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Induction of resistance to murine tumor development is associated
with alterations in the glycosylation of blood serum proteins
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Abstract. The phenomenon of accelerated metastatic tumor
growth following the removal of the primary tumor is a major
reason for cancer relapse, caused by underlying mechanisms
that are not as yet understood. We hypothesized that a growth-
stimulating factor is produced by the tumor-bearing host.
This assumption was confirmed by an experiment involving
the removal of a primary tumor (ascitic and solid Ehrlich
carcinoma cells) from C57B1/6 mice, after which accelerated
proliferation was observed in the remaining tumor cells.
Peripheral blood leukocytes (PBLCs), spleen leukocytes
(SLCs) and peritoneal cells (PCs) were transferred from donor
animals with their tumors removed to healthy animals, along
with tumor cells. This procedure suppressed tumor growth in
20-40% of the recipient animals when PBLCs, SLCs or PCs
were collected 6-8 h after the removal of the tumor. In a second
experiment, PBLCs, SLCs or PCs were injected into the mice,
and the tumor cells were inoculated 14 days later. Resistance
to tumor development occurred within the same time frame
(6-8 h) but was more pronounced (60-80%) than in the
previous experiment. Ehrlich carcinoma cells affected the
binding of FITC-labeled blood serum glycoproteins in a time-
dependent manner. Mass spectrometry revealed that the
spectrum of glycopeptides in blood serum taken from control
mice differed from the spectra of glycopeptides obtained from
mice 8-24 h after the removal of Ehrlich carcinoma cells.
Comparable effects were also observed with Cloudman S91
melanoma. In conclusion, the inhibition of tumor growth
mediated by donor cells (PBLCs, SLCs and PCs) transferred
from operated donor animals to recipient animals indicates
the existence of a tumor-regulating factor in blood serum.
This phenomenon is associated with characteristic alterations
in the glycosylation of blood serum proteins.
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Introduction

The phenomenon of accelerated metastatic tumor growth
following the removal of the primary tumor is a major reason
for cancer relapse (1). The mechanisms by which the primary
tumor influences the growth of remote metastases are not as
yet understood. Using six different tumor models, Fisher et al
(2) hypothesized the existence of a growth-stimulating factor
in the blood serum of animals after the removal of the primary
tumor. Metastasized tumor cells and micrometastases spread
in the body and respond to this growth-stimulating factor,
exhibiting accelerated proliferation (3,4). However, this
growth-stimulating factor does not influence tumor growth by
stimulating tumor angiogenesis (1), as its maximal activity
can be observed within 24 h — too short a time period for the
neo-angiogenesis of tumors (1,3-6).

Fisher et al hypothesized that this growth factor is present
in an inactive form and becomes active over time (2). An
important finding in support of this hypothesis is that maximal
acceleration of metastatic growth was only observed within the
first 24 h following the removal of the primary tumor. Rather
than hypothesizing the release of a growth-promoting factor
by the primary tumor, as proposed by Fisher and co-workers,
we assumed that a growth-stimulating factor is constantly
produced by the tumor-bearing host. If this assumption is true,
then the surgical removal of the primary tumor should lead to
an increase in the concentration of growth-stimulating factor
in blood serum and to an acceleration of metastatic growth.
However, the presence of such increasing concentrations of
growth-stimulating factor in serum could activate a negative
feedback loop, resulting in a subsequent decrease of the factor
in serum and a retardation of metastatic growth. Hence,
decreased proliferation of tumor cells within 24 h of the
removal of a primary tumor might indicate the existence of a
negative feedback loop. A balance between growth stimulation
and retardation leads to a net increase in metastatic growth.
Such a growth-stimulating factor has yet to be identified. We
conducted the present investigation using an experimental
model in an effort to do so.

To confirm our hypothesis, we chose Ehrlich ascitic car-
cinoma as a test model. Previously, we showed that changes in
the balance of serum proteins in blood from Ehrlich tumor-
bearing mice led to the apoptosis of tumor cells and cured the
animals of their tumors (5). Ehrlich ascitic carcinoma cells
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Figure 1. Cell cycle analysis of ascitic Ehrlich carcinoma cells by means of flow cytometry and propidium iodide staining. DNA histograms of ascitic Ehrlich carci-
noma cells from mice 0 (A), 18 (B), 24 (C) and 48 h (D) after the removal of ascitic fluid. Representative histograms of three independent experiments are shown.

were removed together with ascitic fluid by means of a syringe.
During this procedure, only the number of tumor cells in the
tumor-bearing host changed. Other factors possibly influencing
the biological effects of the procedure were excluded in this
experimental setting, i.e., anesthetics, surgical trauma, bleed-
ing, changes in the concentration of tumor cells in the ascitic
fluid, growth inhibition of the tumor by contact interaction, and
the influence of tumor angiogenesis. All these factors were of
interest in the investigation of this phenomenon conducted by
Fisher and co-workers (2). Hence, our hypothesis was that a
tumor-stimulating factor is produced by the tumor-bearing host
itself. Only its continued production by the host accelerates
the growth of the remaining tumor cells. Furthermore, this
tumor-stimulating factor is specific to each individual tumor,
a specificity that is achieved by individual glycosylation
patterns in blood serum.

