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50th Anniversary of Artificial Cells: Their Role in Biotechnology,
Nanomedicine, Regenerative Medicine, Blood Substitutes,
Bioencapsulation, Cell/Stem Cell Therapy and Nanorobotics

Thomas Ming Swi Chang
Artificial Cells and Organs Research Centre, McGill University, Montreal, Quebec, Canada

It was 50 years ago that the first “artificial cells” were prepared [1,2]. This was not an
attempt to reproduce biological cells, but to use available basic knowledge to prepare simple
systems for possible uses in medicine and other areas. The 1957 emulsion method for
forming ultrathin polymeric membrane artificial cells containing hemoglobin and red blood
cell enzymes (Figure 1) has become the basis for the preparation of other types of
microscopic and nanodimension artificial cells. Extensions of the original 1957 drop
procedure for forming larger artificial cells (Figure 1) have become the basis for preparing
artificial cells to contain islet, hepatocytes, genetic engineered cells, stem cells and other
types of cells.

There have been increasing and recently explosive interest and research activities around the
world on artificial cells, especially in fields related to biotechnology, nanomedicine,
nanoscience, bioencapsulation, cell therapy, blood substitutes, advance drug delivery
systems, and even nanoscale robotics and others (Table 1). However, instead of the term
“artificial cells,” many use other terminologies, such as liposomes, nanoparticles,
microcapsules, blood substitutes, bioencapsulation, and so on.

As a result, any meaningful literature search for a complete idea of the present status of the
whole field of artificial cells is impossible. Furthermore, the fact that papers in this highly
interdisciplinary area are published in numerous journals specializing in chemistry,
medicine, surgery, bioengineering, nanoscience and others makes a literature search even
more difficult. Books in this area are mostly multi-authored, describing very specific and
narrow areas. Thus for the 50th anniversary of artificial cells the author has just prepared a
monograph on ARTIFICIAL CELLS: Biotechnology, Nanomedicine, Regenerative
Medicine, Blood Substitutes and Cell/Stem Cell Therapy [5]. This is now such a large area
that it needed more than 1000 references just to summarize the present status and future
perspectives of artificial cells.
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BASIC FEATURES OF ARTIFICIAL CELLS

The initial research on artificial cell forms the basic principle of artificial cells that has been
extended for use in many areas by many groups. Indeed, as stated in the first monograph on
Artificial Cells [3]: “Artificial Cell is not a specific physical entity. It is an idea involving the
preparation of artificial structures of cellular dimensions for possible replacement or
supplement of deficient cell functions. It is clear that different approaches can be used to
demonstrate this idea.”

Basic Features of Early Artificial Cells

Earlier artificial cells have some of the simpler properties of biological cells (Figure 2). The
following are some examples of the basic features:

1 Membrane of artificial cell separates its content from the outside. At the same
time, membrane can be prepared to selectively allow different types of molecules
to cross. This ranges from membrane that does not allow any molecules to cross
to those that allow even very large molecules like proteins to cross. In between
this range, one can prepare artificial cell membranes that restrict the movement
of molecules according to molecular size, lipid solubility, affinity to carrier
mechanisms, etc.

2. The artificial cell membranes can be very thin and yet strong. There is as well a
large surface area. Thus, 10 ml of 20 pm diameter artificial cells has a total
surface area of 2,500 cm2. This is the same as the total membrane surface area of
an artificial kidney machine. In addition, the artificial cell membrane is 100
times thinner than that of the artificial kidney membrane. This means that smaller
molecules can move across 10 ml of 20 pm diameter artificial cells 100 times
faster than that across the artificial kidney machine. The microscopic size of
artificial cells also allows material to diffuse rapidly inside the artificial cells.

3. Artificial cells can contain the same biological material as biological cells. In
addition, they are more versatile since adsorbents, magnetic materials, cells,
drugs and other material can also be included separately or in combination
(Figure 2).

