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1) The importance of single cell large scale
genomic length mapping

“All happy families are the same, all unhappy
families are unhappy in different ways”

-Tolstoy
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/ORLD WAR ON CANCER
"MAKES NOTABLE GAINS

Practical Employment of All ‘Available Information and
% Promotion of Research Regarding the D1sease Have

HYSICIANS and research

Iaboratories in many coun-

tries are engaged in the
war against cancer. The prog-
ress of this war is described in
the following article. Dr. Soper
was for six years director of a
national society against cancer
and in this capacity visited al-
most every centre in America
and Europe where cancer re-
search is carried on. His latest
investigations were made in
Europe during the past Summer,

By GEORGE A. SOPER, Ph. D.
OTABLE progress is being
made in the war against
cancer. The strength and
disposition of the enemy’s

forces are coming to be better under-

stood. Equipment and methods are
being developed which make it pos-
sible more and more successfully
to combat the foe. Some of the
strongest positions are being taken. -

The terror with which cancer has
been regarded for hundreds of years
is no longer warranted. Cancer is
undoubtedly one of the world’'s great-
est plagues, but it is by no means the
invariably fatal malady which it was
once believed to be. Many more cases
are being cured and many more pre-
vented than formerly. This is being
done partly through the greater co-
operation of the patients, who are
learning ‘the necessity for early and
akillful attention, and partly through
the more general employment of
methods based on a better under-
standing of the cancer process.

As time passes it becomes more
and more clear that what is called
cancer is not a single disease with
& definite and invariable train’ of
symptoms, but rather an unwhole-
some bioglogical condition which gets
startad In some way or other and
cannot always be checked. To effect
a cure, the part or parts of the body
fnvolved must be so treated as to de-
stroy or remove every particle of the
cancerous tissue. The full extent of
the growth is invisible, but its prob-
able location must be known to the
physician if the patient is to be
permanently cured. The successful
treatment of a difficult case of
cancer is a very scxentmc accom-
plishment.

cific kind of parasite. The virus
theory of Gye, which aroused so
much popular and scientific interest
when announced through The Lancet
a few years ago, has been the sub-
ject of a great deal of research work
in all parts of the civilized world,
without, however, being confirmed.

The resistance which the normal
body ordinarily offers to the cancer
process is receiving a good deal of
attention from qualified research
workers, and the fundamental rea-
sons why it becomes lowered..or
raised are being carefully investi-
gated.

Second, a great deal of resea.rch
is being carried on into the imme-
diate, ag distinguished from the fun-
damental, causes of cancer. It has
become plain that while susceptibil-
ity plays an important part, it is
only one of two great factors, both
of which are probably concerned in
the production of every cancer. The
other is some form of local irritation,
usually acting over a long interval
of time. It is the combination of
these two, rather than either one of
them acting alone, which produces: a
cancer. If either is present to a
marked degree, the other need not
be so.

One thing is obvious: All forms of
irritation are not equally dangerous.
New light is constantly being shed
on the forms which are most likely
to lead to cancer and, consequently,
especially to be avoided. -Certain
tars, oils and aniline dyes have been
implicated, for example. Practical
information has thus been obtained
as to the necessity of precautions
to be taken by operatives in various
industries. Attempts have been made
io produce’such a substance as may
be assumed to occur mnaturally in
living tissues before a cancer is
formed. It is probable that if this
can be obtained a means of counter-
acting the- disease can be found.

Another line of research with a
practical bearing has been the study
of the relationship between physical
injury and the production of cancer,
for it is popularly supposed that a
cancer sometimes follows a’ blow or
wound. : The result of this inquiry
leads to-the opinion that the connec-
tion, if any, is much less direct than

T Resulted in More Cures and Preventions :

has been commonly supposed. -At-
tempts made to produce cancer of
the lung in -animals by methods re-
sembling the smoking of cigarettes
have failed. These are examples of
récent research work into the im-
mediate or-exciting causes of cancer.

Third, the development of methods
and facilities for diagnosis. and
treatment. ‘In this direction lies the
greatest advance which -has been
made in recent years against cancer,
Through improvements in technique,
and, still more, through the intelll-
gent recording and study of what
has been accomplished in groups of
similar cases treated in the same
way, the percentage of cures has
steadily risen. This is especially
true of radium and X-ray treatment,
when employed alone or in combina-
tion with surgery. The XRadiums-
hemmet at Stockholm and the Ra-
dium Institute of the University of
Paris are universally regarded as
leaders in this direction.