Therefore, the aim of the present study was to explore the
mechanism of inhibition of Ehrlich carcinoma proliferation.
We found a negative feedback loop of the regulation of tumor
growth 24 h after the removal of ascitic fluid. The time kinetics
of this feedback mechanism and its activation by peritoneal
cells (PCs), spleen leukocytes (SLCs) and peripheral blood
leukocytes (PBLCs) were investigated and associated with
characteristic alterations in the glycosylation of blood serum
proteins.

Materials and methods

Tumor and animal experimentation. Ascitic Ehrlich carcinoma
(aneuploid strain ELD) and Cloudman S91 melanoma were
obtained from the tumor strains bank of the N.N. Blokhin
Russian Cancer Research Center, Moscow, Russia. Ascitic
Ehrlich carcinoma cells were transplanted intraperitoneally
(i.p.) to obtain ascitic tumors or by intramuscular injection

(i.m.) to obtain solid tumors in the right hind limb of C57B1/6
mice (1x10° cells/mouse diluted in 100 p1 RPMI-1640 medium,
Panecko, Russia). The experiments were carried out using male
2- to 3-month-old C57Bl/6 mice obtained from Stolbovaya
Co. (Moscow, Russia). Cloudman S91 melanoma cells were
transplanted subcutaneously (s.c.) in 200 yl RPMI-1640
medium for the estimation of tumor growth. Tumor cell
suspensions for animal inoculation were prepared by mincing
tumor pieces with scissors on an 80 mesh nylon screen and
washing the cells through the screen with RPMI-1640 medium
(1:10 w/w). The mice received standard laboratory feed and
tap water ad libitum. All experiments were conducted in
accordance with the legal regulations for animal experi-
mentation of Russia and with official permission from the
Institute of Experimental Diagnosis and Therapy of Tumors
of the N.N. Blokhin Russian Cancer Research Center (7).

Tumor removal. Ascitic tumor cells were removed with ascitic
fluid by means of a syringe 7 days after the inoculation of
tumor cells. Solid tumor nodes (melanoma S91 or Ehrlich
carcinoma) were removed by amputation of the leg under
light ether anesthesia according to the protocol described by
Fisher et al (2). The animals under narcosis were treated with
ketaminum. In all experiments involving solid tumor removal,
experimental and control mice were inoculated with aliquots
of the same tumor cell suspension. Solid tumors were removed
14 days after the inoculation of tumor cells, once tumor
volumes had reached a size of at least 1 cm?®.

Induction of resistance to tumor growth. Peritoneal cells (PCs),
spleen leukocytes (SLCs) and peripheral blood leukocytes
(PBLCs) were collected from operated mice at different time
points (Tables I-IIT). PBLCs and SL.Cs were obtained by Ficoll
gradient centrifugation (Panecko, Russia). Subsequently, 3x10°
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Figure 2. Flow cytometric forward and side scatter analysis of peritoneal
cells and Ehrlich carcinoma cells in the ascitic fluid of mice. (A) Gate R1
shows Ehrlich carcinoma cells and gate R2, peritoneal cells. Peritoneal cells
were stained with propidium iodide (B).

cells per mouse were inoculated s.c. into healthy mice. After
14 days, tumor cells were inoculated into the same mice. Each
group comprised 10 animals. Statistical analysis was carried
out using the Student's t-test. Data were considered significant
at p-values <0.05.

Glycoprotein isolation. After the tumors reached a volume of
at least 1 cm?, glycoproteins were isolated from the blood
serum of untreated healthy mice or from mice bearing i.m.-
transplanted solid Ehrlich carcinoma. Serum was diluted in
0.05 M sodium acetate buffer (pH 6.0, 0.01% sodium azide)
containing 0.25 M sodium chloride and 1 mM Ca?, Mg?* and
Mn?* transferred onto PD-10 columns (Amersham Biosciences,
Freiburg, Germany), and incubated for 12 h at 4°C. The
precipitate was separated by centrifugation at 10,000 x g for
20 min. Proteins were applied to ConA Sepharose columns
(Pharmacia). Non-bound serum proteins were eluated by
0.05 M sodium acetate buffer (pH 6.0, 0.01% sodium azide)
containing 0.25 M sodium chloride and 1 mM Ca?*, Mg?* and
Mn?*, while the bound proteins were eluated by a 0.05 M
sodium acetate buffer (pH 6.0, 0.01% sodium azide) con-
taining 0.25 M sodium chloride and 1 mM Ca?*, Mg**, Mn?*
and 4% methyl a-d-manno-pyranoside (Sigma, USA) with the
help of a GP-250 programmed gradient pump (Pharmacia).
Protein elution was monitored in a flow cell at A==280 nm.
Buffer exchange from 0.05 M sodium acetate buffer to 0.1 M
sodium carbonate buffer (pH 9.3) was carried out by PD-10
columns. Fluorescein 5-isothiocyanate (FITC) (Sigma, USA)
was added to 0.1 M sodium carbonate buffer (pH 9.3) con-
taining glycoproteins at 4°C. Four hours later, the labeling of
glycoproteins by FITC was stopped by 0.25 M ammonium
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chloride. The buffer exchange of labeled glycoproteins from
0.1 M sodium carbonate buffer (pH 9.3) to phosphate buffer
solution (PBS) (pH 7.4) was carried out by PD-10 columns.