Present Status of the Basic Features of Artificial Cells of Macro, Micron, Nano and
Molecular Dimensions

The general principle of artificial cells can form the basis of a large number of artificial
systems (Figure 2). In addition to being of cellular dimensions in the micron range, they can
also be in the macro range, in the nano range or in the molecular range. Furthermore, the
membrane material includes polymer, biodegradable polymer, lipid, crosslinked protein,
lipid-polymer complex, lipid-protein complex and membrane with transport carriers. The
artificial cells can contain an unlimited variety of material individually or in combinations
(Figure 2). These include cells, stem cells, enzymes, multienzyme systems, hemoglobin,
magnetic materials, microorganism, vaccines, gene for gene therapy, genetically engineered
cells, adsorbents, drugs, hormones, peptides, proteins and others.
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Importance of Progress in Parallel Areas of Biotechnology, Molecular Biology, and
Regenerative Medicine

Most of this author’s earlier original ideas and basic research were related to enzyme and
gene therapy, cell therapy, blood substitutes, regenerative medicine, nanomedicine and
related areas. Developing these for actual clinical use required parallel developments in
molecular biology and biotechnology. More recently, many groups around the world have
made exciting progress in biotechnology, molecular biology, genetic engineering and related
areas. The outcome is a recent new wave of research and development in artificial cells.
Many groups around the world are now working on extensions and modifications of artificial
cells for use in nanotechnology, nanobiotechnology, blood substitutes, regenerative
medicine, gene therapy, cell/stem cell therapy and other areas [4,5].

Historical Milestone

Table 2 shows examples of the milestone of the first report of original ideas in artificial cells.
This is not a complete listing and more details requiring more than 1000 references have
been given elsewhere [5].

FUTURE PERSPECTIVES

In the last 50 years, there has been extension and development of the idea of artificial cells

around the world. However, we have barely touched the surface of the potential of this idea.
Many other extensions and variations in the membrane material, the configurations and the
contents are possible.

Each major progress in other areas has led to stepwise progress in artificial cells. First there
is the coming of age of polymer chemistry and biomaterial. Then there is the recognition of
the importance and developments in biotechnology. Then there is the present ongoing
progress in molecular biology and genomics that will contribute to a quantum leap in the
area of artificial cells. One can expect that there will be important future progress in other
areas that will contribute to unlimited progress in the area of artificial cells.

The following prediction in my 1972 monograph on Artificial Cellsis already out of date:
“Artificial Cell is not a specific physical entity. It is an idea involving the preparation of
artificial structures of cellular dimensions for possible replacement or supplement of
deficient cell functions. It is clear that different approaches can be used to demonstrate this
idea.” In the last 50 years [1], artificial cells have progressed way beyond this 1972
prediction. Artificial cells can now be of macro, micro, nano and molecular dimensions.
There are also unlimited possibilities in variations for the artificial cell membranes and
contents. Even then, we have only just touched the surface of the enormous potential of
artificial cells. For instance, there are groups that are working towards a very ambitious aim
of creating what they call a “living artificial cells.” Other researchers are working on the
next generation of self-repairing computer and robotics technology, which requires the use
of intelligent technical systems based on artificial cells. Toward this end, the European
Commission is supporting an integrated program of “Programmable Acrtificial Cell
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Evolution.” This project focuses on the intelligent technical (IT) potential of artificial cells
that are truly “artificial” and not replicates of biological cells.

There is a tendency for new development and extension of “artificial cells” to be hidden
under numerous new names. Some of these include nanoparticles, nanotubule, lipid vesicles,
liposomes, polymer tethered lipid, polymersome, microcapsules, bioencapsulation,
nanocapules, nanosensor, macroenapsulation, polyhemoglobgin, conjugated hemoglobin,
etc. The result is a fragmentation of the field of artificial cells into different subdivisions,
subdisciplines and societies that do not interact with one another. This is at a time when this
very interdisciplinary field needs researchers from different areas coming together to move
the field forward. One waits for the time when the many arbitrary subdivisions of “artificial
cells” under the guise of different names can come together! When this takes place, the
result of the pooling of talents, specialized know-how in this very interdisciplinary and
international area will lead to progress beyond anyone’s imagination.
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DROP METHOD FOR LARGE ARTIFICIAL RBC (Chang 1957)
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Figure 1.
Original 1957 method of preparing artificial cells (for details see [1,5]). Upper: drop method

for preparing large artificial cells. Principle later extended for use in bioencapsulation of
cells, stem cells, genetic engineered cells. Lower: emulsion phase separation method for
preparing microscopic artificial cells (unlike above, “collodion” prepared by removing most
of alcohol and replaced with ether). Principle extended to preparation of microscopic
artificial cells and drug delivery systems and nanodimension artificial cells (figure from [5]
with copyright permission).
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rinciple of early Artificial C
(Chang 1957,1964)

