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3.4 NVs inhibit oxidative stress by suppressing p38/

JNK MAPK pathway induced by TNF-a

Because TNF-a increased ROS production in various cell

lines, the intracellular ROS levels were analyzed in TNF-a-
treated ECs by flow cytometric analysis after DCFH-DA

staining. About half the level of ROS was detected in TNF-

a stimulated HCAECs pretreated with FT/NVs (Fig. 5A).

Moreover, the relationship among NVs, p38, and JNK

activities was examined to identify the signaling pathway

which facilitates the anti-inflammatory effect of NVs. As

expected, the result indicated that NVs inhibited TNF-a-
induced p38 and JNK phosphorylation, which means that

the p38 and JNK pathway plays a pivotal role in facilitating

the effects of NVs (Fig. 5B). Taken together, NVs pre-

vented the accumulation of intracellular ROS and the

downstream p38/JNK MAPK signaling activation in

response to TNF-a in HCAECs.

3.5 NVs inhibit nuclear translocation of NF-jB
induced by TNF-a

Activation of the NF- jB transcription family, by nuclear

translocation of cytoplasmic complexes, plays a central

role in inflammation. To investigate the effect of FT/NVs

on the activation of NF-jB, nuclear translocation of p65

subunit of NF-jB was examined via confocal microscopy.

As shown in Fig. 6, TNF-a induced nuclear translocation

of NF-jB compared with the control group. However,

pretreatment of NVs or FT/NVs significantly reduced NF-

jB translocation into the nucleus. These results implied

that the anti-inflammatory effects of NVs are related to the

ability to modulate NF-jB activity.

4 Discussion

In this study, we proposed higher efficient production

methods for exosome-mimetic nanovesicles with additional

freeze and thaw process (FT/NVs). Although the potential

of exosomes in biological applications is widely under-

stood, the amount of natural exosomes isolated from con-

ventional cell culture is extremely small, and the

purification process is also very complicated, limiting their

use. The preparation methods for exosome-mimetic

nanovesicles (NVs) have been established in recent years

for these reasons [30]. Although the methods for NVs

preparation have been developed with similar properties

with natural exosomes, more efficient production methods

would be helpful for various biomedical applications. The

problems with previously reported methods for exosome-

mimetic nanovesicles are the inefficiency of extrusion and

ultracentrifugation. In order to overcome these limitations,

we suggested a method of serial extrusion followed by FT.

Fig. 6 NVs and FT/NVs

diminished TNF-a-induced NF-

jB activation. A HCAECs were

incubated with NV or FT/NV

for 2 h, and then cells were

stimulated with TNF-a for 1 h.

The localization of p65 in cells

was detected by

immunofluorescence and

visualized by confocal laser

scanning microscope (9 400,

scale bars = 20 lm)

B Quantification of nuclear

translocation of p65 as the

percentage compared with the

TNF-a-treated group.

*p\ 0.05; **p\ 0.01
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After serial extrusion with polycarbonate membrane, pure

NVs and FT/NVs could be isolated using a TFF system. In

general, the freeze and thaw process has been utilized for

cell homogenization via cell membrane rupture [34]. This

process is beneficial for cellular membranes more flexible

and eases penetration. TFF system is the filtration system

that the fluid is passed parallel to the filter membrane,

rather than being pushed through a membrane perpendic-

ularly which can clog the filter media [35]. The impurities,

such as extracellular proteins are separated by the TFF

system, resulting in concentrated pure exosomes. Finally,

the combination of freeze and thaw process and TFF sys-

tem produced about 3 times more than general NVs and

about 250 times more than natural exosomes [2, 30]. The

size, shape, and surface exosomal protein markers of FT/

NVs are the same as NVs, and attenuating inflammation

property is also similar.

The proinflammatory cytokine, TNF-a, can increase

ROS level and induce infiltration of various inflammatory

cells into injury sites [2, 10]. TNF-a has been widely uti-

lized in inflammation experiments because TNF-a stimu-

lates the release of many pro-inflammatory cytokines, such

as IL-1b, TNF-a, IL-6, and IL-8 [36]. Herein, we showed

TNF-a triggered leukocyte adhesion on the HCAECs

through NF-jB activation and VCAM-1 upregulation. And

NVs and FT/NVs could diminish TNF-a-induced adhesion

between leukocyte and ECs by blocking mRNA and pro-

tein expression of VCAM-1 and NF-jB activation.

UC-MSC derived exosome has been tried for inflam-

mation inhibition in aging-induced cardiac dysfunction

[12]. However, the low production yield of exosomes

makes it difficult to translate into clinical practice.

Although the effect of our NVs and FT/NVs on inhibition

of inflammations was shown, the exact inhibition mecha-

nism should be unraveled.

In conclusion, we have made the high yield of exosome-

mimetic nanovesicle with freeze and thaw process before

the serial extrusion process. In addition, the TFF system

was introduced for the purification of NVs and FT/NVs. By

combining these processes, we could obtain the FT/NVs

with high yield and high purity. FT/NVs are characterized

and compared with NVs using TEM, NTA, and Western

blotting analysis. Moreover, NVs and FT/NVs were uti-

lized for attenuating TNF-a-induced inflammation in

endothelial cells as well as the expression of pro-inflam-

matory cytokines, including IL-1b, TNF-a, IL-6, and IL-8.

The efficiency of FT/NVs for inflammation relief is similar

to NVs, which exhibited 2-fold decreased compared with

the TNF-a-treated group. Moreover, this study revealed

that TNF-a-induced NF-jB activation was also inhibited

by NVs and FT/NVs pretreatment at the concentration of

50 lg/mL. Based on these results, it is concluded that the

FT/NVs could attenuate TNF-a induced endothelial

inflammation effectively.
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20. Théry C, Ostrowski M, Segura E. Membrane vesicles as con-

veyors of immune responses. Nat Rev Immunol. 2009;9:581–93.

21. Chun SY, Lim JO, Lee EH, Han MH, Ha YS, Lee JN, et al.

Preparation and characterization of human adipose tissue-derived

extracellular matrix, growth factors, and stem cells: a concise

review. Tissue Eng Regen Med. 2019;16:385–93.

22. Mathivanan S, Ji H, Simpson RJ. Exosomes: extracellular orga-

nelles important in intercellular communication. J Proteomics.

2010;73:1907–20.

23. Teng X, Chen L, Chen W, Yang J, Yang Z, Shen Z. Mes-

enchymal stem cell-derived exosomes improve the microenvi-

ronment of infarcted myocardium contributing to angiogenesis

and anti-inflammation. Cell Physiol Biochem. 2015;37:2415–24.

24. van Balkom BW, de Jong OG, Smits M, Brummelman J, den

Ouden K, de Bree PM, et al. Endothelial cells require miR-214 to

secrete exosomes that suppress senescence and induce angio-

genesis in human and mouse endothelial cells. Blood.

2013;121:3997–4006.

25. Valadi H, Ekström K, Bossios A, Sjöstrand M, Lee JJ, Lötvall JO.
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