MALDI-TOF. Blood was collected from the retroorbital sinus
of mice after the removal of the primary tumors at different
time points (Figs. 6 and 7). The sera of animals from the
treatment groups were pooled. Trypsin-type protease-cleaved
peptides with 10% acetonitril were used in the peptide
mixtures. Trypsin proteases were removed by an ultra-
filtration PM10 membrane under air pressure (Millipore,
USA). Glycopeptides from peptide mixtures were obtained by
Con A Sepharose columns (Pharmacia). Glycopeptides were
concentrated by the SEP-PAK Cs-cartridge (Millipore, USA).
Mass spectra were measured by means of a MALDI-TOF
Reflex I mass spectrometer (Bruker, BioSciences, Billerica,
MA, USA) equipped with UV laser (336 nm). The range of
positive ions was recorded from 500 to 8000 Da.

Flow cytometry. Ploidy analysis of Ehrlich carcinoma and
normal peritoneal cells was carried out using flow cytometry
(FACScan, Becton Dickinson, San Jose, CA, USA). After
their removal from the peritoneum, Ehrlich carcinoma cells
were fixed in 70% ethyl alcohol and stored at -20°C, re-
suspended in physiological solution. Normal peritoneal cells
were treated likewise and served as a control.

For staining, propidium iodide (Sigma, Deisenhofen,
Germany) was added at a final concentration of 1 xg/ml. Flow
cytometry results were obtained from 15,000 cells collected in
a gate set by forward and sideward light scatters. The results
were analyzed by means of WinMDI 2.8 software. FITC-
labeled glycoproteins were incubated with target cells.
Peritoneal cells were washed and re-suspended in RPMI-1640
medium at a density of 3x10° cells/ml. The concentration of
FITC-labeled glycoproteins was equal to the concentration of
these glycoproteins in blood serum.

Results

In the present study, we avoided surgically removing solid
Ehrlich carcinomas, since any surgical influence is accom-
panied by bleeding. This also leads to an infringement of the
homeostasis of the organism, which can hamper the inves-
tigation of interrelationships between the tumor and its host.
Instead, we analyzed ascitic tumors by puncture using a
syringe to draw ascitic fluid from the peritoneum. Cell cycle
analysis of the ascitic fluids was carried out by flow cytometry
7 days after the inoculation of the tumor cells. The initial
percentage of proliferating cells in ascitic fluids was ~15%
(Fig. 1A). The removal of ascitic fluids caused an increase up
to 30.8% in proliferating cells after 24 h (Fig. 1B). This result
is comparable with the data of Fisher er al (2,11). After 48 h,
the percentage of proliferating cells again decreased to 16%
(Fig. 1C), and remained constant after 120 h (17%) (Fig. 1D).

By means of flow cytometry, it is possible to distinguish
Ehrlich carcinoma cells from normal peritoneal cells. Repre-
sentative histograms are shown in Fig. 2. Gate R1 contained
large tumor cells (Fig. 2A), whereas gate R2 contained smaller,
normal peritoneal cells (Fig. 2B). Cells in gate R2 were com-
pletely in the GO/G1 phase (100%) (Fig. 2B).
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Figure 3. Influence of the removal of ascitic fluid on cell cycle distribution in
Ehrlich carcinoma cells. (#) GO/G1 phase of Ehrlich carcinoma cells; (0)
S phase of Ehrlich carcinoma cells; (v) G2/M phase of Ehrlich carcinoma
cells; (V) GO/G1 phase of peritoneal cells. Representative histograms of
three independent experiments are shown.

The influence of removing ascitic fluids on the cell cycle
distribution of Ehrlich carcinoma and normal peritoneal cells
(PCs) is shown in Fig. 3. The removal of ascitic fluid did not
influence the cell cycle distribution of normal PCs, and all PCs
were in the GO/G1 phase. In contrast, the cell cycle of Ehrlich
tumor cells changed after the removal of ascitic fluid. An
increase in the number of cells in the S phase was observed
after removal of ascitic fluid, from 8.3% at O h to 19.1% at
18 h. Twenty-four hours after the removal of ascitic fluid, an
increase in the number of cells in the G2/M phase, from 14.6%
at 0 h to 31%, and a decrease in cells in the GO/G1 phase was
observed.

Comparable results were found using dot plot flow cyto-
metry (Fig. 4). Prior to the removal of ascitic fluid, the
fluorescence levels of tumor cells were higher, and the cells
were located in the top right quadrant of the dot plot (Fig. 4A).
Twenty-four hours after the removal of ascitic fluid, the
fluorescence levels of the tumor cells had decreased, and the
cells were located in the bottom left quadrant of the dot plot
(Fig. 4B). Similar results are also apparent in the histograms
shown in Fig. 4C. The fluorescence intensity of non-tumor
PCs did not change. Hence, peritoneal cells can be used as
negative controls. The dynamics of changes in the average
intensity of tumor cell fluorescence are shown in Fig. 4D.
Significant changes in the fluorescence levels of tumor cells
were observed 1 h after the removal of ascitic fluid. This
decrease in fluorescence levels was no longer apparent 48 h
after the removal of the ascitic fluids.