Like biological cells:

(1) content retained inside to
©® (2) act on permeant molecules

(3) release products

(4) Intracellular environment
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Figure 2.
Upper: Basic principle of early artificial cells. Middle: Different types of early artificial cells

based on this basic principle. Lower: Present status of artificial cells with wide variations in
contents, membrane material and dimensions From [5] with copyright permission.
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Examples of areas of application (details in [4,5]

Artificial organs: hemoperfusion

Drug delivery including biotechnological products
Blood substitutes

Enzyme and gene therapy

Cells therapy: cell/stem cells/genetic engineered cells
Agriculture & Industry

Nanomedicine

Regenerative medicine

Bioencapsulation

Nanoencapsulation

Microencapsulation

Liposomes

Nanocomputers and nanorobatics

Nanosensors

Basic research: cell and membrane

Others

Artif Cells Blood Substit Immobil Biotechnol. Author manuscript; available in PMC 2012 December 10.

Table 1

Page 7



Page 8

Chang

S[eLl} [e21UI]D SPJeMO) 3INIISONS POO|q Sk Uljedspoloniad padojansq

'suonoeal awAzua dalsinw 1oy BuiA[aAda. 10198400 UM SWBISAS sWAzuUsnNW Bulurejuod sjjad [e1oyiuy

21nsgns poojq se qHAjod paxu1ssod apAyapresen|b dojansq

uiqo)Boway payehnfuod uenxap ajqnjos

sauowoy 7 suisjoid Bulurejuod sajontedosdiw pue ssjnsdedosoiw apnoejAjod sjgqepesbaporg

OV bBuisn auia9en joys auo Buissnasip Jaded

SwglsAs Alanijap se sawosodi| 40 Juawdojansp aAIsualxa 03 pa ‘sbnup 7 sawAzua desiua 03 sawosodi] Jo asn 1sli4
'SSAUSNO19SU0I Bullanodal Jusiied ewod aireday Al apeso ul payjnsal uoisnyiadowsy Oy

S|19D [e191MY uo ydesBouow 3si14

"sjuaiied Ul SaINIISNS POOJQ 10} POYIBW SIY} pash s1aylo ‘Jare] ‘qHAjod 01Ul gH paxullssold apAyapletein|b :ABojouydalolgoueN
301W U1 uoissasddns ewodsesoydwA| 1oy Dy swAzus pajuejdw

(uoisngiadowiay ur) sjuaired ui S|139 [eI21411E JO 3SN [B2IUI[D 1S1IH

(suig104d sureluod Q) “Jariied uodsuely 911949 Bulureluod suelquiaw uidlod paxulssosd-pidi] 1o suelquiaw duawA|od-pidi] yim Oy
S3IPNIS [EWIUE Ul UoISNysues) aBUBYIXS Ul 8AI1844 U0GIe0.10N |4

a|ndajow gH a|buls payu1|ssoId AjJejndsjowe.u]

(901w D1WasaEIRIR JUBIDILBP-aSEIEIRD [RHUSAUOD Ul UMOYS) WSI|ogeIsW JO 10418 uloqui ul Adelayl swAzua Joy QY awAzus pajue|duw|
Anngiredwosolq 1oy sueiquisw paxa|dwod aprieyadesAjod yim Oy

Ja14Ied uabAxo se uogledolon|q

uoisnyiadoway 10} SIUaQIOSPe Bulurelu0d DY sueiquIaW Ulyre|n

‘selsayew |eaibojolq pue sjerssiew onaufew Bulureluod Qv

‘utajoid Bulureluod salaydsoudiw pue Dy dMse|IS

Sjuawedwod-1|nwW Je[n|[aoeLiul YIm DV

uoneredas pue Aydelforewolyd anals Jejnaajow o) Oy

2Jeasal J1seq 10 [apow auelquiaw se (sswosodi]) pidi| Jejjawel-inw o saiaydsoiaiw [eisAio pinbi

