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SHORT ABSTRACT:  19 

This protocol enables the optimization and subsequent efficient generation of nuclear and 20 

cytoplasmic fractions from primary chronic lymphocytic leukemia cells. These samples are used 21 

to determine protein localization as well as changes in protein trafficking that take place between 22 

the nuclear and cytoplasmic compartments upon cell stimulation and drug treatment. 23 

 24 

LONG ABSTRACT: 25 

Nuclear export of macromolecules is often deregulated in cancer cells. Tumor suppressor 26 

proteins, such as p53, can be rendered inactive due to aberrant cellular localization disrupting 27 

their mechanism of action. The survival of chronic lymphocytic leukaemia (CLL) cells, among 28 

other cancer cells, is assisted by the deregulation of nuclear to cytoplasmic shuttling, at least in 29 

part through deregulation of the transport receptor XPO1 and the constitutive activation of PI3K-30 

mediated signaling pathways. It is essential to understand the role of individual proteins in the 31 

context of their intracellular location to gain a deeper understanding of the role of such proteins 32 

in the pathobiology of the disease. Furthermore, identifying processes that underlie cell 33 

stimulation and the mechanism of action of specific pharmacological inhibitors, in the context of 34 

subcellular protein trafficking, will provide a more comprehensive understanding of the 35 

mechanism of action. The protocol described here enables the optimization and subsequent 36 

efficient generation of nuclear and cytoplasmic fractions from primary chronic lymphocytic 37 

leukemia cells. These fractions can be used to determine changes in protein trafficking between 38 

the nuclear and cytoplasmic fractions upon cell stimulation and drug treatment. The data can be 39 

quantified and presented in parallel with immunofluorescent images, thus providing robust and 40 

quantifiable data.  41 

 42 

INTRODUCTION:  43 
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The transportation of macromolecules between the nucleus and cytoplasm has long been 44 

established to play a key role in normal cellular function and is often deregulated in cancer cells1,2. 45 

Such deregulation can result from overexpression/mutation of proteins that control nuclear 46 

export. One such protein Exportin-1 (XPO1), is a transport receptor that exports >200 nuclear 47 

export signal (NES)-containing proteins into the cytoplasm from the nucleus2. XPO1-cargos 48 

include contributing to their inactivation by inhibiting their 49 

mechanism of action1-3. Further protein mislocalization can occur when microenvironmental 50 

signals impinge upon the cancer cells, leading to the activation of intracellular signaling pathways 51 

such as the phosphatidyl-inositol-3-kinase (PI3K)/Akt pathway, resulting in inactivation of FOXO 52 

family members and subsequent export from the nucleus4,5. Such mislocalization of tumor 53 

suppressor proteins has been implicated in the progression of a number of hematological and 54 

solid tumors1,2,6. 55 

 56 

The development of small molecule inhibitors for clinical use in hematological malignancies 57 

(acute myeloid leukemia (AML)/CLL), which bind to and selectively inhibit XPO1 function, 58 

underlines the importance of developing appropriate techniques to address the impact of 59 

pharmacological agents on the shuttling of proteins between the nuclear and cytoplasmic 60 

compartments6-8. Imaging techniques have advanced significantly enabling the identification of 61 

proteins in subcellular compartments upon external stimulation of drug treatments, however, 62 

the importance of robust and supportive parallel techniques is critical to reliably inform a 63 

scientific audience of the validity of a result.  64 

 65 

Resting lymphocytes and malignant CLL-B cells isolated from patient blood samples represent a 66 

challenge in the generation of nuclear and cytoplasmic fractions due to the high nuclear: 67 

cytoplasmic ratio. The optimization of experimental conditions to generate robust and reliable 68 

experimental data is of course critical in order to plan future experimental programs. The method 69 

described here enables quantification of proteins in the nuclear and cytoplasmic fractions and 70 

determines how these proteins can be impacted by cellular stimulation and/or drug treatment. 71 

 72 

PROTOCOL: 73 

The use of primary samples from CLL patients described here have been approved by the West 74 

of Scotland Research Ethics Service, NHS Greater Glasgow and Clyde (UK) and all work was carried 75 

out in accordance with the approved guidelines. 76 

 77 

1. Isolation of CLL cells from patient blood samples 78 

 79 

1.1. Peripheral blood samples from previously consented CLL patients are received from the 80 

clinic in EDTA blood collection tubes, accompanied by the white cell count (WCC). Purify the 81 

peripheral blood CLL samples according to the WCC. For WCC < 40x106 cells/mL, proceed to step 82 

1.1.1; for WCC ≥ 40x106 cells/mL, proceed to step 1.1.2. 83 

 84 

1.1.1. Pour the contents of all the EDTA blood tubes into a 50 mL conical centrifuge tube and 85 

add 50 µL of Human B Cell Enrichment Cocktail per 1 mL of blood.  Incubate at room temperature 86 