We hypothesized that the removal of a primary tumor
activates a growth-inhibitory process aimed at the remaining
tumor cells in the tumor-bearing host. To confirm this hypo-
thesis, peripheral blood leukocytes (PBLCs), spleen leukocytes
(SLCs) and peritoneal cells (PCs) were transferred from ani-
mals with extracted ascite tumors to healthy animals, along
with Ehrlich tumor cells. A schematic of the experimental set-
up is shown in Fig. 5. PBLCs, SLCs and PCs were collected
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Figure 4. Flow cytometric analysis of ascitic Ehrlich carcinoma cells by
forward and side scatter analysis. (A) Dot plot analysis of Ehrlich carcinoma
cells from mice without the removal of ascitic fluid. Bottom left quadrant,
peritoneal cells. Top right quadrant, Ehrlich carcinoma cells. (B) Dot plot
analysis of Ehrlich carcinoma cells from mice 24 h after the removal of ascitic
fluid. While the size of the peritoneal cells did not change , Ehrlich carcinoma
cells were reduced in size after 24 h. (C) Histograms of ascitic Ehrlich
carcinoma cells from mice 0 h (1), 1 h (2), 24 h (3), 48 h (4), and 120 h (5)
after the removal of ascitic fluids. (D) Quantitative analysis of the influence of
the removal of ascitic fluids. Mean fluorescence of ascitic Ehrlich carcinoma
cells from mice O h (1), 1 h (2), 18 h (3), 24 h (4) and 48 h (5) after the
removal of ascitic fluid. The mean fluorescence of peritoneal cells in ascitic
fluids did not change significantly after the removal of the fluid (6).
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Table 1. Time kinetics of donor cells to inhibit Ehrlich carci-
noma cells in recipient mice after the removal of Ehrlich
carcinoma from donor mice.
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Table II. Time kinetics of donor cells to induce resistance to
Ehrlich carcinoma in untreated healthy recipient mice after
the removal of Ehrlich carcinoma from donor mice.

Group Time after tumor Cell type Resistance Group Time after tumor Cell type Resistance
no. removal (h) of mice (%) No. removal (h) of mice (%)
1. 0 SLC 0 1. 0 SLC 0
2. 0 PBLC 0 2. 0 PBLC 0
3. 0 PC 0 3. 0 PC 0
4. 1 SLC 0 4, 1 SLC 0
5. 1 PBLC 0 5. 1 PBLC 0
6. 1 PC 0 6. 1 PC 0
7. 4 Spleen cells 0 7. 4 SLC 0
8. 4 SLC 0 8. 4 PBLC 0
9. 4 PBLC 0 9. 4 PC 0
10 5 PC 0 10. 5 SLC 0
11. 5 PBLC 0 11. 5 PBLC 0
12. 5 PC 0 12. 5 PC 0
13. 6 SLC 32.5+5.0 13. 6 SLC 93.1£5.7
14. 6 PBLC 35.0+5.7 14. 6 PBLC 66.7+5.8
15. 6 PC 42.5+3.1 15. 6 PC 87.5£5.0
16. 8 SLC 47.5+8.3 16. 8 SLC 98.5+3.8
17. 8 PBLC 27.5+4.3 17. 8 PBLC 58.0+16.4
18. 8 PC 28.1+4.5 18. 8 PC 82.5+14.9
19. 10 SLC 0 19. 10 SLC 0
20. 10 PBLC 0 20. 10 PBLC 0
21. 10 PC 0 21. 10 PC 0
22. 12 SLC 0 22. 12 SLC 0
23. 12 PBLC 0 23. 12 PBLC 0
24. 12 PC 0 24, 12 PC 0
25 24 SLC 0 25. 24 SLC 0
26 24 PBLC 0 26. 24 PBLC 0
27 24 PC 0 217. 24 PC 0
28 48 SLC 0 28. 48 SLC 0
29. 48 PBLC 0 29. 48 PBLC 0
30. 48 PC 0 30. 48 PC 0
31. 120 SLC 0 31. 120 SLC 0
32. 120 PBLC 0 32. 120 PBLC 0
33 120 PC 0 33. 120 PC 0

Tumor cells (1x10°) were injected into mice together with peripheral
blood leukocytes (PBLCs), spleen leukocytes (SLCs) or peritoneal
cells (PCs) (3x10%). Ehrlich carcinoma cells were injected i.m. when
PCs were co-applied. Ehrlich carcinoma cells were transplanted i.p.
when PBLCs or SLCs were co-applied.

at various time points after ascitic tumor removal (0-120 h). This
procedure suppressed tumor growth in 20-40% of the recipient
animals when PBLCs, SLCs or PCs were collected from
donor animals 6-8 h after tumor removal (Table I). A follow-
up of the mice that showed resistance to tumor development
after the injection of PBLCs, SLCs or PCs revealed that they
maintained tumor resistance for at least 4 months, even when
the number of transplanted tumor cells was increased from 10°
to 40x10° cells. This follow-up experiment is still in progress
to explore the long-term effects of this phenomenon.

