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 Mitosis is the separation of duplicated chromosomes into two daughter cells 
in order to create viable offspring. There are many checks in mitosis to ensure the 
inherited chromosome number is correct.  Sometimes, these checkpoints are 
overcome and daughter cells inherit defects which can lead to cancer. One defect is 
the appearance of lagging chromosomes, the result of inaccurate chromosomal 
separation which leads to incorrect chromosome number termed aneuploidy. 
Aneuploidy is one of the defining traits of cancerous cells. The potential mechanism 
of lagging chromosomes in the cancerous cell line UPCI:OSCC070  is investigated in 
this study. siRNA-induced knockdown of KIFC1, a protein that is involved in the 
centrosomal clustering to prevent multipolar spindles, was used in the cells. 
Examining both levels of knockdown and time of exposure, we saw that the loss of 
KIFC1 led to a significant increase in lagging chromosomes, indicating this protein 
is critical to proper mitotic progression. 
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Introduction 

 Cancer is a prevalent and a largely lethal disease that is affecting people 

worldwide. Cancer develops due to inherited or random mutations in the genome, or 

genomic alterations because of exposure to cancer causing agents, which are known 

as carcinogens. Regularly, cells undergo a process called mitosis in which the 

genomic material is symmetrically divided to produce viable daughter cells. When the 

genetic material is asymmetrically divided aneuploidy occurs, which is characterized 

by a cell with a chromosome number that is different from the regular diploid number 

(Elhajouji et al., 1997). Aneuploidy is present many cancers, making it a defining 

feature (reviewed in Lengauer et al., 1998). The cell has various ways to protect itself 

from aneuploidy, including the regular checkpoints that are activated during cell cycle 

progression.  During the replication cycle the centrosome is duplicated once and acts 

as the spindle poles of the cell that is diving (Kellogg, 1989). The centrosomes 

oppose each other in order to ensure an even distribution of chromosomes between 

the daughter cells as well as acting as the cells microtubule organizing center 

(MTOC) which allows the cell to have a cytoskeleton foundation for the next division 

(reviewed in Brinkley, 2001). It is crucial for the cell to only duplicate the centrosome 

once otherwise the DNA would not be divided equally and thus cause aberrant 

effects. Therefore, the cell has a vital checkpoint in order to ensure the centrosome is 

only replicated once (Balczon et al., 1995). If the centrosome is duplicated more than 

once it can form a multipolar spindle which can lead to an irregular number of 

chromosomes in the cells thus creating improper chromosome disjunction (Nigg, 

2002).  Cells with an irregular number of chromosomes tend to have destructive 
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growth patterns (Orr-Weaver & Weinberg, 1998). Centrosomes usually divide into a 

bipolar spindle formation or into the aberrant multipolar spindle formation, shown in 

Figure 1 (D’Assaro et al., 2002).  

 

Figure 1: The red bolts signify the checkpoints that the centrosome must overcome to 
properly divide into the bipolar formation. Overcoming these checkpoints can lead to 
multipolar spindles and subsequently aneuploidy (D’Assaro et al., 2002). 
 

 Supernumerary centrosomes are associated with either the knockdown or 

overexpression of genes that are linked to cancer (reviewed in Nigg, 2002). An 

important gene involved in this process is p53; knockout of p53 shows an increase in 

centrosome amplification (Carroll et al., 1999; Nigg, 2002). Human tumors have 

shown a positive correlation between supernumerary centrosomes and aberrant 

chromosomal numbers leading to a compromised genome (reviewed in Nigg, 2002). 
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An aberrant number of centrosomes  have been seen in many types of cancers 

including; brain, breast, colon, lung, pancreas, prostate and cervical (reviewed in 

Nigg, 2002). Thus there is strong evidence suggesting that these cellular defects lead 

to tumor progression.  

