Mammalian Cloning

David Ng

OnMarch 31st, 1978, J.B. Lippincott, areputable
New York publisher, rushed into print aremarkable
and unique book. Entitled“InHisImage”, thisbook
was authored by a 34 year-old freelance science
writer named David Rorvik, and provided the
disturbing detailsof how he had helped an eccentric
multimillionaireclonehimsdlf. Thebook centred round
thedesiresof avery wealthy individual (codenamed
“Max”), who enlisted the author’shelp to recruit a
respected scientist (codename” Darwin”) inhisquest
to create hisown double. Intop secret conditionsat
a remote and unnamed island near Hawaii,
experiments were performed in a state-of-the-art
medical facility that themillionairehad provided. At
this facility, a doctor (codename “Mary”) ran a
gynaecological serviceto provide Darwin with egg
donors(youngwomenwhowereseeking tubd ligation,
andwho wereinjected with drugsfor superovulation).
Thebook a so describesMax’ sattempt at finding the
perfect woman to bear his clone. In this respect,
severa hundred women wereinterviewed beforea
candidatewasfinally found (codename* Sparrow™).
Eventudly, thecloning experiment took place, Sparrow
became pregnant, and during the end of the last
trimester, the pair flew tothe USA for the birth.

Whenthebook wasreleased onApril 1, it caused
a major furor worldwide that preyed on every
conceivablepublicfear. Herewasthe devel opmental
science sworst PR nightmare, laid out in clear concise
prose. However, because of its publishing date, it
was not completely clear whether it wasatruework
of non-fiction or whether it wasaclever but fictional
commentary on science. Sinceit had unsettled the
scientific and public community to such an extent, the
U.S. congressheldahearingonMay 31t inan attempt
to get tothebottom of it. Unfortunately, Rorvik failed
to appear, but countless prominent scientiststestified
that the concept and possibility of mammaiancloning
wassimply not possibleand likely never would be.

In the end, the dispute was only settled four years
later dueto adefamation charge against aprominent
rabbit cloning researcher whowork waslinkedto the
book. It wasat thistimewhen the publisher finally
admitted toit being ahoax.

Thedebate

Itisinteresting to notethat in recent history, the
debate behind mammalian cloning, and in particular
human cloning, has been relatively quiet. Thisis
primarily because of the overwhelmingly strong
scientific convictionthat it wassmply not feasible.

“The cloning of mammals, by simple
nuclear transfer, isbiologicallyimpossible.”

—James McGrath and Dvor Solter

In retrospect, this is why July 6th, 1996 is
considered to beamonumental datein the history of
science. Thiswaswhen Dr. lan Wilmut announced
the successful cloning of asheep named Dolly, not
from the union of asperm and anegg, but fromgenetic
material derived from an adult cell, amammary cell
from the udder to be more precise. In reality the
procedures for this achievement are remarkably
straightforward, but in order to fully appreciatethe
accomplishment, it isfirst desirableto go over some
of the nuancesbehind thetheory.

Cloningtheory

To begin with, one must be familiar with the
conceptsof differentiationin the devel opment of an
organism. Basicdly, thisissmply atermthat describes
how asnglecd| hastheahility and potentia todevelop
into a specific type of cell, whether it is the cells
respons blefor light uptakeinyour eyes, or thecells
that guide electrical signalsinyour central nervous
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figure 1. Cloning of asomatic cell and possible gpplicationsof cloning.

system. Amazingly, itisasoimportant toredizethat
every cel (except for avery few specia exceptions)
inamammal hasthe same DNA code or genome.
Thismeansthat technically, the code or blueprintin
the eyeball and in a nerve cell, for example, are
identical. However, variouscell typesdo not need or
usedl of thisDNA at any given moment —aparticular
cdl only usesthegenesrequiredfor itsspecificfunction.
Consequently, asdifferentiation to more specific cell
typesproceeds, something happenstothe DNA such
that only specific parts of the code are utilized.
Scientists often refer to thisasthe DNA inthecell
becoming committed or differentiated. It’s this
differentiation that makescloning difficult. Inorder to
make aclone, you need to get agenomein pristine
condition, and moreimportantly, thisDNA needsto

beinagtatethat hasthe potentia to becomeany other
type of cell. In other words, you do not want this
meaterid to bedifferentiatedin any manner whatsoever.
Consequently, theideaof cloning an entiremamma
becomestechnically tricky and needsto be achieved
by following oneof two routes:

(1) Thefirst routesimply entailstheuseof cells
that have not been committed to any developmental
pathway. These cellsare often called totipotent or
pluripotent, and includethe zygote (that first cell!),
and afew divisions after that (i.e. for amouse, it's
about 3 divisions). A more trendy term that is
discussed e sewhereisstem cells. Theproblemwith
using stem cellsis that using cells at these early
embryonic stagesisextremely difficult, inthat these
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cellsarenot easy to find or work with. Thisavenue
has actually been feasiblefor awhile, and was not
actudly the causefor the extensive mediacoverage.

