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INTRCDUCTICN

The increased interest in the vproblem of malignancy
on the part of both the layman zrd the scientiét in re-
cent years 1s zpparent dailly. The layman is s aware as
the scientist that the largest single obstacle thwarting
the scientist's attemvt to defeat cancer is the vroblem
of diagnosis, varticularly early diagnosis. For many
years simple and vainless dlagnostic methods have been
develoved and tested, but none hasg been all-encompassing
nor foolovroof. Quite accurate and usable tests have been
developed for gvnecific tyves of carcinoma, but no single
test for cancer of all types has been found. The purpose
of the work revorted in this vaper was to determine the
value of a test which might vossibly be of the latter
type. The value of a test for cancer nresent in any
orzan of the body 2nd of any histological tyve 1s appar-
ent to anyone having any knowledge of the problem of
cancer.

The test to be vresented in this vaver is a sero-
logical test. To furnish a background for this presen-
tation a brief historical review of serological tests
for malignancy may be considerea. Serodiagnostic tests
fall roughly into three categories, and, to keep some
order, the tests will be divided into these categories,

nanely: (1) enzymic reactions, (2) imrmunological re-



actions, (3) comvarative concentrations of gerological
constituents or physicochemical characteristics of these

constituents.

(1) Enzymic reactions:

Probably the first test of this type was reported
by Freund aﬁd Kaminer in 1510, They felt that serum
from normal vatients caused a lysis of carcinoma cells
which was greater than the lysis ovroduced by serum from
carcinoma patients.

Shaw-McKenzie (1G14) revorted that normal serum
augmented the actlon of pancreatic lipase and, 1ncident-
ally, found that serum from carcinoma patlients showed a
lessened tendency in this direction.

Aberhalden (1922) vostulated the existence in serum
of specific vroteoclytic enzymes for specific carcinovas,
as well as for other foreign proteins.

Fuchs (1626), using a different enzymatic approach,
stated that serum from cancer patients hydrolyzed fibrin
from normal blood but not fibrin from the blood of cancer
victims. Conversely, he revorted that serum from normal
vatients hydrolyzed fibrin of cancer blood but not that
of normal blood.

Bernhard (1933) revorted a finding similar to Shaw-

McKenzie's, saying that he found an increase in a lipase



action of serum from cancer patients,

(2) Immunological reactions:

Brieger and Trebbing (1908) revorted that thelir
work indicated antitrypsin factors in carcinoma serum.

Hirszfield, et al, (1%29) attempted to demonstrate
a gvrecific immune reaction using hydrolysates of tumor
tlssue as an antigen. Mann and Welker used the same
tyve of antizen in 1940, Lehmann-Facius (1932) improved
uvon this type of reaction by using a vhosvhatide fraction
ags an antigzen. The fraction was obtained by acetone
precinitation of the benzene soluble lipids in extracts
of cancer tissue. This antiqen showed rather marked
gpecificity for cancer sgerunm.

Hirszfield, et al, Reichner (1933) and Witebsky
and ¥Yorelli (1833), while not able to show specific im-
mune resctions, could demonsgtrate some degree of gpeci-
ficity by absorbing out common tissue factors. Kidd and
Friedewsld (1942) used ovurified vrotein fractions of

tunor tissue as an antigen.

(3) BSerological constituents:
Kahn (1923) found that serum from cancer vatients
flocculated in glycerin at low dilution when sodium oleate

was added.



Ascoll and Izar (1%10) added a 104 solution of ri-
cinoleic acid in methyl alcohol, plus normal saline to
gerun. They felt that cancer serum showed a heavy floc-
culation, while normal serum showed only a slight opal-
escence.

Roffo in 1925 ceveloped a rather simple test in
which he aaded 1% neutrzl red to sera, a red color being
vogitive fcr rallsnancy, while a yellow hue was negative.

3tsriin-er and #.uznas (1s2%) de-onstrated 2 rise
in the fibrinozsen level of serum in cancer.

Frobably the most valuable of the tests of this
class,anda the most widely used, are based on the work of
Kay (1$29) in which he found an increase in serum alkal-
ine phosphataée in hy?erplastic bone disease and the
work of Gutman and Zutman (1938) wherein they demonstra-
ted the presence of serum acid vhosvhatase in metastatic
carcinoma of the vprostate.

