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Introduction:
Unraveling the Cell
Cycle

Every second of every day, your body
is in a state of constant renewal. Old
skin cells flake off, your stomach
lining replaces itself, and your

defenders. At the heart of this
continuous regeneration is a tightly
regulated process known as the cell
cycle, and within it, one phase stands
out as the most visually dramatic:
mitosis. In high school and college
biology labs, students frequently
examine this process under a
microscope, often using onion root
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identify cells in various stages of
mitosis, count them, and analyze the
data. But when the topic shifts to
cancer, the lab takes on a much
deeper significance. The question isn’t
just “What does mitosis look like?” but
rather, “What happens when mitosis
goes wrong?” This article explores the
crucial intersection of mitosis and
cancer, providing clear, practical
answers to common lab questions and
explaining how understanding the cell
division process is essential for
grasping the nature of the disease.

Mitosis: A Quick Lab
Review

Before diving into the cancer
connection, it is helpful to recall the
basic stages of mitosis as they appear
in a conventional lab setting. Most
experiments use a prepared slide of
an onion root tip (Allium cepa) or a
whitefish blastula, both of which
contain actively dividing cells. Under
a microscope, you can observe the
following phases:
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Interphase (Not technically

part of mitosis, but critically

important)

Interphase is the cell’s daily routine.
The cell grows, replicates its DNA,
and prepares for division. In the lab,
interphase cells appear as having a
distinct nucleus with visible nucleoli
and finely distributed chromatin.
Students are often surprised to learn
that a cell spends about 90% of its
time in interphase. The key laboratory
observation here is that most cells on
your slide will be in interphase—an
important clue for understanding how

Prophase

The chromatin condenses into visible
chromosomes. The nuclear envelope
begins to disintegrate. In the lab, this
stage is identified by the appearance
of thread-like, double-stranded
chromosomes (sister chromatids)
inside the nucleus. The spindle
apparatus starts to form outside the
nucleus.

Metaphase

Chromosomes line up along the
equatorial plane (the metaphase
plate). This is usually one of the
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microscope because the chromosomes
form a neat, organized row across the
center of the cell. Spindle fibers
attach to the centromeres of each
chromosome.

Anaphase

Cohesin proteins break down, and
sister chromatids separate and move
towards opposite poles of the cell. In
the lab, you can see V-shaped
structures as the chromatids are
pulled by spindle fibers. This stage is
relatively short, so you may see fewer
cells in anaphase on your slide.

Telophase

The chromosomes arrive at the poles,
decondense back into chromatin, and
two new nuclear envelopes re-form. In
animal cells, a cleavage furrow begins
to pinch the cell in two; in plant cells,
a cell plate forms.

Cytokinesis

The division of the cytoplasm is
completed, resulting in two
genetically identical daughter cells. In
a lab slide, this stage sometimes
overlaps with telophase.
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Common Lab Mitosis
And Cancer Answers:
Interpreting Your Data

One of the most common assignments
in a mitosis lab is to count the number
of cells in each phase from a sample
of 100-200 cells. The results are used
to calculate the mitotic index—the
percentage of cells actively
undergoing mitosis. A typical mitotic
index for a normal, healthy tissue like
an onion root tip is between 10% and
20%. But here is where the “cancer
answers” part becomes essential.

74
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would you expect to see if you
examined cancer cells under the same
conditions?” the answer is not simply
“more cells in mitosis.” The reality is
more nuanced, and laboratory
observations provide the evidence.

Question: How does the cell
cycle differ in cancer cells?

Cancer cells have lost the normal
controls that regulate the cell cycle.
Consequently, they divide more
frequently and often continue dividing
when they should not. In a lab
comparison, you would likely see a
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sample—perhaps 30% or more.
However, the quality of the mitoses is
often abnormal. You might observe
cells that are stuck in metaphase
(because spindle checkpoints are
faulty), or you might see anaphase
bridges (chromosomes that fail to
separate properly). Cancer cells also
commonly exhibit aneuploidy—an
abnormal number of
chromosomes—because mistakes in
mitosis are not corrected. In a lab
setting, you can sometimes identify
cells with micronuclei (small, extra
nuclei) which are telltale signs of
chromosomal instability, a hallmark of
cancer.

Question: Why do we use a
chemical like colchicine in
some cancer labs?

Colchicine is a drug that disrupts
spindle fiber formation, effectively
stopping cells in metaphase. While it
is a useful tool for studying
chromosomes (since they are most
condensed and visible in metaphase),
it also illustrates a fundamental idea:
interfering with mitosis can Kkill
dividing cells. This principle is the
basis for many chemotherapy drugs,
such as paclitaxel (Taxol) and vinca
alkaloids, which target microtubules
and block mitotic progression. In your
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lab, when you treat onion root tips
with colchicine, you artificially
increase the number of cells in
metaphase—mimicking, in a
controlled way, the effect that certain
cancer treatments have on tumor
cells.

Question: What are
checkpoints and how do they
relate to cancer?

The cell cycle is guarded by
checkpoint mechanisms that ensure
each phase is completed correctly
before the next begins. There are
three major checkpoints: the G1/S

checkpoint (cell size and DNA damage
check), the G2/M checkpoint (DNA
replication completeness), and the
metaphase-to-anaphase checkpoint
(spindle attachment). Cancer cells
often have mutations in checkpoint
genes. For example, the p53 tumor
suppressor protein, which acts as the
“guardian of the genome,” is mutated
in more than 50% of all human
cancers. Without functional p53, cells
with damaged DNA can proceed
through G1 into S phase, accumulate
more mutations, and eventually
become cancerous. In a lab context,
you can demonstrate this by using
chemicals that cause DNA damage
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(like ultraviolet light or hydrogen
peroxide) and observing that normal
cells arrest at checkpoints, while
cancerous cells do not.