Irradiation has steadily advanced
as one of the best ways to treat can-
cer, but it is only a tool and, like
all tools, the results which are to be

obtained with it depend upon the!
knowledge and skill of the one who!
Today irradiation stands on

uses it.
an equal footing with surgery and
is actually superior to it in .dealing
with cancer in certain parts of the
body.

Medical Treatment.

The medical cure of cancer re-
mains where it was a year ago,
when the discussion of this subject
by a special section of the Interna-.
tional Cancer Conference at London
furnished the only disappointment of
the meeting. Up to the present no
medicine or.drug or serum or vac-
cine suitable for general ‘use and
capable of curing cancer has been
recognized by the medical profession.
Only surgery or X-rays or radium in
their established forms and -combina-
tions should be depended on.

The methods of treating cancer by
irradiation which are universally
regarded as best have been brought
to their present state by a compara-
tively few individuals and institu-
tions. Last year the League of Na-
tions asked some of the foremost
authorities to compare their methods

‘the

With the Photo Mlcrograph It Is Possible to Make Highly Magnified Pictures of tke Minute Cellular
Structures of the Body and Thus Record Abnormal Changes.

and draw up a report giving detailed
instructions to cover the procedures
which they considered best. This has
been done, and a report was issued

‘last June which is of great value.

The Cancer Commission of ‘the
League of Nations is composed of
eminent scientists from England,
France, Germany, Switzerland, Italy,
Holland and Japan.. It attracted
much notice two years ago by pub-
lishing a statistical report which
showed that the cancer mortality in
certain parts of the body was quite
different in different countries with-
out any reason for it being apparent.

On July 24 last the House of Com-
mons voted about $500,000 to equal
the same amount raised by popular
subscription with the assistance of
Thanksgiving Fund for the
King’s recovery, the intention being
to purchase twenty grams of radium
to be used chiefly for the treatment
of cancer. The quantity previously
in the country has been estimated at
about twenty-six grams. The popu-
lar subscription was raised in record

time. On April 29 The London Times

published a strong appeal for contri-
butions and’ within ten days about
$900,000 had been given.

A Radium Trust has been estab-
lished, with a royal charter, to hold
this money 'and be responsible for
the ownership of the radium, and a
commission. has been set up for its
care and utilization. It is intended
that portions of the radium shall be

allocated, under appropriate regula-
tions, to institutions which are quali-
fied to use it, but that the actual
ownership and ultimate control shall
always be vested in Parliament.
How to mdke the best skill and
ability available to all who so sorely
need it is ‘the greatest practical
problem which is connected with the

.war against cancer at the present

time. Apparently the solution does
not lie in making the diagnosis and
treatment of cancer a specialty in
medicine, as some have proposed.
The subject is too complicated and
calls for exceptional knowledge and
skill in too many directions for that.
A plan which is being followed in
some hospitais with good results is
the formation of groups, each mem-
ber of which is expert in some par-
ticular branch of the work to be
done. A group should contain a
pathologist, a general surgeon, a
radiotherapist and an internist. If
possible there should be specialists
in the various branches of surgery,
as gynecology, laryngology, &e.
There is need, also, of special
equipment. Not only must there be
provision for surgery but for X-ray
photographs, the therapeutic appli-
cations of X-rays and radium, and
the keeping of suitable records.
other words, what is required is a
cancer clinic or a cancer hospital.
‘We have some already, but there are
not nearly enough. It would be a
good thing if every general hospital

In

of 200 beds or more had a cancer
clinic.

It must not be supposed from what
has been said that every case of can-
cer requires the combined attention
of 'a whole group of experts. There
are many cases numerically, although
they form a small proportion of all,
which occur on the surface, can
readily be recognized and can be suc-
cessfully treated by every surgeon
or radiotherapist. It is the obseure
and insidious cases, and particularly
those which involve internal struc-
tures, which call for expert treat-
ment. These happen to be the ones
which most often occur.

Some Organlzed Efforts.

The laboratory, clinic and hospital
facilities which are now available for
cancer patients are rarely adequate
in any city. Let us glance for a
moment at the efforts which are be-

ing made to supply this deﬂciency"
’ undertak

in the various parts of the world.