Noel (1¢31) revorted an increased sanonification and
acid number of the fats in cancer sera.

Several tests have been developed which depend upon
a precivitation reaction by various reagents. Bendien
(1931) used sodium vanadate and acetic acid, and the
degree of vrecipitation was important; Wigand (1926)
used tannlc acid and carbol fuchsin as precipitants, ob-

taining preciritation in twenty-four hours in certain



dilutions of carcinoma serum; Lowe (193%33) used sodium
vanadate on one specimen of serum, sodium vanadate plus
56° ¢ on another, and ether extracted still another spec-
imen before reaction, thereby obtaining a ratio of pre-
cinitation as a basis for diagnosis; Vernes (1$32) pre-
cipltated serum v»roteing by increasing amounts of cal-
clum acetate, establighing a turbidometric curve with
specific variations found in serum taken from carcinoma
patients. Botelho (1926) observed that citric acid en-
abled the iodine in potassium ilodide to precinitate pro-
teins more rezdily in cancer serum than in normal serum.
¥ondain, et al, (1%2%) modified Botelho's test somewhat.
Duris and Giquel (1924) employed simvle distilled water
as a vprecivitant, while Suranyi (1927) used both hydro-
chloric acid and a combination of acetic and sulfosali-
eylic acide. 3Sachs (1932) developed a precipitation
reaction using alcoholic lecithin as a reagent.

Kovsczewski (1934) rervorted that gelation of serum
by lactic acid was more rarid in cancer sera than in
normal sera.

Luiks (1S34) found that the potassium-magnesium
ratio of cancer serum 1s altered during‘clotting.

Brdicka (1¢33) measured serum albumin fractions by
volarogravhic wave studies and found an alteration in

carcinoms.



Winzler and Burk in 1944, Petermann and Hogness,
and Petermann and Karnofsky in 1948 revorted a mucopro-
tein in the serum of vatients wilth carcinoza of the lung
or stomach, which 1s not normally vresent.

Black (1947) revorted that the reducing power of
gerum 1s diminished in the vresence of maliznancy and
used metﬁylene blue as a rescent to show this character-
istic.

Shetlar, et al, (194S) found that a certain serum
nolysaccharide which is associated with serum protein
gshows a higher level in the serum of vatients with car-
cinoma than in normal individuals,

In the sare year Huggins, et al, aroused consider-
able interest when they rerorted that an alteration in
serum albumlin where cancer is present causes a lessened
thermal coagulation of serum and, moreover, that the
amount of iodo-acetate necessary to inhibit this coagu-
lation is lesgssened. This fact was assured to be due to
a diminution in serum albumin.

Herly (1$50) rerorted that cancer sera transmit
more lizht and fluorescence than normal sera when exposed

to ultraviolet light.



Naldvorel and 3chmitt (1950) found that the anti-

trypnsin titer of rat serum was increased in malignancy.

THE ALBUMIN-3 TEST

The test presented in this vaper was reported orig-
inally by Kahn in 1624, A portion of the serum albumin
referred to as the hydrovhile fraction, or albumin-A, was
extracted with ammonium sulrhate and measured. He found
this rortion to be much reduced in cancer. He also ais-
covered that a high concentration of this zlbumin was
cresent in tusor Ltissue, Hanxe, et ai, reirerrca vo tne
aiounin-3 irsction of serum in 1944, Tunis substance
corres~cnced to the previously mentioned albumin-A,
Albumin-3 was defined in this revort as "that fraction
of serum vrotein which remains dissolved at 41.5 gmk.
Ammonium sulvhate, at vH 6.8, in a 1;230 dilution of
serum. In human cancer zlbunin-S values are decreased
to less than half, even when total zlbumin is normal
or three-fourths normal." In this savwe paper, further-
more, it was stated that bile aclids possess the ability
to decrease this soluble a2lbunin fraction alone. A sub-
stance extrscted from urine showed this same power, and

since this urinary constituent is elevated in the vres-

ence of malignancy, i1t was vostulated that this substance



(a non-savonifiable benzene soluble extract) was resvon-
sible for the finding of a lowered albumin-S fraction in

cancer.