Peripheral blood leukocytes (PBLCs), spleen leukocytes (SLCs) or
peritoneal cells (PCs) (3x10°) were injected s.c., and Ehrlich carci-
noma cells were injected i.m. when PCs were co-applied. Ehrlich
carcinoma cells were transplanted i.p. when PBLCs or SLCs were
co-applied. Fourteen days after donor cell injection, 1x10°® carcinoma
cells were applied.

To ascertain whether resistance to tumor development is
induced by the host or by the tumor cells co-transplanted
along with PBLCs, SLCs or PCs, we performed a second set
of experiments. PBLCs, SLCs or PCs were injected into mice,
and Ehrlich tumor cells were inoculated 14 days later (see the
scheme in Fig. 5). The results shown in Table II indicate that
tumor resistance occurred within the same time frame (6-8 h)
as in the previous experiment, but was more frequent (60-80%
in Table II versus 20-40% in Table I). This may be evidence
that the tumor-suppressive activity mediated by PBLCs, SLCs
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Figure 6. Flow cytometric histograms of the binding of FITC-labeled serum glycoproteins to mouse peritoneal cells. (A) Dot plot of the peritoneal cells of mice
with i.m.-transplanted Ehrlich carcinoma cells. (B) Histogram of the binding of peritoneal cells from tumor-bearing mice with FITC-labeled serum glyco-
proteins from ascitic Ehrlich carcinoma-bearing mice without the removal of ascitic fluid (0 h). (C) Histogram of the binding of peritoneal cells from intact
mice with FITC-labeled serum glycoproteins from intact mice. (D) Histogram of the binding of peritoneal cells from intact mice with FITC-labeled serum
glycoproteins from ascitic tumor-bearing Ehrlich carcinoma mice without the removal of ascitic fluid. Histograms of the binding of peritoneal cells from i.m.-
transplanted Ehrlich carcinoma-bearing mice with FITC-labeled serum glycoproteins from ascitic Ehrlich carcinoma-bearing mice after the removal of ascitic

fluid for 1 (E), 6 (F), 18 (G) or 24 h (H).
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Figure 7. Quantitative analysis of the time-dependent influence of the removal
of ascitic fluid on the binding of FITC-labeled serum glycoproteins from
ascitic Ehrlich carcinoma cell-bearing mice after the removal of ascitic fluid
injected with peritoneal cells from i.m.-transplanted Ehrlich carcinoma-
bearing mice.

or PCs was induced by the host. Possibly, 6-8 h represents a
necessary time frame for the recovery of animals from
surgical intervention, and also for the activation of defense
phenomena as observed in our set of experiments.

We speculated that post-translational protein alterations,
e.g., glycosylation, may account for these short-term effects.
In Fig. 6A, a flow cytometric dot plot of PCs from mice with
i.m.-transplanted Ehrlich carcinoma is shown. Fig. 6B shows
the histogram of the binding of PCs to FITC-labeled serum
glycoproteins, which were obtained from mice with i.m.-

transplanted Ehrlich carcinoma. Glycoproteins did not bind to
PCs from tumor-bearing mice. Similarly, FITC-labeled serum
glycoproteins from mice without tumors were not observed to
bind to PCs from mice without tumors (Fig. 6C). At the same
time, more than 62% of the PCs detected were immunopos-
itive, after the incubation of PCs from mice with ascitic Ehrlich
carcinoma with FITC-labeled serum glycoprotein from mice
without tumors (Fig. 6D).

In Figs. 6E-H and 7, the influence of the removal of ascitic
fluid on the binding of FITC-labeled serum glycoproteins is
shown in a time-dependent manner. Initially (O h) the per-
centage of positive cells was zero or very low. One hour after
the removal of ascitic fluid, the percentage of positive cells
increased up to 6% and, after 7 h, up to 21%. A maximum of
~40% was reached 24 h after the removal of the ascitic fluid.
These data show that changes in PBLCs, SLCs and PCs, as
well as in serum glycoprotein immunoreactivity, occurred after
6-8 and 18 h, respectively.

Glycopeptides of blood serum glycoproteins were obtained
by hydrolysis with trypsin and subsequent purification. In
Fig. 8A, a mass spectrum of glycopeptides from the digested
blood serum glycoprotein of healthy male mice is shown. The
mass spectra of healthy mice differed from the mass spectra
of tumor-bearing animals in glycopeptides of high molecular
weight (m/z 4531.96 and m/z 4819.394). In tumor-bearing
mice (Fig. 8B), the spectrum of glycopeptides differed from
the spectra of glycopeptides obtained from mice 8 and 24 h
after the removal of ascitic fluid (Fig. 8C and D). The spectra
of glycopeptides illustrate that the process of glycosylation
alterations is rapid. The velocity of this process might account
for the results described above.
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Figure 8. Mass spectrometry profiles of serum trypsin-type protease-cleaved glycopeptides. Trypsin-type protease-cleaved glycopeptides were obtained from
the serum proteins of untreated control C57bl/6 (A) and Ehrlich carcinoma-bearing C57bl/6 mice 0 (B), 8 (C) or 24 h (D) after removal of ascitic fluid.