In France anti-cancer centres have
been established in all parts of the

country, and they now number four-"

teen. The law undér which they
function provides that each centre
shall contain facilities for treating
the sick, for conducting research,
and for the instruction of medical
students. They are all under the
control of the government and re-
ceive a part of their support from
it. Following this example, a num-
ber of other countries have also es-
tablished centres.

In England there are special cancer
hospitals, and wings and wards of
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My sister, Linda, died from ovarian cancer. The progression
was typical: surgery, chemo, remission followed by relapse
after 2 years, which was fatal. Same old story.

What happened“t the War on cancer? Where is the Victory?
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Proc. Natl Acad. Sci. USA
Vol. 79, pp. 6574-6578, November 1952

Cell Biology

Evolution of tumor cell heterogeneity during progressive growth of
individual lung metastases

(cancer /phenotypic stability)

GEORGE PoOSTE*!, JAMES TzENGT, JoHN DoLL*, RusseLL GREIG*, DaviD RIEMAN*

ABSTRACT  The metastatic properties of tumor cell clones
isolated from individual lesions of B16 melanoma metastatic to
lung have been examined at different stages in the evolution of
metastasis. Clonal analysis of metastatic lesions produced by B16
melanoma populations containing clones with identifiable, stable
drug-resistance markers revealed that the majority (=>80%) of ex-
perimental metastases produced by intravenous injection of tumor
cells are of unicellular origin. During the early stages of their
growth (<25 days after initial tumor cell arrest), the majority of
metastatic lesions contain cells with indistinguishable metastatic
phenotypes (intralesional clonal homogeneity) although different
clonally homogeneous lesions from the same host contain tumor
cells with different metastatic phenotypes (interlesional clonal het-
erogeneity). Progressive growth of metastatic lesions is accom-
panied by emergence, within originally clonally homogeneous le-
sions, of variant tumor cells with altered metastatic properties
(intralesional clonal heterogeneity). By 40-45 days after initial
arrest of injected tumor cells in the lung, 90% of the metastatic
lesions are populated by cells with l\eterogamous metastatic phe-

notypes.

, AND IRVING ZEIDMANT
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The genome in cancer cells undergoes
rapid evolution under conditions of high
stress.

Sequencing is hopelessly specific for
mapping these rapid and large scale
genomic rearrangements, and present
techniques cannot map single cells
rapidly and with high spatial resolution.




2) Troubles with present technologies




NANOPORES

The art of sucking spaghet

Biomolecules are notorious for their unpredictable flexibility.
Some of the smallest nanopores ever created are being
used to manipulate individual DNA molecules, with far-from

simple results.
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A very important concept here: the persistence
length "p" of a flexible polymer. Basically, it is a
measure of how far you move along an arc before
thermal energy bends the polymer randomly.

t(s)

1(0) movie :wayne

<t(0) t(s)> = exp(-s/p) p = 600 Angstroms =
200 bp (double-strand DNA)
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Dekker et al. Notice the magic.
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3) The advantages of nanochannels for
large scale genomic length mapping




Imprinted Etched
Mold Channel Channel
Xx =0 mm 17 nm 17 nm 18 nm
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\
1.5 cm long nanofluidic
channel pattern

Single Sub-20 nm Wide,
Centimeter-Long Nanofluidic Channel
Fabricated by Novel Nanoimprint Mold
Fabrication and Direct Imprinting

Xiaogan Liang,'! Keith J. Morton,' Robert H. Austin® and Stephen Y. Chou*!
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Here’s an interesting polywmer problem: what happens
when you put a long polymer of persistence length pin a
nanochannel? Lot’s of surprises.

Suppose the channel is say 200 nm wide, and the polymer
has a persistence length of 90 nm. The diameter of the
dsPNA wolecule is only about 2 nm, so most of the volume
of the channel is water, since the diameter of the polymer
is much less than the persistence length or the channel
dimension.

You wight think that the self-avoiding random walk
would be an unnecessary complication.




If the polymer has contour length L, the end-end
length in a tube of diameter D for a polymer of width
W is:

1/3
L — , (pw)

The entropic spring constant k of this confined polywer is:

L SksT [ 1 11/
4 L |pwD
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Restriction mapping of PNA with endonucleases is a central
method of modern wolecular biology. 1t is based on the
measurewment of fragment lengths after digestion, while possibly
maintaining the respective order.