Since the first scattered revorts on the albumin-S
test some changes in technique and material have come about,
however the princivle of the test remains the same.
Albumin-5 1s the most soluble fraction of serum albumin
and 1s now known to constitute three to fifteen per cent
of the total 2lbumin of normal serum. It is now felt
that in cancer the albumin-3 value ranges from one-half

to two-thirds of normal.

THz EJTIWATION OF ALBUVIN-5 IN SERUM

A great variety of procedures have been used for
the measurement of albumin-3, which differ chiefly in
three respects: (1) the nature of the vrotein-precipi-
tating or extractipg solution, (2) the experimental con-
ditions of time, terverature and humidity, under which
the fractional precinitation or extraction takes »lace,
and (3) the manner of sevarating solid and liquid phases,
that is by flltration or by vaper extraction. These meth-
ods all have three things in common: (1) they measure
a srall frsction (3 to 15%) of the albumin of normal

serum, (2) they usually distinguish normal from cancer



gera, and (3) in the conditions under which albumin-S

is measured, there is a gtep that ig a range in the con-
centration of the precivitating (or extracting) solution
through which there is no sisznificant chanse 1n the
measured amount of albumin-S. At all other concentra-
tions of the orecivitating (or extracting) solution, a
gmall chanze in its concentration causes a marked change
in the amount of protein which is vrecipitated (or ex-
tracted); but at 2 certain concentration of precivoitating
(or extracting) solution, the one used in the analytical
procedure, a significant change in the concentration of
the precipitating (or extracting) solution causes no
change 1n the distribution between so0lid and dissolved
vrotein,

In the method here described, 0.1 ml serum is vlaced
on a strip of filter vavsr, and after a certain tine,
during which the serum vroteins become fixed onto the
paper, the vaver is‘immersed for one hour in 38% amuonium
sulfate solution at oH 6.8. The concentration of ammon-
lum sulfate and the duration of extraction are so chosen
that a small fraction of the albumin, called albumin-3S,
vagsses into solution, while the rest of the albumin and
the globulin remain on the paper. After removal of the

vaver, the concentration of »rotein in the arronium sul-



fate solution 1s deterzined by vhotoelectric measure-
ment of the turbidity which is forned on heating in a
b~iling water bath,

There are two methods of handling the filter vaper
in the »nrocedure. The simpler method consists merely of
a five minute drying in alir after the serum has been
aprlied to the filter naper and before immerslion in the
reagent., The second method involves a humidification of
the filter vaper since humidity arvnears to have some
effect. The series vresented in this work was done by
a mixture of the twe methozs, with the first method
givirg a better vercentage of usable results. The
second method could not be used on humid days. The des-
crivntion following 1is concernsd with the humidifying
method of handlinz the paver, since it i1is the only one
of the two that reguires exnlanation. 1In a’l other
regpects, exclusive of the handling of the filter paper
before immersion, the two methods are identical.

Prevaration of filter vpaver: 3chleicher and 5Schull

#5¢5 filter vaper is cut into strivs 12 x 100 mm. A hole
6 mr. in diameter is onunched with its center about 6 mm.
from one end. If the method utilizing humidifying con-
ditions 1s used, the following further treatment is
followed. A grouv of 50 or more such vapers is suspended

by this hole from a glass or rust-proof metal hook, at-
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tached to the lower surface of a rubber stovver, which

in turn fits into 2 storage bottle, or flasx, contalning
a 1l to 2 en. layer of water, so that the lower end of the
vaper hangs about 2 cm. abtove the surface of the water,
It is imvortant that no liquid ever touch the paper.
Since water usually condenses on the walls of the con-
tainer, it is imwortant that the pavers do not come in
contact wlth these walls. The rapers should not be
nacked too tichtly in order that water vavor may circu-
late among the paperé. The papers are thus stored over
water for at least twelve hours. As described later, 1in
order to insure complete saturation with water vapor,
immedistely beflfore the serum is measured onto the paper,
each varer 1s suspended singly for at least five minutes
in a contaziner saturated with water vavor. The humidl-
ficztion of the vaver thus involves two steps: a pre-
liminary exrosure to saturated water vavor of a group of
papers for at least twelve hours anc a final exrvosure
sinzly for at least filve minutes.