Table III. Influence of the modes of application of donor cells on the growth of Cloudman S91 melanoma in mice.

Group no. Time after tumor Cell type No. of donor Resistance of
removal (h) cell injections mice (%)
1. 6 SLC Single 27.5+4.9
2. 6 PBLC Single 12.5+£5.0
3. 6 PC Single 17.5+5.0
4. 6 SLC + PBLC Double 40.0+8.2
7
5. 6 PC + SLC Double 66.7+5.8
7
6. 6 PBLC + PC + SLC Triple 86.7+£5.7
7
8
7. 6 PC Triple 98.5+3.8
8. 6 PBLC Triple 82.5+5.0
9. 6 SLC Triple 98.5+3.8

Peripheral blood leukocytes (PBLCs), spleen leukocytes (SLCs), or peritoneal cells (PCs) (3x10° ) were subcutaneously injected. Single, double,
or triple injections were performed. Fourteen days after donor cell injection, 1x10® Cloudman melanoma cells were subcutaneously applied.

We observed this phenomenon not only in Ehrlich car-
cinoma, but also in Cloudman S91 melanoma (Table III).
Recipient mice injected with PBCLs, SLCs or PCs from
operated donor animals were revealed to have less fre-
quently occuring tumors when these cells were collected
6-8 h after surgery. The percentage of mice resistant to tumor
development was increased when the cells were injected

repeatedly. Single injection of these cells resulted in 20% of
the mice exhbiting resistance to melanoma development.
Double transplantation increased the number of resistant mice
up to 40-70%, while after triple transplantation resistance
was found in up to 100% of the mice. These results strongly
suggest that tumor-suppressive effects are conferred by the
host organism.
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Discussion

In the present investigation, we found that the removal of
Ehrlich carcinoma cells growing as ascitic tumors increased
the fraction of proliferating tumor cells. The maximum effect
was observed 24 h after tumor removal. This result is in good
accordance with data in the literature, showing increased
proliferative activity in the remaining tumor cells after the
surgical removal of solid tumors (8,9).

There are two possible explanations for this phenomenon.
One asserts that tumor cells release a certain factor, which is
activated after the removal of the tumor. This hypothesis was
first proposed by Weiss in the 1950s (10). The chemical
nature of this factor is unknown.

We favor a second explanation, which points to a factor
initially produced by the host itself. This factor is absorbed
by the tumor and is necessary for cell proliferation. After the
removal of the tumor, the concentration of this factor
drastically increases. This increased concentration in blood
serum leads to a negative feedback loop, resulting in a
subsequent decrease of the factor in serum. However, the
question as to why such a hypothetical negative feedback loop
is activated remains.

One possible answer to this question is provided by our
flow cytometry data. Using forward and side scattering, we
observed a change in the size of tumor cells after the partial
removal of ascitic fluid. This change in tumor cell size may be
associated with a change in the interaction of these cells with
molecules in the ascitic fluid. This assumption is important in
the postulation of a negative feedback loop. Ascitic fluids
and blood contain many polar and hydrophobic molecules.
These chemical groups are located on the surface of cells and
biomacromolecules. A concentration change in these chemical
groups might lead to the dissociation of these molecules from
the surface, or to the formation of molecular complexes.
Complexes may be formed between biomacromolecules,
between biomacromolecules and cells, and as conglomerates
of cells. The formation of cell conglomerates may pose a
danger to an organism, as it causes the development of the so-
called ‘sludge’ syndrome. This syndrome occurs, for example,
after the dehydration of an organism or following sepsis.
Dehydration causes an increase in the erythrocyte number in
blood. As a result, erythrocytes form monetary column-formed
structures (11,12).

Therefore, in the present study, we examined the inter-
action of blood serum glycoproteins and peritoneal cells in
mice. Our results indicate an increased binding of glyco-
proteins with peritoneal cells after the removal of ascitic
fluid. The formation of conglomerates of the remaining tumor
cells in ascitic fluid was observed by visual inspection. Hence,
it is worth speculating that the partial removal of ascitic fluid
incites a condition in the remaining cells similar to the ‘sludge’
syndrome. Such a condition might be harmful to the tumor-
bearing host, and could lead to a switch to compensatory
mechanisms. As a result, the affinity of biomacromolecules
to tumor and peritoneal cells might be changed. Changes in
the affinity of proteins to cells can be measured as alterations
in their glycosylation pattern. We demonstrated that the
glycosylation of blood serum proteins changed within 6 h of
the removal of ascitic fluid. It is reasonable to assume that
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lymphocytes can carry out protein glycosylation reactions by
means of the recognition and dissociation of formed com-
plexes, which can then be released into biological fluids,
such as ascitic fluid.

