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Breast Cancer Patients: Substance in Blood Causing
Acceleration of Erythrocyte Sedimentation Rate

Abstract. The frequency distribution curve of the erythrocyte sedimentation rates ob-
tained from a population of 3523 normal females was compared with the distribution
Sfound in 544 patients with benign breast disease and that for 385 patients with carcinoma
of the breast. No significant difference was found between the normal female population
and patients with benign lesions of the breast. This was in contrast to the distorted distri-
bution curve of erythrocyte sedimentation rates exhibited by the population of patients
having malignant breast lesions. An unknown substance present in the blood plasma of
the cancer patients appears to be responsible for the abnormal sedimentation rate phe-

nomenon.

This report describes the presence of an
unknown substance in the blood of patients
with breast cancer that is not exhibited by
large populations of either normal females
or patients with a variety of benign breast
lesions. The existence of this component is
inferred and detected through its influence
in causing a significant acceleration in the
erythrocyte sedimentation rate (ESR) of
specific cancer patients. The ESR differ-
ences were established through a com-
parison of the frequency distribution of
ESR data obtained from several thousand
individuals.

The data of this report are not offered in
their present form for clinical application
to either diagnosis or prognosis of mam-
mary carcinoma. Of more relevance to the
cancer process are the physiological impli-
cations of an unknown substance in the
plasma of patients having early malignant
breast lesions. Inasmuch as this substance
was not detected in a population of
patients having benign breast nodules that
were clinically indistinguishable from the
malignant lesions, its characterization is
pertinent in furthering an understanding of
specific physiological aspects of neoplasia.

Double-blind ESR tests were run on
large populations of normal females and
various patients examined in a cancer clin-
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ic (1). Most of those exhibiting breast nod-
ules and other suspected malignant lesions
were admitted to the hospital for further
tests and possible surgery. Reported here
are the analyses of the comparative ESR
findings for the patients that were diag-
nosed following biopsy or surgery as hav-
ing either benign or malignant breast le-
sions. The generous size of both the normal
and patient populations examined per-
mitted the resulting data to be analyzed as
ESR frequency distribution curves of the
normal and disease categories rather than
as simple averages of the individual values
found in each patient group. This type of
analysis provides a more sensitive and reli-
able basis for detecting significant ESR
differences between sizable populations.
The ESR baseline data for normal fe-
males were obtained from a population of
presumed healthy women who voluntarily
submitted themselves for a standard physi-
cal and hematological examination at a
cancer detection clinic (/). This “normal”
ESR distribution curve was derived from a
population of 3523 women of various ages,
and is depicted by the shaded areas in Figs.
1 and 2. The only consecutive blood sam-
ples that were not included in the composi-
tion of this “normal” curve were those
from the small number of individuals

whose examination revealed a suspected
malignancy or other serious pathologies,
and who thus were referred to the hospital
for further examination. Such sample dis-
cards represented less than 1 percent of the
women examined (7).

The two shaded areas of Figs. 1 and 2
show the relatively minor differences in the
distribution of ESR values with and with-
out hematocrit correction. The theoretical
purpose of such correction of the observed
ESR rate lies in the potential influence of
the blood hematocrit, or percentage of
packed erythrocytes, upon the sedimenta-
tion rate of the red blood cells. All other
factors being equal, the higher the per-
centage of erythrocytes in the blood, the
slower the ESR. With conspicuous anemia
the ESR thus tends to be faster, while it is
slower in patients with polycythemia. Cor-
rection of the observed ESR for hemato-
crit differences therefore tends to nullify
this variable, yielding ESR values that are
unaffected by alterations in blood viscosity
and related physical factors associated
with tendencies toward polycythemia or
anemia (2).

