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Abstract: Clumped cells are generally more dangerous than single cells in cancer spread, thrombocytosis and biofilm
infectivity. Here a simple direct kinetic assay is used to examine a specific reagent for anti-clumping activity using a
Prefer fixed yeast (Saccharomyces cerevisiae) model that has been recently described by us in detail using other reagents.
In 1212 trials by 17 investigators sodium sulfate (1-3 mg per ml deionized water) was examined by measuring
percentage single cells, number of clumps and number of cells per clump over a 60 min time course, with standard
deviations and t-tests to determine any significant differences between controls and experimentals. Sodium sulfate
showed sometimes inconsistent unclumping activity especially in magnitude of effects. When percentage of single cells
increased, clump number and/or number of cells per clump generally decreased, helping to validate the assay. An
example of these findings in 60 trials at 60 min with 1-3 mg sodium sulfate per ml deionized water: 1 mg 15% increased
singles (p<0.01), 29% decreased clumps (p<0.01), 11% decreased cells per clump (p>0.05); 2 mg 12% increased singles
(p<0.01), 20% decreased clumps (p<0.01), 30% decreased cells per clump (p<0.01); 3 mg 27% increased singles
(p<0.01), 36% decreased clumps (p<0.01), 28% decreased cells per clump (p<0.02). Here sodium sulfate showed
promise as an anti-cell-clumping reagent together with sodium citrate reported previously in part 1 of this study. Sodium
citrate is a known human anticoagulant independently identified with this assay, helping to validate the assay for drug
discovery applications.
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1. Introduction
Cancer cells in clusters are more dangerous than single
cells in metastasis [1-5] It is unclear why this is the case but

cells in clusters in the bloodstream may express proteins,
DNA alterations, and metabolic changes that may promote
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cell survival in clumps. The cellular basis of metastasis has
been studied for decades [1-11].
When cancer cell clusters are dissociated into single cells,
DNA sites are altered and metastasis is suppressed [10].
Therefore, there is good reason to seek reagents that
disaggregate cancer cell clusters. In fact, disaggregating
cell clumps could also help prevent and treat
thrombocytosis in heart disease and stroke and infectivity
of biofilms [12, 13].
In 2015 we reported preliminary results in abstract form
that suggested that sodium sulfate may disaggregate cell
clumps in a model fixed yeast system [14]. More recently
in part 1 of this study we showed that sodium citrate
helped disaggregate cell clumps [15]. These results helped
confirm the validity of the assay used here, as sodium
citrate was previously shown to do this using other
methods [12].
In this paper, part 2 of a study presented previously in this
journal [15], a detailed report is presented on the effects of
sodium sulfate on populations of single cells and cell clusters
using a manual kinetic assay that can be considered a gold
standard in examining the effects of reagents on cell clumps
[15]. It is a gold standard because it is a direct observation
kinetic assay and not a faster automated assay that, however,
can quickly assess huge numbers of samples [16].

2. Experimental Procedure
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Figure 1. Kinetic Analysis.
1 mg sodium sulfate per ml deionized water:
15% increased singles over controls (p<0.01), 60 min.

29% decreased clumps over controls (p<0.01), 60 min.
Figure 2. Number of clumps, 1 mg.

Yeast fixed with Prefer (Anatech Ltd., Battle Creek,
MI) were tested at 0 mg (control), 1, 2 and 3 mg sodium
sulfate per ml deionized water in droplets on glass
microscope slides over a 60 min time course and observed
with light microscopes with intermittent stirring [15].
Percentages of single cells were calculated as were
number of clumps and number of cells per clump in
controls and experimentals. Results were plotted with SD
bars and 2 tailed t tests were conducted to suggest any
significant differences (p<0.05) between control and
experimental results.

3. Results and Discussion
1212 trials were conducted by 17 investigators. The
reagent sometimes showed variable unclumping activity
especially with respect to magnitude of effects. There was
clear consistency in the correlation between percent singles
and clump characteristics. When percentage of singles
increased, number of clumps and/or number of cells per
clump generally decreased. These results help validate the
simple concept of this assay in suggesting that as clumps
disaggregate, percent of single cells increases.
An example of these findings is shown in the figures using
sodium sulfate in 60 trials.
See Figures 1-9.

Figure 3. 11% decreased cells per clump over controls (p>0.05), 60 min.

Figure 4. Kinetic analysis.
2 mg sodium sulfate per ml deionized water:
12% increased singles (p<0.01), 60 min;
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20% decreased clumps (p<0.01) 60 min.
Figure 5. Number of clumps, 2 mg.

28% decreased cells per clump (p<0.02), 60 min.
Figure 9. Cells per clump, 3 mg.

30% decreased cells per clump (p<0.01), 60 min.
Figure 6. Cells per clump, 2mg.

These results suggest a concentration dependent effect on
reducing cell clumping with sodium sulfate, where as single cell
populations increase, clumps decrease. This is to be expected but
it is important to demonstrate this statistically as done here.
In a recent paper, part 1 of this study [15] this lab showed
that sodium citrate exhibited anti-cell clumping effects. As
sodium citrate is a known anti-coagulant [12] that was
demonstrated using other assays, our independent finding of
sodium citrate’s anti-clumping activity using the assay used
here, helps validate this assay as possibly useful in drug
discovery applications.
Here, using this assay, sodium sulfate is also identified as a
likely anti-clumping reagent.
This manual kinetic assay uses direct observations over
time with light microscopes. This allows scores of
investigators to gather data with precise statistical
evaluations.
Steve Oppenheimer, Fellow American Association for the
Advancement of Science, a co-author here, was presented with
a U.S. Presidential Award for Mentoring by the White House
and National Science Foundation based on involving hundreds
of students in research and assessing their career outcomes
[17-19]. This kinetic assay lends itself to introducing many
students to statistically evaluated published research.

Figure 7. Kinetic analysis.
3 mg sodium sulfate per ml deionized water.
27% increased singles (p<0.01), 60 min.

4. Conclusions
Sodium sulfate is identified as a potential cell cluster
unclumping agent that could be of value in reducing cell
clumps in cancer metastasis, thrombocytosis and biofilm
infectivity. The kinetic assay reported here can be considered
to be a gold standard for precise assessment of potential anticlumping agents and can be used in many training and
research applications.
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36% decreased clumps (p,0.01), 60 min.
Figure 8. Number of clumps, 3 mg.
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