Prevaration of 38.0g% (NH4)2304, 0.01 M amzonium

phogsvhate oH 6.8: Weigh out 760 gm. ammonium sulfate in a

liter beaker and transfer with the z2id of about 16C0 ml

e

water to a 2 liter volumetric flask. Add 9 zl 85% Hz P04,

16.3 M, (corvmercial concentrated orthonhosvhoric acid)




measgured accurately with a »ivette, rinse any concentra-
ted H3P04 frcm the neck of the flagsk with a little water
and add 20 ml concentrated NHAOH (about 18 M). Direct
contact of the concentrated H3P04 and concentrated NH,OH
should be avoided because of the violent spattering and
evolution of heat. Dilute to the mark, mix, and note that
8ll the ammonium sulfate has passed into solution. Ad-
Just to 20°, dilute to the mark again if necessary, and
mix azain, A slight turbidity, if present, may be re-
moved by filtration.

Measure the pH with a glass electrode. If 1t is not
between 6.6 and 7.0, add minute amounts of concentrated
NH4OH or concentrated HpSO, until 1t is 6.8 £ 0.2. Since
the buffer index is about 0.04, 0.2 ml concentrated Hp304
(36 M) or 0.4 ml concentrated NH,OH added to 2 liters will
cause about 0.1 pH chanze., On exrosure to air the solu-
tion gredually loses ammonia and thus becomesg more acid,
therefore i1t should be stored in 2 bottle with a tightly
fitting rubter stopver. A variation of 0.1 pH causes a
chanze of about 0.2 scale civisions in the photoelectric
reading.

In order to check the concentration of ammonium sul-
fate measure accurately 5 ml portions of the sclution

Into 30 ml beakers weighed to 0.1 mg. Evaporate gently

-12-



at 90 to 100° to avoid spattering and, finally, heat

in an oven at 110° for two days. The net welght should
be 1.940 g £ 5 mg. (1.900 g (NH4)2564 and 0.040 g
NH4HoPO,). If the concentration is not correct to 0.1%,
the solution should be aporooriately diluted by addition
of water, or concentrated by the addition of solid (NHy)
2804, to make it correct.

Arranzement of bottles saturated with water vapor:

Twelve 500 ml wide-mouth bottles{or Erlenmeyer flasks)
are fitted with rubber stoponers into the midﬁle of the
underside of wnich is inserted a glass or rust-proof
metal hook, from which one of the filter paper strips"
can be susﬁénded. About 50 ml water are added to give
a layer 1 or 2 cm. deep. The bottles are arranged ln
three rows of four each.

Procedure: . Measure accurately 20 ml of the 38.0 g%
(NH,),80, solution into each of a series of numbered teét
tubes, of 16 mm. internal diameter. ‘Since duvlicates are
run on a'l sera, the number of tubes of (NH,),SCy4 sqluﬁion
wlll be twice the number of sera to be analyzed.

Transfer single gtrivs of fllter paper from the
storaze bottle into each of the twelve containers satur-
ated with water vapor. Fill a 0.1 ml pipette (with a fine

tip to insure precise volumetric measurement) and adjust

-1%-




the meniscus to the upper mark. Take one of the paperé
which has previously been susgvended singly for at least
five minutes in 2 humid contziner and at once measure

the 0.1 ml. serum onto the paper in the course of twenty
to forty seconds while spreading the serum over a length
of 70 mm. of the vaver, starting about 15 mm. from the
end with the hole (wheré the paper is held) and ending
about 15 mm. from the lower end. Transfer the paper back
to the humid container, taking care to avoid contact of
the paver and the wallg of the container. Continue with
another vaper and serum samvnle until two rows (a total
of 8) are measured. Remove each of the first‘four vapers
from the humid Yottles and immerse at once in the approp-
riately numbered tube of ammonium sulfate solution. Note
the'time 8o that the duration of immersion can be con-
trolled to be 60 £ 2 minutes.