Cells with supernumerary centrosomes undergo temporary stages in which they have 

multipolar intermediates (Ganem et al., 2009). It has been proposed that the 

arrangement of these transient stages incline the cell to form merotelic attachments, 

which are asymmetrical (Ganem et al., 2009). Therefore the cells spend a long time of 

mitosis in a multipolar arrangement before the centrosomes cluster. (Ganem et al., 

2009). It can be concluded that the multipolar arrangements increase the tendencies of 

merotelic attachments and thus promote chromosomal instability.  Chromosomal 

instability is a hallmark of many human cancerous tumors (reviewed in Lengauer et 

al., 1998), and can be due to certain defects such as multipolarity, anaphase bridges 

and lagging chromosomes. Multipolarity arises when the cell has an extra number of 

centrosomes and thus the genetic material is not symmetrically divided. On the other 

hand, anaphase bridges form due to exposed unprotected chromosomes that fuse 

together and form a bridge during anaphase (Luo et al., 2004). As anaphase 

progresses the bridges break therefore unevenly transmitting genetic information or 

leaving chromosomes behind, which has been linked to tumorogenesis (Luo et al., 

2004).  Furthermore lagging chromosomes, another major mitotic defect linked to 

cancer, arise from either the breakage of these bridges or the missegration of 

chromosomes during metaphase or anaphase. After division is complete lagging 

chromosomes are represented as micronuclei, which are chromosomes encapsulated 
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in a nuclear envelope, outside of the nucleus (Cimini et al., 2001). Micronuclei 

indicate the completion of mitosis with acentric chromosome fragments (Fenech et 

al., 2011).  Research indicates that exposure to carcinogens, like cigarette smoke, is 

directly linked to anaphase bridges because it causes double stranded breaks in the 

DNA and further chromosomal instability (Luo et al., 2004). The major types of 

genetic alterations in tumors are; sequence changes, alterations in chromosome 

number, chromosomal translocations and gene amplifications (reviewed in Lengauer 

et al., 1998). Sequence changes refer to the deletion, insertion or substitution of 

nucleotides, these are usually resolved through Nucleotide Excision Repair (NER) or 

Mismatch Repair enzymes (reviewed in Lengauer et al., 1998). Alterations in the 

chromosome number can be attributed to a misregulation of the spindle checkpoint 

and usually lead to aneuploidy (reviewed in Lengauer et al., 1998). These alterations 

are largely found in tumor cells but rarely in normal dividing cells (reviewed in 

Lengauer et al., 1998).  The cell has mechanisms in order to combat chromosomal 

instability, there are various cell cycle checkpoints and emergency repair proteins like 

p53 that help combat chromosomal instability. The metaphase checkpoint is crucial to 

this process because it ensures that the chromatids are properly aligned and ready for 

segregation, thus preventing abnormal division (Orr-Weaver & Weinberg, 1998).  In 

addition, there are two major ways by which cells can combat supernumerary 

centrosomes which usually lead to aneuploidy, deamplficaition and coalescence. Two 

suggested models for these repair mechanisms are displayed in Figure 2. 
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Figure 2: Two possible scenarios that repair amplified centrosomes: deamplification 
and coalescence. (Brinkley, 2001).  Coalescence is believed to be the main repair 
mechanism involved and it functions by bringing the centrosomes together to form 
two spindle poles. (Quintyne et al., 2005).  
  

 Coalescence acts by gathering the extra centrosomes together and therefore 

only forming two MTOCs (Brinkley, 2001; Quintyne et al., 2005). On the other hand, 

deamplification works by silencing or removing the extra centrosomes once again to 

achieve only two spindle poles (Brinkley, 2001). Further research has shown that 

coalescing is  the preferred pathway that cells take in order to prevent multipolarity 

(Quintyne et al., 2005). These repair and checking mechanisms exists but there are 

times when certain defects or mutations signal the cell to continue dividing regardless 

of the errors, this is usually when cancerous cells arise. A genetic screen in 

Drosophila showed that there are 148 genes involved in the coalescing machinery 

that prevents multipolarity (Kwon et al., 2008). Out of these genes 82 have homologs 
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in humans, included in these 82 genes was KIFC1 (Kwon et al., 2008).  The 

coalescing pathway involves the products of many genes, and it has been shown that 

KIFC1, also known as HSET, is a vital emergency motor, localized on the mitotic 

spindle and plays an important role in spindle motility (Mountain et al., 1999; Cai et 

al., 2009), that is present when amplification occurs (Kwon et al.,, 2008). The 

knockdown of KIFC1 in cancer cell lines increases the rate of multipolarity, but has 

no effect on noncancerous cell lines (Kwon et al., 2008). Further research with this 

gene indicates that it is vital for proper cytokenesis, which is the final division of the 

cells (Cai et al., 2009). KIFC1 downregulation has also been previously linked to 

abnormal chromosomal congregation and alignment (Zhu et al., 2005).  