(RT) for 20 min.  Proceed to step 1.1.2. 87 



 

  

 
 

 88 

1.1.2. Dilute the sample at a ratio of 1:1 with RT CLL wash buffer (phosphate-buffered salin 89 

(PBS), 0.5% Fetal Bovine Serum (FBS) and 2 mM EDTA). 90 

 91 

1.2. Aliquot RT density gradient media into an appropriately sized conical centrifuge tube for 92 

the sample (10 mL into a 50 mL tube for 30 mL of sample or 4 mL into a 15 mL tube for 10 mL of 93 

sample). 94 

 95 

1.3. Carefully layer the sample on top of the density gradient media and centrifuge at 400 x g 96 

for 30 min at RT.  97 

 98 

NOTE: Ensure that the centrifuge is at RT before the samples are placed in the centrifuge as a 99 

change in temperature will result in poor enrichment of mononuclear cells, and switch off the 100 

brake on the centrifuge, as sudden braking can disrupt the liquid interface. 101 

 102 

1.4. Gently harvest the white layer of mononuclear cells that collect at the interface of the 103 

density gradient media and CLL wash buffer, into a fresh 50 mL conical centrifuge tube using a 104 

plastic Pasteur pipette.  105 

 106 

1.5. Add 40 mL of CLL wash buffer to the isolated monolayer to wash the cells and centrifuge 107 

at 300 x g for 10 min at RT. 108 

 109 

1.6. Discard the supernatant, resuspend the pellet by flicking the bottom of the tube, then 110 

repeat the wash step described in step 1.5. 111 

 112 

1.7. Discard the supernatant, resuspend the pellet as described in step 1.6, then resuspend 113 

the pellet in a set volume of CLL wash buffer (up to 40 mL, depending on the size of the cell 114 

pellet). 115 

 116 

1.8. Count the cells using trypan blue and a haemocytometer. Then proceed to flow cytometry 117 

to check the purity of CLL cells.  118 

 119 

NOTE: At this stage the CLL cells can be cultured at a concentration of 10x106 cells/mL in media 120 

to be used in experiments, and/or cryopreserved in 10% dimethyl sulfoxide (DMSO)/FBS for 121 

future work at concentrations of up to 100x106 cells/vial. 122 

 123 

2. Flow cytometry of CLL cells 124 

 125 

2.1. Label 12x75 mm round bottomed polystyrene tubes as described in Table 1. 126 

 127 

2.2. In tubes 2 – 5, put one drop of compensation beads and store on ice. Add 1 µL of the 128 

appropriate antibody (anti-CD5, CD19, CD23 or CD45, as indicated in Table 1) to tubes 2 – 5, and 129 

incubate on ice for 20 min, protected from light by placing tin foil over the ice bucket.  130 

 131 



 

  

 
 

NOTE: These tubes serve as compensation controls for setting up the flow cytometry template. 132 

 133 

2.3. Put up to 1x106 CLL cells into tubes 1, 6 and 7, add 2 mL of FACS buffer (PBS + 2% FBS) to 134 

each tube and centrifuge at 300 x g for 5 min at RT to wash the cells. Discard the supernatant and 135 

store the tubes containing cell pellets on ice.   136 

  137 

2.3.1. Resuspend the cell pellets and add the appropriate combination of antibodies to the cells 138 

in tube 7 as instructed in Table 1, in a final volume of 100 µL with FACS buffer. Antibodies are 139 

used at an appropriate concentration according to the manufacturer guidelines.  140 

 141 

2.3.2. Resuspend the cell pellets in tubes 2 and 6 in 100 µL of FACS buffer. 142 

 143 

2.3.3. Incubate the cells on ice, alongside the stained beads in tubes 2 – 5, protected from light 144 

for 20 min.   145 

 146 

2.4. After the incubation, add 2 mL of FACS buffer to all the tubes and centrifuge at 300 x g 147 

for 5 min at RT to wash the cells. Discard the supernatant and resuspend the bead/cell pellets by 148 

gently flicking the tubes. 149 

 150 

2.5. Resuspend tubes 1 - 5 in 100 µL of FACS buffer and place on ice until ready to analyze on 151 

the flow cytometer. 152 

 153 

2.6. Dilute the DAPI solution to 0.05-0.2 µg/mL in FACS buffer immediately prior to use. The 154 

optimal concentration may vary, and titration is recommended. 155 

 156 

2.7. Resuspend tubes 6 and 7 with 100 µL of diluted DAPI solution and incubate the tubes on 157 

ice for a minimum of 5 min to allow the cells to stain.  158 

 159 

NOTE: No further washing is necessary as DAPI must be present in the buffer for dead cells to 160 

remain labelled.  Once DAPI has been added, cells must be analyzed on the flow cytometer within 161 