(2) The second route is what caused all the
excitement and furor. Thisaternativerouterelieson
theability to takedifferentiated DNA and somehow
reset it to atoti potent/pluripotent state. And until 1996,
thisroutewasconsdered to bebiologicaly impossible.

Why was this resetting process deemed
impossible? Theshort answer isthat lifeiscomplicated.
People often forget that aliving cell isnot asimple
bubble with anucleusinsideit. DNA isnot just a
perfect chanof A's, T's, C'sand G's; itisanincredibly
complicated structure containing a multitude of
different components, molecules, and chemicals. At
any given moment, theDNA that youwant for cloning
purposesisarranged inamyriad of different shapes,
ateredinavariety of chemica waysand interacting
with millionsof molecules. We need to forget about
thesimple AT CG nucl eotide double strand and look
at thegenomeinamuch larger context.

First of all, DNA ispackaged in avery specific
manner that isguided by certainkey proteins. This
combination of DNA and proteinsisoftenreferred to
aschromatin structure. Nature hasevolved avery
elaborate system of compacting the DNA molecules
using proteinssuch that the huge chainscanfit neatly
within the confinesof thesmall nucleus. Thispacking
isthought to play animportant rolein definingwhat
sequencesare used by any given cell type. Proteins
that are responsiblefor this consist of the histones
whichgenerdly exigingroupsof four (H3, H2A, H2B
and H4), which control afirst order of packing. The
addition of other proteins such as the histone H1
createsasecond order of packing. Furthermore, there
includesanadmost endlesslist of Scaffold proteinsthat
result in even higher order structuring, and alist of
high mobility group proteins, whichinteract to cause
structura kinksor bendsinthechain.

Ontopof dl this,the DNA (and also the proteins)
themsdvescanbechemicaly dtered to affect function.
Thetwo best examples of thisarethe methylation of
cytosine nucleotides, and the acetylation of histone
proteins. Theideaispretty straightforward inthat the
addition of amethyl (-CH?3), or acetyl (-C2H5) group
somehow changestheway DNA and proteinsbehave.

In other words, methylation may makeit easier or
more difficult for histones to come on board, or
acetylation may make histonesmoreor lesslikely to
compact the DNA structure.

Ovedl, thecommon themeinthediscusson above
isthat depending on what happens and when and
where it happens, the look and feel of chromatin
structure along the genome is altered. Thisisa
particularly relevant fact, because chromatinisoften
divided into two forms: an open conformation known
aseuchromatin, and aclosed conformation known as
heterochromatin. Thecurrent hypothesissuggeststhat
inorder for genesto be expressed or used, they need
to be accessibleto the transcription and tranglation
meachinery that isultimately respongblefor makingthe
specific proteinsfor each typeof cell. Inorder for
thisto occur, accessibility appearsto correspond to
the open (euchromatin) conformation. Likewise, the
areas that are packaged (heterochromatin) are
essentialy “ closed” for business. Currently, most of
the data suggeststhat acetylation of histone proteins
playsakey rolein opening up chromatin structure.
Conversely, methylation of cytosine nucleotidesmay
haveaslencing effect (that is, rather than affect the
structure per se, it smply blocks access to key
transcription proteins). Intruth, bothtopicsarestill
very loosely defined, and therole of methylationis
particularly controversid.

Attheend of theday, al of thisinformation leads
to one inescapable fact: DNA isnot just plain old
DNA,, it canbeincredibly variablefromtissuecdll to
tissuecell, in different devel opmental stages, and at
different stagesof itsown cell cycle. Addtothisthat
thesedifferences spansahugeregion (for example,
the human genomeisagood 3.3 billion nuclectidesin
length), and it becomes apparent that even the mental
exerciseof imaginingareversontoaparticular gpecific
stateisadifficult thing to control. Yet thisiswhat
needs to be done to use an adult DNA source for
cloning. You needtotakethat DNA genome, keepit
intact and actually get all the histones, proteins,
methylation, acetylation eventsto revert back tothe
totipotent state. This was simply considered an
impossibletask to achieve.

Cloningin practice
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How ismammalian cloning actually done? What
doesthe researcher need to keep in mind? One of
the obviouscong derationsto think about isthechoice
of nuclear donor. Thisisthe DNA that you planto
use as your genetic blueprint — that is, the actual
instructionsto makeyour clone, and theactual DNA
that will be delivered into an enucleated cell (acell
whose original nucleusisremoved). Thereare a
number of specid criteriato consider, including the
donor’stissuetypeand cell life stage (or cell cycle
stage), and even which speciesof organismwill be
donate its DNA. Intelligent choices regarding a
number of these detail s contributed to the success of
Dr. lan Wilmut’ssheep cloning. For instance, sheep
tissueisapparently delayedin cell commitment steps
incomparisonto other organismssuch asmice (sheep
begintranscribing genesat the 8-16 cdll Sage, whereas
mice start as early as the 2-cell stage). However,
Dolly’ssuccesswasprimarily duetotaking DNA at a
certain stage of thecdll cycle. More specifically the
DNA was taken from cells that were deliberately
starved to induce aquiescent or sleeplike state. In
technical terms, thisisreferredtoasGO (‘G zero’) in
thecdll cycle. Basicaly, it appearsthat under these
inactive conditionsthe DNA islesslikely tobeinuse
(for transcription or evenreplication), and thelikelihood
of differentiation or even errorsduring replicationis
far lower.