 My work focuses mainly on the roles of KIFC1 and how the downregulation 

of this gene affects mitotic division in the UPCI:SCC070 oral cancer cell line. We 

used siRNA to knockdown KIFC1 and observed the cells by staining with DAPI and 

using a fluorescence microscope. We scored for mitotic indices in the normal cell line 

as well as the transfected cell line. Additionally, we obtained data that showed the 

frequency of mitotic defects such as lagging chromosomes, anaphase bridges, 

micronuclei, and multipolarity. Recently published research using lung fibroblasts has 

shown that downregulation of KIFC1 leads to slower cell cycle progression, and an 

increase in lagging chromosomes (Kim and Song, 2013), therefore providing support 

for the results present in my research.  
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Methods 

Cell Culture: 

 UPCI:SCC070 oral squamous cell carcinoma cells (University of Pittsburgh 

Cancer Institute) were cultivated using 500ml of  Minimum Essential Medium Eagle 

(Sigma Chemical Company, St. Louis, MO) and supplemented with  60ml of Fetal 

Bovine Serum (Sigma), 5.5ml of L-Glutamine (Sigma), 5.5ml of Non-Essential 

Amino Acids (EMD Millipore Corporation, Billerica, MA) and 2.7ml of Gentamycin 

Sulfate (MP Biomedicals, Santa Ana, CA). Before each passage, the cells were 

washed with phosphate buffered saline (PBS). Afterwards they were treated with 2ml 

of 0.25% trypsin ethylenediaminetetraacetic acid (trypsin-EDTA; MP Biomedicals) at 

37°C for approximately five minutes.  The cells were passed at a density of 

1.5x105cells/ml. 

Antibodies: 

 There were three different primary antibody mixtures used to stain the cells in 

order to optimize results. The antibody cocktails were prepared in 300µl of 

PBS/0.05% Tween-20/1.5% Bovine serum albumen (PBST-BSA). The first mixture 

included 1.5µl of Mouse Monoclonal Anti-!-Tubulin clone DM1A at a 1:200 dilution 

(Sigma) along with 0.6µl of Rabbit Anti-"-Tubulin at a 1:500 dilution (Sigma). The 

second mixture was composed of 3µl of KIFC1 mouse monoclonal antibody at a 

1:100 dilution (Abnova, Walnut, CA) and 0.6µl of Rabbit Anti-"-Tubulin at a 1:500 

dilution (Sigma). The third mixture included 3µl of KIFC1 monoclonal antibody at a 

1:100 dilution (Abnova) and 6µl of Rabbit Monoclonal Anti-!-Tubulin at a 1:200 



 

)"

 

dilution (Sigma) . The primary antibody used in the Western blot was Mouse 

Monoclonal Anti-!-Tubulin at a 1:200 dilution (Sigma), and the secondary was 

KIFC1 mouse monoclonal antibody at a 1:100 dilution (Abnova).  

shRNA Transfections: 

 For a six well plate 600µl of OPTI-MEM was combined with 18µl of 

FuGENE 6 Transfection Reagent (Roche, Indianapolis, IN) and allowed to incubate 

for 5 minutes at room temperature. Afterwards 24µl of the KIFC1 knockdown gene 

were added and allowed to incubate for another 15 minutes. Once the Transfection 

reagent was ready 100µl of the solution was added to each well. The six well plate 

was incubated for at least three days in order to permit effective knockdown of 

KIFC1 gene as determined by the Western Blot (see below).  