Not only tumor tissues, but all tissues of an organism may
participate in the complex balance of biomacromolecules, an
assumption which is supported by the literature. Removal of a
kidney, a part of the liver, a salivary gland or a plaintive gland
causes an increase in the proliferative activity of the remaining
organ or gland (13-20). A factor appears in blood serum which
enhances cell proliferation as early as 12 h after small bowel
resection (21). There are several indications in the literature
that a serum factor causes an increase in vascular endothelial
growth factor (VEGF) after organ resection (22,23). This
factor is not VEGF, since VEGF does not display organ or
tumor specificity. When mice are transplanted with two tumors
of different colors, such as melanoma (black) and carcinoma
(white), removal of the carcinoma is followed by the devel-
opment of carcinoma-derived white metastases in the belly
lymph nodes. When the melanoma is removed, melanoma-
derived black metastases occur in the lung. Hence, the pro-
posed serum factor underlying this metastasis route may be
revealed to have organ and tumor specificity (24).

The occurrence of lipomatosis after cosmetic surgery also
supports our view of complex balances (25-28). Goshtasby ef al
(29) described a case of isolated symmetrical lipomatosis of
soft tissue overlying the trochanters that developed a recur-
rence after liposuction treatment. Removal causes responses
in the organism, such as increased cell proliferation in the
remaining tissue. These data further strengthen the assumption
that a balance exists between the biomacromolecules of
tissues and glands.

Another line of evidence comes from studies by Scheiffarth
et al (30) and Warnatz et al (31). The authors showed that the
spleen cells of a donor with chemically-induced hepatitis
caused hepatitis in the recipient. The ability of donor lym-
phocytes to keep and transmit disease-mediating information
about an illness is difficult to explain. However, taking our
hypothesis into account, there are interesting parallels between
both phenomena. Lymphocytes contribute to a healthy balance
in the organism. In the abovementioned studies (30,31),
lymphocytes were taken from an organism suffering from
chemically-induced hepatitis. Therefore, donor lymphocytes
from an unbalanced organism can transmit this information
to the recipient organism, who subsequently also develops a
diseased state.

In the present study, donor cells (PBLCs, SLCs or PCs)
were obtained from mice with extracted tumors. We assumed
that these mice had developed a condition inhibiting tumor
growth, and therefore sought to identify the occurrence of a
similar condition in the recipient mice. We found that the
injection of PBLCs, SLCs or PCs from donor mice collected
at a maximum of 6-8 h after tumor removal protected the
recipient mice from tumor growth.

Taking our results and the data in the literature into account,
we can draw the following conclusions: i) the removal of
Ehrlich carcinoma accelerated tumor growth for up to 24 h
following surgery. Subsequently, accelerated tumor growth
was inhibited. This is not a tumor-specific phenomenon asso-
ciated solely with Ehrlich carcinoma, as we also observed it in
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Cloudman S91 melanoma. ii) An inhibition of tumor growth
mediated by donor cells (PBLCs, SLCs or PCs) can be trans-
ferred from operated donor animals to recipient animals. iii)
This mechanism of tumor growth inhibition may be related to
a tumor-specific factor in blood serum. iv) Blocking this factor
may slow down the proliferation of tumors. v) This pheno-
menon is associated with characteristic alterations in the
glycosylation of blood serum proteins. Research is currently
being conducted to identify and characterize this factor.

References

10.
11.
12.
13.

14.

15.

. Peeters CF, de Waal RM, Wobbes T, Westphal JR and Ruers TJ:

Outgrowth of human liver metastases after resection of the
primary colorectal tumor: a shift in the balance between apoptosis
and proliferation. Int J Cancer 119: 1249-1253, 2006.

. Fisher B, Gunduz N, Coyle J, Rudock C and Saffer E: Presence

of a growth-stimulating factor in serum following primary tumor
removal in mice. Cancer Res 49: 1996-2001, 1989.

. Folkman J: Angiogenesis in cancer, vascular, rheumatoid and

other disease. Nat Med 1: 27-31, 1995.

. Sakon M, Monden M, Gotoh M, Kanai T, Umeshita K, Mori T,

Tsubouchi H and Daikuhara Y: Hepatocyte growth factor
concentrations after liver resection. Lancet 339: 818, 1992.

. Donenko FV, Sitdikova SM, Syrtsev AV, Gradyushko AT,

Kiselevsky MV, Serebryakova MV and Efferth T: Hemoglobin-
associated proteins isolated from blood serum of Ehrlich
carcinoma-bearing mice. Int J Oncol 32: 885-893, 2008.

. Peeters CFIM, Westphal JR, De Waal RMW, Ruiter DJ,

Wobbes T and Ruers TIM: Vascular density in colorectal liver
metastases increases after removal of the primary tumor in
human cancer patients. Int J Cancer 112: 554-559, 2004.

. Goldin A, Kline I and Sofina ZP (eds): Experimental evaluation

of antitumor drugs in the USA and USSR and clinical correla-
tions. National Cancer Institute Monograph 55. NIH Publication
no. 1933. U.S. Department of Health and Human Services.
National Institutes of Health, NCI, Bethesda, MD, 1980.

. Gunduz N, Fisher B and Saffer EA: Effect of surgical removal

on the growth and kinetics of residual tumor. Cancer Res 39:
3861-3865, 1979.

. Fisher B, Saffer EA and Deutsch M: Influence of irradiation of

a primary tumor on the labeling index and estrogen receptor
index in a distant tumor focus. Int J Radiat Oncol Biol Phys 12:
879-885, 1986.

Weiss P: Self-regulation of organ growth by its own products.
Science 114: 487, 1952.