Another technical considerationisthetissuetype
of the nuclear source. This is important for the
successful reprogramming of thedifferentiated DNA
intothat zero-leve totipotent “| canbeanything” Sate.
Inthisrespect, thetype of tissue cell isakey factor
sincedifferent tissuetypes have different degrees of
chemica modificationsand different typesof chromatin
structurewhich ultimately can be easier or harder to
reprogram. Thereisalsothedistinct possibility that
the starvation and use of GO DNA can prolong the
ability of the nuclear material to reset itself. This
prolonged reprogramming can be so central to the
successof theclonethat often researcherswill attempt
what isknown asaserial nuclear transfer technique.
Thisisjust afancy termfor taking the DNA out, and
puttingitinafreshyoung cel (likeanunfertilized egg).
After oneround of replication, tekeout the DNA again,
andonceagaintransfer itintoafreshyoungcell. This
givesthe DNA an opportunity to bein atotipotent-
like cytoplasmic environment for two roundsigiead,

of theusua one, and it gopearsto sgnificantly increase
thelikelihood of success.

However, thisparticular successwill moreor less
fal ontheskillsof theindividua taking DNA inand
out of very small cells. Thetechnology involvedin
thisact isquite advanced but till relieson the very
steady hands (no coffee!) of a practiced operator.
However, the recipient cell, which is simply a
developmentaly very young cell that will receivethe
DNA, mugt haveitsown DNA removed (enuclegtion).
Thispart of the procedureisespecially challenging
andrdiesontheuseof microinjectionmachines. These
machines guide specially prepared needles that
puncture the zona pellucida (outermost layer) of an
egg, without actually puncturing into the cytoplasm.
At this point, they attempt to pull out the existing
nuclear material asasmall stretched out bubble of
intact cytoplasm, which will eventudly fal intoitself
and form astructure known asakaryoplast (asmall
bubble of cytoplasm and nuclear material). A good
analogy isto take aballoon and useavacuum hoseto
pull asmall portion of it out! Despitethetechnical
difficulty, youend upwithacell that todl intentsand
purposesisfresh or totipotent, butislacking DNA.

You then supply the DNA using amicroinjector.
Generdly, youcandothisby injectingthe DNA directly
into the cytoplasm of the enucleated cell OR you can
inject akaryoplast of material next to the cytoplasm,
andthenthroughvira or electrical stimulation, cause
the karyoplast and enucleated cytoplasm to fuse
together.

Inclosing

Thebottomlineisthat thisisavery tricky procedure,
whichisprobably best exemplified by itslow success
rate. Asanindication of thisfeature, itispertinent to
inform peoplethat Dolly the shegp wasone successful
attempt out of about 300, which is approximately
equivaenttoa0.3% fruitionrate.

Currently, thislow rate of successisprobably the
most compelling reason to not clone humans. With
thissmall chance of success, should an experimenter
bewilling to attempt thisprocedureon aperson? What
aretheethical consderations, should the experiment
gowrong? Interestingly, thevast mgority of people
(scientistsor otherwise) appear to agreethat the act
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of human cloning isrepulsiveor, at thevery least,
unsettling. However, the reasons for this are
surprisingly personal rather than based on objective
observation. Thisreaction haseven been called the
“ick factor” in past editorials. Many proponents
including those belonging to the human cloning
foundationbelievethat thisanimogty issmply anatural
progression andissimilar to those experienced when
invitrofertilizationtechniquesfirg surfaced. However,
this particul ar topic has appeared to excite public
opinion, especidly withtheactivitiesof biotechfirms
like Genetics Savings and Clones (who offer gene
banking and future pet cloning services), and
fertilization specialists seeking notoriety (like Dr.
Angataniowho claimedto havecloned thefirst human
inApril 2002). Itwill beinteresting to see how this
particular sorylineunfolds.

Asafind note, it should be stressed thet the science
behind thistype of technology hasenormousmedical
potentid inthefieldsof organtrangplantation andtissue
regeneration. In other words, one has to be very
careful at how thistechnology isregulated. Itisfor
thisreason that the U.S. and, more recently, Canada,
have passed lawsmaking human cloningillega except
for therapeutic purposes.

-Dr. Dave Ng holds a Ph.D in Immunology and is
currently an instructor in graduate and
undergraduate studies at the University of British
Columbia.
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