Immunofluorescence: 

 The cells were fixed with methanol at -20°C for five minutes and then allowed 

to air dry. Approximately 2ml of PBST BSA was added to each plate and incubated 

for 10-15 minutes then aspirated. 150µl of the primary antibody was added to each 

plate and incubated for 30 minutes followed by aspiration. After placing the primary 

antibody the cells were washed three times for three minutes each with PBS. 

Following the wash 150µl of the secondary antibodies were added and incubated for 

15 minutes. Subsequently the cells were once again washed three times with PBS. 

100µl of 4’,6-diamidino-2-phenylindole (DAPI, Sigma) was added to the plates for 

30-60 seconds then aspirated. The cells were washed three times for thirty seconds 

with distilled water. A drop of mounting medium made up of p-phenylenediamine 

(Ultra, North Kingston, RJ) was placed on clean microscopes slides and the cell cover 
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slips were fixed on the slides and sealed with nail polish. An Olympus IX-81 Inverted 

Fluorescence Microscope with a 100X 1.65 N.A. objective and appropriate filters 

(Olympus America, Center Valley, PA) was used in order to analyze the cells. The 

images were captured using a Hamamatsu C4742-95 CCD camera (Hamamatsu 

Corporation, NJ). The cells were analyzed using Slidebook 5.0 Software (Intelligent 

Imaging Innovations, Denver, CO). Around 300-400 cells were counted per slide.  

SDS-PAGE and Western Blot: 

 For the gel electrophoresis 8% SDS polyacrylamide gel was used along with a 

5% stacking gel. Around 5 !l of the sample was used and run at 100V for 

approximately 60 minutes. The transfer of proteins from gel to membrane was done 

by using a Bio-Rad Trans-Blot SD Semi-Dry Electrophoretic Transfer cell. A PVDF 

membrane, approximately the same size of the gel, was used. The membrane was 

immersed in methanol for 5 minutesand then transferred to the Semi-dry transfer 

buffer. The buffer was prepared according to the BioRad Semi-Dry transfer protocol 

and included; 5.82g of Trizma base, 2.93g of glycine, and 200ml of methanol, diluted 

to one liter of distilled water. The membrane was soaked for 15 minutes, and the gel 

was soaked for 5. On top of the blot paper the PVDF membrane was added followed 

by the polyacrylamide gel and then another piece of blotting paper. The transfer was 

performed at 15V for 30 minutes. The blots were blocked in TBST/5% milk and then 

the primary antibody was added and left overnight. This was followed by three 

washes of TBST for 10 minutes each while rocking. Subsequently 2µl of secondary 

antibody was added along with 10ml of milk and left on the rocker for 45 minutes and 

the TBST washes were repeated. BCIP/NBT-Blue Liquid Substrate System for 
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membranes (Sigma) was added in order to stain the bands and then the membrane 

was washed three times with distilled water.  
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Results 
In my work we were interested in diminishing the expression of the KIFC1 

gene in order to see what changes would occur during mitotic progression. Initially, 

we wanted to ensure that we were in fact decreasing the expression of KIFC1. 

Therefore we performed a Western blot, comparing untransfected cells to ones that 

were transfected with shRNA to KIFC1 and allowed to incubate for 3 days (Figure 3). 

A clear reduction of KIFC1 expression levels was seen in the transfected cell 

population, confirming that transfection was effective at reducing KIFC1 expression. 

 
Figure 3: Western blot confirming down regulation of KIFC1 expression. MW is the 
molecular weight. Lanes 1,4, and 7 were empty. Lanes 2,5,and 8 were loaded with 
regular cells without KIFC1 knockdown, as observed these bands are darker 
indicating expression. Lanes 3,6, and 9 were loaded with KIFC1 depleted cells. 

 

 With our knockdown technique established we first wanted to establish 

mitotic indices for both the control and transfected population in order to see how 

KIFC1 down-regulation affected cell cycle progression (Figure 4). We saw that the 

percent of cells in mitosis increased from 2.2% in the control population to 3.4% in 

the transfected cells.  
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Figure 4:  Percentage of cells undergoing mitosis in a given population. The control 
number correlate to the UPCI:SCC070 cells, while the transfected numbers refer to 
the cells that have reduced expression of KIFC1. 