Revlace the single mevers in the first row of four
humid containers by transfer from the stock bottle and
continue with the measurerent of gerum onto the papers
in trhe third row. Next, transfer the vapers from the
second row to the annrovriate ammonium sulfate tubes and
rerlace with new vapers from the stock bottle. Measure
serum onto the papers in the first row, followed by trans-
fer of the vavers in the third row into their appropriate

tubes containing ammonium sulfate solution. The manip-
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ulation of each row requires about five or aix minutes,
four minutes for the serum measurements and one or two
minutes for the two kinds of paper transfers from the
four humid containers to the corresgvonding ammonium
sulfate tubes and later renlacewent of the paper in these
humid containers from th= stock bottle which holds the
large sunvly of vavers. This schedule automatically
insures that each naver will be exvosed singly to the
hunid stmosphere at least five minutes before the serum
is measured and at least another five minutes after the
gerur 1s measured. Prolonging these times of exposure
to ten or fifteen minutes, or even to an hour, causes
no significant difference in the result.

When the time of imtersion of any vaper is 60 £
2 minutes, remove the paper with the hooked end of a small
glass rod. Accordlng to the schedule previously outlined
for the measurement of the serum four papers will be
transferred to the (NH4)2SO4 solution‘tubes in the course
of one or two minutes once every five or six minutes,
and just an hour later these paverswill be removed. If
this schedule 1s adhered to, the timing of the removal
of the papers will be facilitated, but any longer time
gchedule of serum measurerent or exvosure in the humid
containers may be adovpted, so long as the duration of

extraction in the ammonium sulfate solution 1s kept at
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sixty minutes. Collect a group of tubes containing the
clear awmonium sulfate solution extracts in a wire rack
and vlace in a boiling water bath for three to five |
minutes. If the water is not actively boiling, the ap-
parent turbidity as measured in the photoelectric color-
imeter will be too great. Since the immersion of the
cold tubes usuzally stops the boiling, it is important,
in order to lnsure uniformity, that the water be actively
boiling with the tubes immersed for one-half to three
minutes.

Rerwove the tubes from the boiling bath and allow
to stand until cool {one-half to two hours at room temp-
erature). Then read the turbidity in a photoelectric
colorimeter ag follows: With a 420 blue filter set the
clear 33.0 g % (NH4)2804 solution at 100, note and
record the center setting. Invert each tube to Insure
uniform mixing and transfer the contents of each tube in
guccesgsion to this same colorimeter tube, after rinsing
each time with zbout two 1 nl. portions of each suspension.-

Dr. Hanke, by communication,kstates that normal serum
shows a G reading of from 88, or a net turbidity of
100-38 (12 scale divisions) to 91.5 (8.5 scale divisions).
By reference to the resultson normal sera in this series

one gees that the highest normal reading obtained was 11.5




scale divigions, and only 25% read 8.5 or ovér. it is
hig feellng that a reading of lssg than 7.5 scale divis-
ions 13 vogitive for cancer and 7.5 to 9 1s listed as
doubtful. However, in this series the majority of the
normal readings (80%) ranged from 6 upwards, so our range
of readings showed some variation from those he uses.
From these differences one might wonder 1f the normal
and malignant ranges of readings must be worked out for

each locality before tie test can be avpiled.

PATIENT TESTING AND RESULTS

Ninety-five patients were tested in this series.
It must be admitted that this series is too small to
vresent any conclusive evidence about the test, however,
limitations of time and technical difficulties preventéd
the series from being larger. Work on this project began
early in the scvring of 1651 and ran through the sumnmer.
For the ninety-five usable determinations approximately
three hundred testswere run,'the remainder belng dis-
carded due to faulty technique, control reading veering
too far from a reasonable range, all results in any one
mixed grour being very similar, etc.

The patients tested were divided into three classes:
(1) susvect, or 111 patients subsequently found to have

no demonsgtrable carcinoma, (2) controls or known normal
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versons, (3) known cancer patients, including those af-
flicted with lymvhoma. It soon bécamé avparent that
obstetrical patients tested frequently showed readings
in the malignant range, and so for ourvoses of repérting
they are classed separately. Twenty-six suspects having
such various vathology 2s hernia, appendicitis, myoma,
chronic cervicitis, uterine prolapse, urinary infection,
etc., were tested. Twenty-eight normal (or as nearly
normal as possible to tell) sera were tested. Twenty-
gseven known malignancies were checked, and these are

divided as shown in the following tables:

Skin
Lung
Breast
Brain
Stomach
Colon
Rectum
Ovary
Uterus
Cervix
Vagina
Testis
Hodgkins
Leukemia

N
oo hmwwﬂpwwuwwumm

Total
Number of Malignancies of Bach Type Studied

Table 1
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Genltal system , 1

1

Gastro-intestinal tract 5
Respirstory tract 2
Lymph A 4
Breast 2
Skin -2
1

Centrsl nervous system

Malignancies Tésted Divided as to
System Affected

Table II

Ranges of reading in the three groés categories were
quite brcad, and, consequently, the value of the test 1is
reduced. However, the grouping of readings in each |
category 1is a little better. The ranges are shown in

Table 1I1I.

Controls 0.9 - 11.5
Suspects 2 - 9
Cancer 2.4 - 9.5
Obstetrical patients 2.9 - 9.25

Range of Readings in Each Group of Patlents
Table III

The individual readings for each serum tested are
shown in Gravh I. Again, the range of results among the
cancer grouv ag compared to the gsuspect group appear dis-
heartening but with a larger series might prove more
valuable. While from this geries t.e test shows little

evidence of being valuable as a definitive diagnostiec



test, 1t might very well be useful in the future as a

‘screening test for suvposedly well individuals, since a
comvarison of results in the cancer group with those of
the control group show a sharper difference in grouping.
Elghty ver cent of the readings in the cancer group are
below a gcale reading ofb6 units, while eighty per cent
of the readings in the control group are above a scale

reading of 6 units.

P

11

10

OR- R R wi - cilisy]
o)

A

Ca.  Cont.  Susp. Ch.
Individual Readings

Graph 1
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If one exarnines the results in each type of carcinomsa,
1t 1s seen that the least satisfactory results are obtalned
in carcinoma of the cervix. Three out of the seven cases
of proven carcinoma of the cervix showed G readings of
over 6. This might have been true of some of the other
tyves of cancer had this number of each of them been
tested. However, it is well known that carcinoma of the
cervix i1s a difficult lesion to diagnose in other tests
for malignancy. One case was very heartening among the
susvects. This case was susviclious for carcinoma of the
cervix, including 2z nositive Papanicolauv smear, but
blovsy was negative, and the clinical evaluation afﬁer
all tests were comnleted was that there was no carcinoma.
The albumin-5 reading in this case was 8.2. Other cer-
vical lesions were troublesone in this series, for among
the vatients listed as susvects there were four dlagnosed
a8 chronic cervicitis and three as cervical erosidns, all
of whom showed G readings below 6,

Of the other individual types of cancer present in
vatients tested, only one case showed a G reading of over
6 (6.4), and this was in a carcinona of the rectum. Since
this is the only case of 1ts kind in the series, no con-
clusion should be drawn.

Another suspect which showed a reading in what might

be called the cancer rancge was a vatient with a neovlasm
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of the breast. Biopsy of thls leslion was revorted as‘
adenofibroma, but the dizgrosis was very guarded. The
albumin-S reading in this case was 2.25. Thils patient
wag also guspected of heving cervical carcinoma, but
definite vproof had not been obtained, BSeveral patients
of this tyre were included in the suspect gseries and

might account for some of the false positives.

SUMMARY

1. A brief review of serological tests for car—‘
cinoma is‘oresented. |

2. A description of the albumin-35 test for malig-
nancy is given entailing vrinciple, equipment and reagents
and method of performance.

3. A series of 65 patients tested by this method
is described. Patients are divided into controls (normals),
suspects (non-malignant diseace), known malignancy, and
obstetrical patients.

4, The ranze of readings in each category are given
in chart form, and the individual reading of each patient
is oresented in graoh form.

5. An analysis of the data evolved is presented.

-20-



CONCLUSION
The series described in this paper is too small to
formulate any definité conclusion concerning the value
of the albumin-S test. However, the series indlcates
that the test pay be of value as a screenling test for
sunvosedly well perscns, since 80% of the normals read
above a certain figure and 80% of the known carcinomas

read below this figsure.
The test is relatively simple to verform and would

require no great amount of training to egqulp an operator.
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