Hinshaw LB: Sepsis/septic shock: participation of the microcircu-
lation: an abbreviated review. Crit Care Med 24: 1072-1078, 1996.
Moore K, Thompson C and Trainer P: Disorders of water balance.
Clin Med 3: 28-33, 2003.

Urie BK, Tillson DM, Smith CM, Brawner WR, Almond GT,
Beard DM, Lenz SD and Lothrop CD Jr: Evaluation of clinical
status, renal function, and hematopoietic variables after unilateral
nephrectomy in canine kidney donors. ] Am Vet Med Assoc 230:
1653-1656, 2007.

Haxhija EQ, Yang H, Spencer AU, Sun X and Teitelbaum DH:
Intestinal epithelial cell proliferation is dependent on the site of
massive small bowel resection. Pediatr Surg Int 23: 379-390, 2007.
Martin CA, Bernabe KQ, Taylor JA, Nair R, Paul RJ, Guo J,
Erwin CR and Warner BW: Resection-induced intestinal adap-
tation and the role of enteric smooth muscle. J Pediatr Surg 43:
1011-1017, 2008.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

495

Juno RJ, Williams JL, Knott AW, Erwin CR, O'Brien DP and
Warner BW: A serum factor after intestinal resection stimulates
epidermal growth factor receptor signaling and proliferation in
intestinal epithelial cells. Surgery 132: 377-383, 2002.

Nelson LA, O'Brien DP, Kemp CJ, Williams JL, Dunke-Jacobs E,
Erwin CR and Warner BW: Intestinal and hepatic response to
combined partial hepatectomy and small bowel resection in
mice. Am J Surg 183: 435-440, 2002.

Vlastos IM, Parpounas K, Economides J, Helmis G,
Koudoumnakis E and Houlakis M: Tonsillectomy versus
tonsillotomy performed with scissors in children with tonsil-
lar hypertrophy. Int J Pediatr Otorhinolaryngol 72: 857-863,
2008.

Aussilhou B, Lesurtel M, Sauvanet A, Farges O, Dokmak S,
Goasguen N, Sibert A, Vilgrain V and Belghiti J: Right portal
vein ligation is as efficient as portal vein embolization to induce
hypertrophy of the left liver remnant. J Gastrointest Surg 12:
297-303, 2008.

Wilms C, Mueller L, Lenk C, Wittkugel O, Helmke K, Krupski-
Berdien G, Rogiers X and Broering DC: Comparative study of
portal vein embolization versus portal vein ligation for induction
of hypertrophy of the future liver remnant using a mini-pig
model. Ann Surg 247: 825-834, 2008.

Juno RJ, Knott AW, Erwin CR and Warner BW: A serum
factor(s) after small bowel resection induces intestinal epithelial
cell proliferation: effects of timing, site, and extent of resection.
J Pediatr Surg 38: 868-874, 2003.

Parvadia JK, Keswani SG, Vaikunth S, Maldonado AR,
Marwan A, Stehr W, Erwin C, Uzvolgyi E, Warner BW,
Yamano S, Taichman N and Crombleholme TM: Role of VEGF
in small bowel adaptation after resection: the adaptive response
is angiogenesis dependent. Am J Physiol Gastrointest Liver
Physiol 293: G591-G598, 2007.

Schrijvers BF, Flyvbjerg A, Tilton RG, Rasch R, Lameire NH
and De Vriese AS: Pathophysiological role of vascular endo-
thelial growth factor in the remnant kidney. Nephron Exp
Nephrol 101: e9-e15, 2005.

Sitdikova SM, Amandzholov BS, Kiselevskii MV and Donenko FV:
Specificity of relapses and metastases of experimental transplanted
Ehrlich carcinoma and B16 melanoma. Bull Exp Biol Med 143:
80-82, 2007.

Ginat DT, Bhatt S and Dogra VS: Replacement lipomatosis of the
kidney: sonographic features. J Ultrasound Med 27: 1393-1395,
2008.

Puttarajappa C and Dhoble A: Mediastinal lipomatosis as a cause
of low voltage complexes on electrocardiogram and widened
mediastinum: A case report. Cases J 1: 171, 2008.

Jowett C, Mitra P, O'Donnell P and Singh DS: Synovial lipoma-
tosis of hindfoot tendon sheaths: case reports and literature
review. Foot Ankle Int 29: 752-755, 2008.

Pandzic Jaksic V and Bozkov V: From ancient enigmas to novel
paradigms: a depiction of multiple symmetric lipomatosis. Coll
Antropol 32: 637-640, 2008.

Goshtasby P, Brooks G and Fielding LP: Lipomatous disorder
of the peri-trochanteric soft tissue: case report and review. Curr
Surg 63: 338-344, 2006.

Scheiffarth F, Warnatz H and Mayer K: Studies concerning the
importance of mononuclear cells in development of experimental
hepatitis. J Immunol 98: 396-401, 1967.

Warnatz H, Scheiffarth F, Wolf F and Schmidt HJ: Autoradio-
graphic experiments concerning the importance of mononuclear
cells in development of experimental hepatitis. J Immunol 98:
402-405, 1967.