 

After this experiment we wanted to see if the effects of KIFC1 knockdown 

were observed over a 6 day span (Figure 5). When scoring the mitotic indices for the 

transfected cells over a 6 day span, we saw no clear change, although observed a 

slight decrease in the 6th day that is most likely due to reduced siRNA expression.  

 

 

 

 

 
 
 
 
Figure 5: Transfected cells expressing decreased levels of KIFC1 were examined for 
mitotic index counts on consecutive days: 4, 5 and 6 days after transfection and 
compared to control. 
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When we first scored the control populations we observed a high percentage 

of micronuclei. As a result, we wanted to see if the micronuclei counts would increase 

or decrease with depletion of KIFC1 expression (Figure 6).  The percentage of cells 

with micronuclei decreased from 25.2% in the control cells to 14.4% in the KIFC1 

depleted cells.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: (A) The control and transfected cell populations were scored for the 
presence of micronuclei.. (B) Representative example of a cell with a micronucleus. 
Cell is stained with DAPI. 
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As with mitotic index, we wished to see if the reduction in micronucleus 

frequency persisted over a longer period of time, so timepoints were collected for 

days 4, 5 and 6 after transfection (Figure 7). Even after 6 days there was still a 

decrease in micronuclei percentages overall.  

Figure 7:  Frequency of micronuclei within the cell population after prolonged 
treatment with siRNA to KIFC1. Days after transfection are indicated. 

 

Subsequently, we wanted to observe how KIFC1 depletion affected the 

prevalence of mitotic defects. We scored for four different classes of mitotic defects: 

Lagging chromosomes in prometaphase/metaphase, lagging chromosomes in 

anaphase, mulitpolar spindles and anaphase bridges (Figure 8-11). The frequency of 

lagging chromosomes in anaphase increased from 0 percent to 7.1% in the transfected 

cells. Similarly, lagging chromosomes in metaphase increased from 0% to 6.9%. 

Multipolarity did not show a significant increase or decrease, while anaphase bridges 

increased from 1% to 4.5%.  



 

!&"

 

Figure 8: Mitotic defects shown in UPCI:SCC070. (A) Control cell where KIFC1 
expression in intact, anaphase is progressing without any bridges or lagging 
chromosomes. Red: "-tubulin. Green: #-tubulin. Blue: DAPI. (B) Broken anaphase 
bridge in KIFC1 depleted cell.  (C) Lagging chromosome in anaphase, as well as 
anaphase bridge in KIFC1 knockdowns. (D) Lagging chrosmomes during anapahse 
when KIFC1 expression is reduced. Cells in B-D are stained with DAPI. 
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Figure 9: Control cell undergoing normal mitotic progression and KIFC1 depleated 
cells with mitotic defects. (A) Control cell with no mitotic defects during metphase. 
Red: "-tubulin. Green: #-tubulin. Blue: DAPI. (B) Multiple lagging chromosomes 
during metaphase in the transfected population. (C) Lagging chromosomes during 
metaphase in KIFC1 depleated cells. (D) Single chromsome lagging in metaphase in 
KIFC1 knockdowns. Cells in B-D are stained with DAPI. 
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Figure 10: Defects found in the control populations of UPCI:SCC070. (A) Multipolar 
cell in metaphase. (B). Many micronuclei indicating lagging chromosomes during cell 
progression. Cells are stained with DAPI. 

Figure 11: The control and transfected cells were scored for mitotic defects. MP = 
multipolar spindles. AB = Anaphase Bridges. LCM = Lagging Chromosomes in 
prometaphase or Metaphase. LCA = Lagging Chromosomes in Anaphase. 
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Finally, cells were scored for the presence of mitotic defects over a prolonged 

period, examining their frequency on days 4, 5 and 6 after transfection. Overall, 

increases were seen for each of the mitotic defects, although no discernable trend was 

noted (Figure 12). 