It follows that if there were a systematic
difference in the hematocrits of any of the
normal or patient populations tested, its
effect would be exhibited in the uncor-
rected ESR curves and remedied in the
corrected ESR values. This is not a signifi-
cant factor in any of the groups examined
(Figs. 1 and 2), and the accelerated ESR
values observed in the patients with malig-
nant breast lesions cannot therefore be as-
cribed to anemia or other systematic he-
matocrit alterations (3).

The similarity of the distribution of both
the corrected and uncorrected ESR values
of women having benign breast lesions to
those of women in the normal population
is shown in Fig. 1. The benign lesions were
detected by clinical examination and could
not be distinguished with certainty, at that
point, from carcinoma. The final diagnosis
was established by surgical removal or
biopsy of the lesion or nodule and micro-
scopic examination by experienced pathol-
ogists (4). The following breast lesions
were among those diagnosed as benign:
cysts, abscesses, mastitis, duct papilloma,
fibroadenoma, fat necrosis, lipoma, and fi-
brocystic tumors. Patients with these con-
ditions were combined to produce the ESR
frequency distribution curve in Fig. 1.

The ESR data obtained from the
patients who were subsequently shown to
have some variety of breast carcinoma are
depicted in Fig. 2. There was a significant
shift in the ESR values to the right of the
normal distribution curve, which demon-
strates that a sizable percentage of the
patients with mammary carcinoma had
higher ESR values. These differences are
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Fig. 1. Similarity of the frequency distribution
of erythrocyte sedimentation rates (ESR) of 544
patients with benign breast lesions, as compared
with a population of 3523 normal females. The
shaded areas represent the normal population
while the connected points show the ESR distri-
bution found in patients with benign breast le-
sions. The area depicted by the diagonal lines
represents the frequency distribution of the raw
ESR data of the normal population without any
correction for the individual hematocrit values,
while the shaded area shows the minimal con-
sequences of correcting the ESR values for the
minor hematocrit fluctuations observed with
normal females. The connected open circles rep-
resent the uncorrected values, while the closed
circles are corrected ESR values for patients
with benign breast lesions.

highly significant (P < .001). A double
peaking of this distribution curve was seen
in both the corrected and uncorrected ESR
data. The significance of this bimodal dis-
tribution is not known, although it is
tempting to speculate that the two peaks
represent either separate stages, or sepa-
rate categories, of malignant breast dis-
ease, such as pre- and postmenopausal
varieties.

These data were obtained from un-
treated patients, and the ESR values were
determined from blood samples taken dur-
ing the initial clinical examination (/). As
with the benign lesion group, the cancer
patients were treated surgically, and their
diagnoses established by standard patho-
logical analysis of submitted breast tissue
and adjacent nodes (4).

Although it is not possible to establish
how long, on the average, the breast
cancers had been present at the time the
blood samples were obtained, in general
these patients had early disease, since they
had reported to the clinic individually or
had been referred by a physician following
the initial discovery of a breast nodule.
Correlation studies on the abnormal seg-
ment of the ESR population with the size
of the primary nodules, or the number of
positive lymph nodes, have not been
undertaken.

Determination of ESR’s has been useful
in the diagnosis and monitoring of some
pathological conditions such as rheumatic
fever and tuberculosis; however, when
ESR tests have been applied to cancer
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patients in general, the variabilities ob-
served have usually been more confusing
than helpful (5). However, when a large
population of patients with a specific type
of cancer is compared with adequate popu-
lations of healthy individuals and patients
having comparable benign conditions, a
more quantitative analysis is possible by
utilizing ESR frequency distribution
curves. The results of such analyses are
more easily interpreted. This is particular-
ly obvious when specific neoplastic dis-
eases are examined rather than cancer in
general.

There are also substances in the blood of
patients with a variety of nonneoplastic
diseases that are capable of altering ESR
behavior (). However, it has not been
firmly established whether any common
factors are involved or whether there is a
wide assortment of specific metabolic
products or abnormal proteins, differing in
each disease, that are capable of altering
the erythrocyte sedimentation rate. In view
of the incomplete knowledge concerning
the mechanisms involved in the alteration
of ESR, it would be useful to know the na-
ture of the individual factors associated
with each neoplastic disease, as well as
those associated with tuberculosis, rheu-
matic fever, pregnancy, and other non-
malignant conditions.