Cancer as a Disease of
Unregulated Mitosis

The connection between mitosis and
cancer is so fundamental that
researchers often call cancer a
“disease of the cell cycle.” It is not
that cancer cells divide faster by
default; rather, they lose the brakes.
In a healthy tissue, cell division is
controlled by a balance of proto-

oncogenes (which promote division)
and tumor suppressor genes (which
inhibit division). When proto-
oncogenes mutate into oncogenes, the
gas pedal gets stuck. When tumor
suppressor genes are inactivated, the
brakes fail. The result is uncontrolled
proliferation—exactly the kind of
activity you can observe in a lab when
you compare cancer cell cultures to
normal ones.

A classic lab experiment involves
staining cells for specific cell cycle
markers, such as cyclins and cyclin-
dependent kinases (CDKs). Cyclin
levels oscillate throughout the cell
cycle, and they bind to CDKs to drive
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progression. In cancer cells, cyclin D1
or CDK4 are often overexpressed,
leading to faster transit through the
G1 phase. However, because
checkpoints are defective, the cells
cannot respond to DNA damage. This
explains why many cancer cells are
more sensitive to certain drugs that
interfere with DNA replication or
mitotic spindle formation—a concept
known as “targeted therapy.”

How Lab Results Provide
Clues for Cancer Prevention

Understanding the relationship
between mitosis and cancer is not

merely an academic exercise.
Laboratory studies have helped
identify environmental factors that
increase the risk of cancer by causing
mitotic errors. For instance, exposure
to certain chemicals (like benzene or
asbestos) can cause chromosome
breakage or mis-segregation, leading
to aneuploidy. In a teaching lab,
students can use the onion root tip
assay to test the effects of potential
mutagens. By counting the frequency
of abnormal mitotic figures (like
lagging chromosomes or micronuclei)
after treatment, students can infer the
carcinogenic potential of a substance.
This hands-on approach provides
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concrete “lab mitosis and cancer
answers” that go beyond textbook
theory.

Practical Tips for
Answering Common
Lab Questions

To help you succeed in your own lab
work, here are some of the most
frequently asked questions and their
answers:

e Why do we use root tips for a
mitosis lab? Root tips contain
an actively growing region called

the apical meristem, where cells
divide continuously. This
provides a high concentration of
mitosis stages for observation.
How do you calculate the
mitotic index? Divide the
number of cells in mitosis by the
total number of cells counted,
then multiply by 100. For cancer
cells, a high mitotic index is
often associated with aggressive
tumors.

¢ What does a “normal” mitotic

index tell us? It reflects the
rate of cell division in that tissue.
For example, skin and gut lining
have high mitotic indices, while
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muscle and nerve tissue have can result in tetraploidy (4n) or
very low indices. other polyploid states. These
Can you distinguish between errors are more common when
a benign and malignant checkpoint proteins like MAD?2
tumor based on mitotic index or BUBRI1 are deficient.

alone? Not entirely, but a higher

mitotic index is more suggestive Bringing It All
of malignancy. Pathologists also
look for atypical mitotic figures, Together: From Lab

such as multipolar spindles, Bench to Clinical

which are rarely seen in benign .

growths. Understanding

Why do cancer cells

sometimes have more than When you step back from the
two sets of chromosomes? microscope, the answers you gather
Errors in anaphase (failure of from a lab on mitosis and cancer form
sister chromatids to separate) a foundational piece of biomedical
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knowledge. The same processes that
allow a single fertilized egg to become
a trillion-celled human being are the
processes that can go awry, leading to
uncontrolled growth. Every
chemotherapy drug, every radiation
treatment, and every targeted therapy
aims, in some way, to correct or
exploit the defects in mitotic
regulation. By understanding the
nuances of the cell cycle—through
hands-on lab work, data analysis, and
critical thinking—you gain a deeper
appreciation of both the elegance of
healthy cell division and the tragedy
of its disruption in cancer.

Moreover, the skills you develop in

the lab—meticulous observation,
accurate counting, and hypothesis
testing—are precisely the skills
needed to interpret clinical data. For
example, a pathologist examining a
biopsy from a suspicious lump will
grade the tumor based on the mitotic
index and the presence of abnormal
mitotic figures. This grading system
(e.g., the Bloom-Richardson system
for breast cancer) directly comes from
the kind of analysis you perform in
your introductory biology lab. So,
when you next look at a field of root
tip cells under the microscope,
remember that you are not just
memorizing names of phases. You are
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learning the language of cellular
health and disease—a language that
can save lives.

Conclusion

In summary, the intersection of
mitosis and cancer is one of the most
powerful teaching tools in biology.
Laboratory exercises that ask you to
identify mitotic phases, calculate
mitotic indices, and evaluate the
effects of chemical agents provide
concrete answers to essential
questions: How do cells divide? What

happens when division goes wrong?
How can we detect and treat the
consequences? The answers you find
in the lab are not just academic; they
are directly applicable to medicine,
research, and public health. By
mastering these concepts, you equip
yourself with a deeper understanding
of both normal physiology and one of
the most challenging diseases of our
time. Whether you are a student
completing a required lab or a curious
reader exploring on your own, the
journey from the onion root tip to the
cancer cell is a fascinating and vital
one.
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