Robert Riehn decided that perhaps we could bring restriction
enzywmes into these nanochannels and cut genomic length PNA
molecules at precise sites. Since we would observe the cutting
directly, there would be no scrambling of the order of the cut sites,
land sg we could do a direct physical map of a PNA of genomic
ength.

This has been a hard road to go down!
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4) Beyond optics: electronic detection




Central idea; combine nanochannel
elongation with “electronic” detection
of the charged DNA molecule, either
by nanoelectrodes directly put into
nanochannels or via hanpores serially
connected with nanochannel.




Some warnings:

1) Debye length (shielding of charged
phosphate groups by saline counter-ions
is quite small (nm or less), creates charge
double-layer.

I ce k'l
Ko e233;c5° 27

()




2) Water is a very wide band-gap
semiconductor, “conduction” is via
electrochemical ion neutralization

(something the cold-fusion people have trouble

with | think)

s0: impedance is strictly capacitively coupled
through the double-layer unless electrode
potential reaches hydrolysis potential.




3) On-chip electronics (MOSFET?) probably
needed for signal amplification/filtering/
multiplexing cannot withstand high
temperature processing/high field sealing
technologies, we need to develop “soft”
nanochannel techniques.




One of my Princeton colleagues jumped the gun on this [ think:
X.Lliang and S. Y. Chou, Nanogap detector inside nano-

fuidic channel for fast real-time label-free DNA analysis,
Nano Lett., vol. &, pp. 14721476, 2008

Nanochannel

Nanowire
s Electrodes

Nanogap
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Our attempt to make an AC-coupled
conformal system with low
temperature processing for on-chip
electronics.




e roses—— 1) Electron-beam
] lithography (EBL) to

S —————————————— 1 B " | L L

l make nanoelectrodes
./M IMZ) EBL to make sacrificial
PMMA nanochannels
|
3) parylene-C to make
_ conformal coating of
I PMMA nanochannels.
|

4) Sacrificial removal of
PMMA
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22 pairs of nanoelectrodes alonga 12 mm
long nanochannel




10 nm of Si02 to make hydrophyllic
surface, wet easily (100 nm wide
nanochannels)
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parylene C autofluorescence precludes
single-molecule detection optically.




(A)

Sync o Sig Ref In

Out 5|g In

e' : w Lock-in Amplifier fm= PC

Ground

(B) " External Electrodes —~ =

p-Si

1) Nanoelectrodes fabricated on 100 nm of
3i02 grown on p-doped Si wafer for
ultimate FET operatation.

2) 10 mV RMS drive, no DC bias.
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Surprisingly, we understand some aspects
of this complex circuit pretty well.
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Longitudinal Impredance (like a nanopore).




Fits to bulk water (just stick two gold wires 12
mm apart into buffer) give good numbers for

Co. (10 uk/ecm?) and
conductivity of saline buffer (200 1/ohm-cm).

Fits to nanochannel give conductivity of water
in 100 nm nanochannel TOO I-IIGI-I by about 4
orders of magnitude!

1DQP

1[}?'

Big mystery right
now.
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Transverse impedance measurements between
nanoelectrodes more complex because
electrodes couple capacitively into p-dope Si

wafer substrate of rather low resistivity of
about 10 0'.","'.‘.‘%!9.

OHMS

HERTZ




1) Water barely visible in terms of impedance
change compared to dry electrode because
of capacitive coupling to substrate.

2) Still get impedance of solvent far too small
by about 4 orders of magnitude.

3) DNA detection electronically with high
speed HOPELESS with this configuration!

Mothers:; don’t let your children try to
electronically detect DNA!




9. Quo vadis?




1) | think we have to construct
nanochannels in front of nanopores
in order to wring out the entropy
and get control of the molecule
pasing by the nanopove.




2) AC-couple transverse nanoelectrodes

Mariija Drndic, U Penn Physics: transverse
nanoelectrodes

Supporting membrane

Transverse electrodes

Figure 0. Diagram of a transverse electrode

configuration, where both electrodes are positioned on
the same membrane surface to sense across the pore

aperture, intended to allow new sensing strategies such
as measurement of tunneling current through

translocating DNA molecules.
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3) On-chip MOSFET amplifiers to locally
amplify up expected tiny signals at the pA
level at the MHz bandwidths.

Ken Sheppard, EE, Columbia University
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We'll get there!

Thanks!