Alterations of plasma protein species in
malignancy have been studied by many in-
vestigators. Among the various blood
changes, increases in plasma fibrinogen
were found to occur in a significant num-
ber of cancer cases (6). A high percentage
of plasma fibrin has also been found in
conditions in which foreign proteins enter
the blood stream, such as cancer and a va-
riety of other diseases, including infections
(6). Thus, the question arises as to whether
the ESR is altered because of specific for-
eign proteins produced by the malignan-
cies, or by a secondary accumulation of
fibrin or fibrinogen. Both categories of sub-
stances are capable of increasing ESR. Of
possible relevance is the reported presence
of glycoproteins of high molecular weight
on the surface of mammary carcinoma
cells, which may be released into the circu-
lation. Possible correlation between this
shedding process and tumor metastases
has been suggested (7). Since similar mole-
cules are capable of enhancing ESR, these
separate observations may be related.
Whatever may be responsible, the data re-
ported here establish that in the case of
breast lesions, ESR enhancement occurs in
association with malignancy but not in
analogous benign conditions.

In the case of cancer, it would be in-
structive to characterize and compare the
low and high ESR plasmas by using acryl-
amide gel electrophoresis or other sensitive
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Fig. 2. Demonstration of the significant shift to-
ward higher values of the ESR of a population
of 385 patients with malignant lesions of the
breast, as compared with a population of 3523
normal females. Hematocrit-corrected and un-
corrected ESR values are plotted to demon-
strate that the ESR alterations observed in the
cancer patients cannot be ascribed to anemia or
other systematic alterations in the blood hema-
tocrits or to erythrocyte concentrations. The
shaded and lined areas represent the hematocrit-
corrected and uncorrected normal population
distribution as described in Fig. 1. The closed
and open circles depict the corrected and uncor-
rected ESR frequency distributions of the blood
samples from the patients with breast cancer.

procedures in an effort to isolate the
plasma components associated with high
sedimentation rates. It has been shown, for
example, that the acrylamide disc patterns
obtained with plasma from patients with
various cancer types differ from each other
and from the plasma patterns of normal
individuals (8). The reintroduction of such
isolated materials into normal blood sam-
ples, with a concomitant induction of ele-
vated ESR, would remove much of the
mystery that presently surrounds ESR
phenomena in the disease process.

These ESR data (i) establish the pres-
ence of either an abnormal substance, or
possibly an abnormal concentration of
some normal component, in the blood of a
significant number of breast cancer
patients; and (ii) indicate that this sub-
stance or condition is not demonstrable in
a large population of normal females or,
more provocatively, in a large population
of patients with benign breast lesions. Ad-
ditional clues for rational approaches to
cancer therapy or diagnosis might be
found if the relationship of the enhanced
erythrocyte sedimentation phenomenon to
neoplasia were clarified.

VERNON RILEY
Pacific Northwest Research Foundation
and Fred Hutchinson Cancer Research
Center, Seattle, Washington 98104
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Microtubule Assembly and the Intracellular Transport of

Secretory Granules in Pancreatic Islets

Abstract. Polymerized and depolymerized tubulin were measured in pancreatic islets
under various physiological and pharmacological conditions. Variations in insulin release
from islets of fed or fasted rats were accompanied by concomitant changes in tubulin po-
lymerization. Glucose induced the formation of microtubules in vitro independent of ex-
tracellular calcium. Total and polymerized tubulin content were decreased by fasting and

restored by glucose feeding.