"Adesay 1199 Ul uoirejoSIoUNWIWI 10} S|199 1981l Bre[nsdesus 01 DV 40} poyiaw dodp uoisniixg

qH parebnluod 7 (qHA0d) uisioad paxullssosd :ABojouydsioiqoueN

saJaydsouoiw u1syold paxu1lssold osfe ‘uiaioid yum payebinfuod sswAjod ‘uisiold paxui|ssold ‘JawAjod Jo sauelquisw
wJoy 0] uolyeziiaWA|od [e1oeIalul O UOITeAIROROI [eloeLIaIUl AQ pawlioy S||ad pue uigojBoway ‘sawAzua Buiureiuod (Qv) S1182 [e1oiily

(Bureod Aeids 10 poyraw uoisniixa ‘uoneredas aseyd uois|nwa)
sawAzua [[32 poojq pal pue uigojfoway Bulurejuod pue sueiquisl DGy aoe|dal 01 suIqUISW J1BYIUAS B Ynim paredald S|[a9 [eIolyILIe 1SI1

eweAoMoA % O}EN 8.6

018 ‘NA ‘UBM ‘Plemunio
‘ue|| ‘neauisnod ‘|[aqduwed yum Bueyd G86T-2L6T

‘[ 13 preyuog 9/67T

m:o>> 7 ulsisuswn|g ‘wel 9/6T
Bueyo eg, 61

Bueyo usz61

sipeiofaio €261

(aoue7) BueyD qz/6T

Bueyd ez/6T

Bueyd qr.61

(eaneN) Bueyd e1.61

‘le 39 Bueyd G/6T-0L6T

Bueyd ez267 Bueyd pegeT

‘e 30 49K99) 896T

[puer % uung 896T

(e2mpy) MAsueuzod 79 Bueyd 896T
[e 10 Bueyd 96T

ue|j09 % YIe|D 996T

BueyD e696T ‘9961

Bueyd 9961

Bueyd 9961

‘le 30 BueyD 996T Bueyd G961
Bueyod qe/6T ‘ee/6T ‘G96T

‘[e 18 weybueg G96T

‘le 30 BueyD 996T Bueyd 96T ‘¥96T
Bueyd G96T ‘7961

(618195 Bueyd ¥96T

Bueyd 2661

([5] wouy ajqejrene sadualajal) pariodal 1541}

¢ 9lqeL

seap! Jo auljawil :(QV) SI190 [eIBINY

CIHR Author Manuscript CIHR Author Manuscript CIHR Author Manuscript

PMC 2012 December 10.

in

available

Artif Cells Blood Substit Immobil Biotechnol. Author manuscript



Page 9

Chang

panowal A|[e216ns JaAI[ JO %06 YNM STel JO [BAIAINS pue AJ9A0234 Ul Buiijnsal Janl| alelauabal |92 Wials MolJew auog paje|nsdedus Dy
|opouwl el & Ul BlwouR[dW 40 yimolb ayy sAejap :aseuisolA1-qHA|0d 40 yoroidde jeaibojouydaloiqoueN

101964 91ydo.ioinaN Alelj1D uewnH 81a19as 0} paldaulbua s|jad parensdesus Buisn ‘aseasiq s,uolbununH 1oy Apnis [ealuld | aseyd
SaWwAzua 294 % qH Bulureluod Qv aueiquiaw Y 1d-93d

leLs1 papul|g-a16uls ‘paziwopuel ‘Isluadninwi e 4o synsai :syuaited [eaifins ui uigojfowsayAjod auinog Jo asn ay L

s|ew [eaiunfd Aabins ewnesy ui uigojbowsayAjod uewny jo Aloeded Bulureisns-ayi| ay.L

sjuaired uj ewoulased dnealoued sjgeladoul JO JusWIEaI] pajeIpaw-|[32 Pale|nsdeausnidiw D JO [el [edIuljD

S[199 Wals 3)npe pue sajAoojeday Buirejnsdeausod Qv

a1} UoIBINAIIY Saseaaul qH Bulurejuod Qv suesquiaw pidij-93d

asn [ed1UI]9 SPJeMO) [ewiue Ul 3s8) pue dojansq :qH a]91saA v pidi]