4 h. 162 

 163 

2.8. Analyze cells using a flow cytometer. 164 

 165 

3. Preparation of subcellular fractions from CLL cells. 166 

 167 

NOTE: When planning the experimental set-up, include a well of unstimulated/untreated cells 168 

from which the whole cell extract can be generated. 169 

 170 

3.1. Perform the desired stimulation and/or drug treatment of the MEC1 CLL cell line or 171 

isolated primary CLL cells using 10 – 20x106 cells/condition. Cells will then be used for subcellular 172 

fractionation (steps 3.4 & 3.5) or to generate whole cell extract (step 3.6). 173 

 174 

3.2. Preparation of solutions/tubes: Prepare all solutions/buffers freshly on the day of the 175 



 

  

 
 

fractionation, before the cells are harvested. Store the solutions on ice until required and use 176 

within 4 h of preparation. 177 

 178 

3.2.1. PBS/phosphatase inhibitor solution: Prepare the phosphatase inhibitors in PBS by diluting 179 

the phosphatase inhibitors 1:20 in 1x PBS (i.e., 0.5 mL of phosphatase inhibitors in 9.5 mL of 1x 180 

PBS).  181 

 182 

NOTE: Ensure the phosphatase inhibitors have not precipitated. If a precipitate is present, heat 183 

to 50 °C for 10 min.  184 

 185 

3.2.2. Hypotonic buffer: Prepare 1x hypotonic Buffer by making a 1:10 dilution of 10x hypotonic 186 

buffer in distilled water (i.e., 50 μL of 10x hypotonic Buffer into 450 μ L of dH2O). 187 

 188 

3.2.3. 10 mM dithiothreitol (DTT): Prepare 10 mM DTT by making a 1:100 dilution of 1M DTT 189 

with distilled water (i.e., 10 μL of 1 M DTT in 990 μL of dH2O).  190 

 191 

NOTE: DTT is highly labile so prepare this freshly each time. Avoid repeated freeze/thaw cycles. 192 

 193 

3.2.4. Complete lysis buffer: Determine how much buffer is required for each experiment.  Each 194 

sample requires 50 μL of complete lysis buffer, so add 5 μL of 10 mM DTT (step 3.2.3) to 44.5 μL 195 

of lysis buffer and then add 0.5 μL of protease inhibitor cocktail. This amount can be scaled up 196 

depending on the number of samples in the experiment. 197 

 198 

3.2.5. Label four sets of 1.5 mL microfuge tubes for each stimulation and/or drug treatment for 199 

the freshly stimulated cells (step 3.3), the freshly generated cytoplasmic fractions (step 3.4.3), 200 

the freshly generated nuclear fractions (step 3.5.3), and the whole cell lysates (step 3.6.3). Pre-201 

chill these microfuge tubes on ice until required. 202 

 203 

3.3. Transfer the cells into individually labelled 1.5 mL microfuge tubes and pellet by 204 

centrifuging at 200 x g for 5 min at 4 °C. Remove the supernatant and resuspend the cells in 1 mL 205 

of ice-cold PBS/phosphatase inhibitors (step 3.2.1). Pellet the cells by centrifugation at 200 x g 206 

for 5 min at 4 °C. Remove the supernatant and keep the cell pellets on ice. 207 

 208 

3.4. Preparation of cytoplasmic fractions: Gently resuspend the cell pellets to be used for 209 

subcellular fractionation in 50 L of 1x hypotonic Buffer (step 3.2.2). Incubate the cells on ice for 210 

15 min to allow the cells to swell. 211 

 212 

NOTE: The volume of hypotonic buffer used can be increased empirically depending on the cell 213 

number.  214 

 215 

3.4.1. Add 0.8 - 2.5 L (1:20 to 1:60) of detergent into each sample and vortex on the highest 216 

setting for 10 s. 217 

 218 

3.4.1.1. To determine the optimal concentration of detergent to use for a specific cell type to 219 



 

  

 
 

isolate nuclear and cytoplasmic fractions, perform a detergent gradient initially. A range of 1:20 220 

to 1:60 (i.e., 2.5 L to 0.8 L of detergent into 50 L of Hypotonic Buffer) should be adequate.  221 