 
 
 
 

Figure 12: Mitotic defects over a 6 day span. MP = multipolar spindles. AB = 
Anaphase Bridges. LCM = Lagging Chromosomes in prometaphase or Metaphase. 
LCA = Lagging Chromosomes in Anaphase 
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Discussion 

 The purpose of my research was to see the effects of lowering the expression 

of KIFC1 in the oral cancer cell line UPCI:SCC070. In addition to exploring the role 

of KIFC1 during mitosis, our research has allowed us to observe certain trends that 

further identify the role of KIFC1 in mitotic progression. Previous research has 

shown that KIFC1 is vital for the coalescing machinery, which prevents multipolarity 

to function properly (Kwon et al., 2008). The downregulation of KIFC1 in this 

research showed an increase in multipolar rates amongst the cells (Kwon et al., 2008; 

Zhu et al., 2005). The original hypothesis formulated for our research was that 

multipolarity would increase when KIFC1 was knocked down, but our results indicate 

otherwise.  

 At first we scored for mitotic cells in both the control and transfected 

populations. Our findings indicate that when KIFC1 is downregulated, cells spend a 

longer time in mitosis, indicating that KIFC1 is vital for mitosis to progress in a 

timely manner. This correlates with previous research that indicates the importance of 

KIFC1 for proper spindle formation (Mountain et al., 1999; Zhu et al., 2005; Cai et 

al., 2009). Our initial control populations also had high percentages of micronuclei, 

indicating that chromosomes were left unsegregated into the daughter cells. Therefore 

we wanted to see how micronuclei percentages were affected with the KIFC1 

knockdowns. Since KIFC1 is vital for proper mitotic progression we expected the 

micronuclei counts to be higher in the transfected populations. Additionally, recent 

research has shown that a decrease in KIFC1 has led to an increase in micronuclei 

formation in primary human fibroblasts IMR-90.   (Kim and Song, 2013). 
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Interestingly, we observed a decrease of micronuclei in the transfected population. 

This suggests that there might be a secondary emergency mechanism that is activated 

once KIFC1 expression is lowered. This secondary mechanism might be rescuing the 

lagging chromosomes therefore the instances of micronuclei are diminished. 

Although this mechanism is rescuing these misplaced chromosomes, it is doing it at a 

much slower rate than the original KIFC1-dependent pathway would, which is why 

the cells are spending a longer time in mitosis, and thus the increase in mitotic index 

of the transfected cells. Further support for this hypothesis is found in a recent 

experiment that showed that depletion of KIFC1 delayed the cell cycle for 

approximately two hours (Kim and Song, 2013).   Therefore KIFC1 expression and 

functionality is preferred for regular and timely cell cycle progression.   

 Furthermore we wanted to observe the effects of KIFC1 downregulation on 

mitotic defects. Our results show that there was a significant increase in lagging 

chromosomes in both anaphase and metaphase in the transfected cells when KIFC1 is 

depleted, although multipolarity was not significantly changed from the control 

population. Recent research shows that KIFC1 downregulation also increases lagging 

chromosomes instances in lung fibroblasts (Kim and Song, 2013). The previous 

findings collectively with our current results allows us to speculate that lagging 

chromosomes might be appearing as precursors to multipolarity.  Most importantly, 

the instances of lagging chromosomes show that KIFC1 depletion induces genomic 

instability, which is detrimental to cells. 

 Genomic instability can lead to aneuploidy which is a defining feature of 

many cancer cells. Consequently, KIFC1 has been proposed to serve as a possible 



 

#!"

 

gene target for cancer treatment. The knockdown of KIFC1 leads to improper 

chromosomal segregation which promotes chromosomal instability therefore 

increasing the chances of the cell having a malignant phenotype (Kwon, 2008; 

Ganem et al., 2009).     

 Although current research and our results support the hypothesis that the 

knockdown of KIFC1 leads to an activation of an unknown secondary 

repair/maintenance mechanism, significant research remains to be done to further 

verify this theory and identify the components of this mechanism. Future directions 

for this project include performing KIFC1 knockdowns on various cell lines including 

non cancerous cell lines to see the possible effects. It would also be interesting to 

identify the signals released when KIFC1 is knocked down to be able to see what 

molecules or genes these signals incite, and research those further.  
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