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Introduction
The nucleus is the compartment within each cell that 
contains the genetic information directing how the 
cell grows and behaves. Although pathologists use an 
enlarged nucleus to diagnose cancer and determine what 
stage it has reached, we presently know very little about 
what causes large nuclear size or what the consequences 
are for the cancer patient. Our lab studies nuclear size 
in the model organism Xenopus (African clawed frog). 
Similar systems regulate cell growth in humans and 
frogs. In fact, proteins from human cells often work in 
frog cells. Xenopus research has been important in study-
ing cancer as well as congenital heart disease, progeria, 
and Fanconi anemia, to name a few. To translate our 
findings in Xenopus to humans, we propose to directly 
alter nuclear size in cancer cells. To our knowledge for 
the first time, we will directly test if reducing the size 
of the nucleus slows cancer cell growth and metastatic 
potential. Our studies should shed light on how nuclear 
size contributes to cancer development and progression.

Objectives
The objective of this study is to use information we have 
gained from the Xenopus system about mechanisms 
of nuclear size control to test if reducing nuclear size 
in human cancer cells affects their growth properties. 
Importantly, these basic studies in cell biology should 
provide the necessary information to develop novel 
methods to control cancer.

Materials and Methods
We previously identified a protein involved in nuclear 
transport (NTF2) that regulates nuclear size in 
Xenopus. To examine if NTF2 levels change during 
cancer progression, we obtained a melanoma tissue 
microarray (ME1004c, US Biomax Inc.) and measured 

NTF2 levels by immunohistochemistry. To test the 
effect of NTF2 expression on nuclear size, we (1) tran-
siently transfected (the process of deliberately intro-
ducing nucleic acids into cells) two primary human 
melanoma cell lines (WM3211 and WM35) with an 
NTF2 expression plasmid; and (2) quantified the effects 
on nuclear size using a Hoechst stain, which is part of a 
family of blue fluorescent dyes used to stain DNA.

Results and Discussion
We found that nuclei in melanoma cells are larger than 
nuclei found in benign nevi (an atypical mole) (Figure 
1). Nuclear enlargement in melanomas correlated with a 
reduction in NTF2 expression levels (Figure 1), consis-
tent with our data in Xenopus showing that NTF2 
levels negatively regulate nuclear size. Transient over-
expression of NTF2 in two different primary melanoma 
cell lines led to a reduction in nuclear size (Figure 2). 
These data indicate that NTF2 may be a novel cancer 
biomarker and potential therapeutic target. Future 
studies will address whether reducing nuclear size in 
melanoma cells impacts cell proliferation, apoptosis (the 
death of cells), and cell migration.
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Figure 1. Nuclear size increases and NTF2 expression decreases in melanoma. Nuclear cross-sectional 
areas and NTF2 staining intensities were measured from a melanoma tissue microarray (ME1004c, US 
Biomax Inc.). One representative image each of a nevus (i.e., benign melanocytic proliferation) and a 
melanoma (i.e., primary malignant melanocytic lesion) is shown, and representative nuclei are indicated 
with arrows. The left graph shows average nuclear areas for 12 nevi and 12 melanomas. The right graph 
shows the average NTF2 staining intensities for those same samples. Error bars are SD.  
* p<0.05, *** p<0.001.

Figure 2. NTF2 overexpression decreases nuclear size in melanoma cell lines. Primary radial growth 
phase melanoma cell lines (WM3211 and WM35) were transiently transfected with plasmids expressing 
mCherry alone as a control or mCherry-NTF2. Forty-eight hours after transfection, cells were fixed and 
stained with Hoechst. Representative images are shown. Nuclear cross-sectional areas were quantified 
from Hoechst-stained cells that were identified as being transfected by mCherry expression. For each 
bar, the cross-sectional areas of 88–223 nuclei were measured and averaged. Error bars are SD.  
*** p<0.001. 