Microtubules have been implicated in
various secretory processes occurring via
exocytosis (/, 2), but the mechanism of
their involvement remains obscure. Most
of these reports are based on the observa-
tion that agents which disrupt the micro-
tubules, such as colchicine and vinblastine,
inhibit the specific secretory activity under
study. On the basis of the observation that
colchicine inhibits the second phase of glu-
cose-induced insulin release, Lacy pro-
posed that the vectorial transport of insulin
granules to the cell membrane occurs
along a microtubular-microfilamentous
network (/, 3). In analogy to other micro-
tubule-dependent movements (4), it seemed
possible that the second and sustained

Fig. 1. Total tubulin (open columns) and po-
lymerized tubulin (closed columns), measured in
islets from fed, 72-hour fasted and dextrose fed
rats. The degree of tubulin polymerization (per-
cent PT) represents polymerized tubulin (SN-
2)/total tubulin (SN-1 + SN-2). All values rep-
resent means + the standard error of the mean;
the significance of differences was measured by
Student’s z-test.
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phase of insulin secretion may be regu-
lated, at least in part, by the degree of
tubulin polymerization. To test this possi-
bility, a method has been developed in our
laboratory to measure the cellular pools of
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polymerized (that is, microtubules) and
depolymerized tubulin (5). The sensitivity
of this technique permits measurement of
as little as 40 ng of tubulin, an amount
present in about ten isolated rat islets.

After isolation (6) or incubation under
varying experimental conditions, 200 rat
islets were homogenized in 125 ul of a mi-
crotubule-stabilizing solution (MTS) (7)
and centrifuged at 8500g for 10 minutes at
room temperature. Depolymerized tubulin
was assayed in duplicate 25- ul portions of
the supernatant fraction (SN-1) by a modi-
fication of a previously described colchi-
cine binding assay (8) with 0.12 nmole of
colchicine containing 5 nc of *H-labeled
colchicine and incubating for 150 minutes
at 37°C. The pellet (PP-1), containing the
precipitated microtubules, was resus-
pended in 75 ul of ice-cold microtubule
depolymerizing solution (TS) (7), and cen-
trifuged at 8500g for 10 minutes at 4°C;
and the tubulin activity was assayed in du-
plicate in the resultant supernatant frac-
tion (SN-2). Colchicine binding activity
was found exclusively in SN-1 and SN-2
and coeluted with '?>’I-labeled tubulin (9)
on a Bio-Gel A-5m column. No detectable
colchicine binding activity was observed in
the second precipitate (PP-2) when resus-
pended in 75 ul of TS. Furthermore, when
sections of PP-1 and PP-2 were examined
by electron microscopy, microtubules were
readily apparent in PP-1, and disappeared
completely after exposure to the TS solu-
tion. When islets were exposed to 4°C for
20 iinutes prior to homogenization in
MTS, colchicine binding activity of SN-1
was significantly increased and that of
SN-2 was decreased, an indication of the
lability of islet microtubules at low temp-
erature comparable to that reported in
other systems (10).

The total tubulin content of islets ob-
tained from fed rats averaged 295.3 + 19.5
ng of tubulin per 100 islets of which
35.2 &+ 1.3 percent (104.16 + 3.85 ng per
100 islets) was in the polymerized form
(Fig. 1). In rats fasted for 72 hours, total
tubulin  decreased about 27 percent
(217 + 13 ng per 100 islets; P < .02), and
polymerized tubulin decreased to an even
greater extent (64.55 = 3.74 ng per 100 is-
lets; P < .01). When rats were maintained
exclusively on a solution of 30 percent dex-
trose drinking water in 0.2 percent saline,
total tubulin increased slightly but not sig-
nificantly, whereas polymerized tubulin
increased approximately 70  percent
(175.82 = 11.39 ng per 100 islets; P <
.001). These changes in microtubule con-
tent parallel comparable alterations in
the insulin secretory response to glucose
observed either in vivo or with isolated rat
islets under similar conditions (11, 12).

To determine the role of glucose in mod-
ulating the polymerization of tubulin, islets
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