A0S-LYD-qHA|0d UOISUaWIpOURU 3|gN|OS WIOY 0} seInwWsIp apixoadns pue asefered ‘qH Jo Buryuijssolo Jo ABojouydalolgoueN

sjuaned
S1S043]9s [eJa1e] o1ydonjoAwe Ut 41 ND J0 AIaAIjap [edayiesiul 1oy s|[32 d1suaBousx paiyipow Ajjeonausb o uoiensdesus Jaqy dLBWAod

|opowW Siel D1WaIN UB Ul B3N J1WaISAS S1IaMO| S|199 patasulBbua Ajjeanaual Buiureiuod sjjao feroniue [elo

‘paniodas aouapuadapul urnsuj uaired onagelp T adAl e ur uonelue|dsuel) 18|sI pae|nsdesus OV

S]192 poO|q PaJ [eIdIyIe-0UBY duBIqWAW dLBWA|od a|gepesfapolg

uigojBoway UewNy JuBUIqUI0dsYy

qHAI0d paxu1ssola apAyspreren|B yum sjery [eaiuljd

(aseasip ueyAN-U2saT :wsijogelsl 40 1011 uloqui Ue yum uaired) Juaired e ul s|j89 [e1o1ile sWAzuUa [elo Jo asn [ealul|d
*31NISQNS POO|q Se Ulng|e Jueulquiodal 0} Jo awosodi| 01 Jayis xajdwod sway onsyiuAs Jo Bunss) onla-ul pue Juswdojansg

"pIoe OUIWE J1WaISAS pajuemun
a13199ds anowial AJaA108|9s 0} Adeiayy D aWAzus [e1o 0 asn auy 0) BuIpes| SPIGE OUILLE JO UOITRINDIINRI0ISIUS SAISUIX® JO Buipuly [9AON

sajnaajow a1jiydodi| ab.e| 031 ajqeswtad 1ng sajnaajow d1j1ydopAy [ewsS apnjoxa Jey) sueiquiaw Dy
(re4 eLINUOINAUBY ) WSIOCRISW JO J01I8 UIoqul 10} DV SWAZUS [eI0

1050142 79 S8WO0S0DIW Bulureuod QY

21NISgNS []32 PoO|q pal se ulfesapoioniiad Jo sjeL [eatuld

uigojfowsay parejnsdedus Qv sueiquiaw pidi

ased1V-,M.eN Bulureiuod sswAjod-uisiold-pidi| 40 sueiqusw DY

S|192 parensdeaus Dy areulble-auisAjAjod-areulb|y

CIHR Author Manuscript CIHR Author Manuscript

(ongjueidsuei 49017 1) Bueyd % NI 9002
(r say ewwourtapy) Bueyd 7 NA 002
Jayasigay e 18 ydo|g ¥00C

nA ‘epuemod ‘Bueyd £00z

‘e 38 Bunuds zooz

‘[e 18 pIN0S 200¢

(9oue7) e 18 Y10 T00Z

Bueyd % ni 0002

[e 39 sdillud 666T

BPIYINSL 8661

(fBojouyasjorg ainjep) Bueyd 7 ojj1uby.a 866T

(Gupapy ainze) “1e 18 YibesAT Jayosigey 966T
(eutpapy ainpey) Bueyd 7 ysexeld 9661

‘[e 38 BuoIyS-uooS ¥66T

Bueyd 7 NA 7661

‘[e 18 UUBWIYOH 066T

"[2 39 SSON 66T

Bueyd “[e 18 Inowled 686T ‘BuBYD B686T

"[e 18 BpIYaNS | 200z dnoub s.epiyons | 8867

191517 79 186unog ‘Bueyd 986T
Bueyd  peuueg ‘elyadiS 96T
Buey) 7 19binog 9861

BueyD e uen 9861

16eUBAYO 7 OUNSHIA G86T
111N 7 yoinalpiola 0geT
Bueyd % |eyiussoy 0861
(Boua12s) uns % Wi 0861

CIHR Author Manuscript

PMC 2012 December 10.

in

available

Artif Cells Blood Substit Immobil Biotechnol. Author manuscript



	BASIC FEATURES OF ARTIFICIAL CELLS
	Basic Features of Early Artificial Cells
	Present Status of the Basic Features of Artificial Cells of Macro, Micron, Nano and Molecular Dimensions
	Importance of Progress in Parallel Areas of Biotechnology, Molecular Biology, and Regenerative Medicine
	Historical Milestone

	FUTURE PERSPECTIVES
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