 222 

NOTE: If the volume of hypotonic buffer in step 3.4 is adjusted, ensure the appropriate detergent 223 

ratio is maintained. 224 

 225 

3.4.1.2. Verify cell lysis by observing cells using a phase contrast microscope before and after 226 

addition of detergent. Whole cells appear larger with a dense, dark nucleus.  The cytoplasm will 227 

appear as a bright halo around the nucleus.  228 

 229 

NOTE: Appropriate lysis is further confirmed by using Western blotting to analyze specific 230 

proteins within the lysed fractions generated from the detergent gradient. 231 

 232 

3.4.2. Once lysed, centrifuge the samples at 14,000 x g for 30 s at 4 °C.  233 

 234 

3.4.3. Carefully transfer the supernatant into a pre-chilled, labelled microfuge tube. This 235 

cytoplasmic fraction can be stored at -80 °C until required for further analysis. The remaining 236 

pellet contains the nuclear fraction (step 3.5). 237 

 238 

NOTE: Avoid repeated freeze/thaw cycles of the samples.  239 

 240 

3.5. Preparation of nuclear fractions: Resuspend each nuclear pellet in 50 L of complete lysis 241 

buffer (step 3.2.4) by pipetting up and down.  242 

 243 

NOTE: The volume of complete lysis buffer can be adjusted empirically according to the starting 244 

cell number. 245 

 246 

3.5.1. Add 2.5 L of detergent to solubilize proteins associated with the nuclear membrane and 247 

vortex on the highest setting for 10 s. Incubate the samples on ice for 30 min. 248 

 249 

3.5.2. Vortex on the highest setting for 30 s, then centrifuge the samples at 14,000 x g for 20 250 

min at 4 °C. 251 

 252 

3.5.3. Transfer the supernatant into a pre-chilled, labelled microfuge tube. This nuclear fraction 253 

can be stored at -80 °C until required for further analysis.  254 

 255 

NOTE: Avoid repeated freeze/thaw cycles of the samples. 256 

 257 

3.6. Preparation of whole cell lysates (WCL) from CLL cells  258 

 259 

NOTE: The preparation of the whole cell extract can be carried out at the same time as the 260 

preparation of the nuclear fractions (step 3.5). 261 

 262 

3.6.1. Resuspend the whole cell extract pellets in 100 L of complete lysis buffer (prepared in 263 



 

  

 
 

step 3.2.4) by pipetting up and down, then add 5 L of detergent to ensure complete cell lysis. 264 

Incubate the samples on ice for 30 min. 265 

 266 

3.6.2. Vortex on the highest setting for 30 s, then centrifuge the samples at 14,000 x g for 20 267 

min at 4 °C. 268 

 269 

3.6.3. Transfer the supernatant into a pre-chilled microfuge tube. This whole cell lysate can be 270 

stored at -80 °C until required for further analysis.  271 

 272 

NOTE: Avoid repeated freeze/thaw cycles of the samples. 273 

 274 

4. Downstream analysis of subcellular fractions 275 

 276 

NOTE: In this protocol, analysis of the generated cell fractions was carried out by Western blotting 277 

using standard protocols, loading equal cell numbers/lane (equivalent to ~10 µg of protein) for 278 

nuclear and cytoplasmic fractions. 279 

 280 

4.1. Quantification of protein trafficking between nuclear and cytoplasmic fractions: 281 

Perform quantitative Western blot analysis through quantitation of signal intensity, or 282 

densitometry using freely available Western blot analysis software.  283 

 284 

4.2. Importing images: Western blot images generated from different developing instruments 285 

must be imported as JPG, PNG or TIFF files. A 16-bit depth RAW file is recommended. To import 286 

an image, click the software icon and hover over Import. Then click Third-Party Images. Select 287 

the image file and click Open.  288 

 289 

4.3. Displaying the image: In the Image ribbon, click on the Choose button in the Display 290 

group. The Adjust Display dialog will open to enable further adjustments if necessary. Implement 291 

additional enhancements including Brightness or Contrast using the adjustable sliders on the 292 

Image LUTs tab. Use the Curves tab for finer adjustments. 293 

 294 

4.4. Data analysis (channel deselection): Click the Analysis ribbon. To analyze only one 295 

channel, deselect the channel(s) not being analyzed. Click on a channel’s Don’t Show Channel 296 

thumbnail in the Image LUTs, leaving only the desired channel displayed. Images imported as 297 

JPG, PNG or TIFF files may require deselection of multiple unwanted RGB channels. 298 

 299 

4.4.1. Adding shapes: To quantify signal intensity, click Add Rectangle to add a rectangle to the 300 

image. Click the center of a feature (e.g., a protein band) to place a rectangle around it. 301 

Alternatively, to manually draw a shape, choose Draw Rectangle. After adding all the desired 302 

shapes, click Select to return the cursor to the selection tool.  303 

 304 

NOTE: Add multiple shapes in a logical order, as the data is sorted by an ID number that is 305 

generated sequentially.  306 

 307 



 

  

 
 

4.4.2. Background subtraction: To subtract background noise, click the first button in the 308 

Background group and select Median from the drop-down menu. Set the border width to 3 in 309 

the Background dialogue and select the segments to be used for the background calculation. 310 

When choosing which segments to use, select segments that best represent the image 311 

background. 312 

 313 

NOTE: Background noise can affect signal quantification, so it must be subtracted to accurately 314 

calculate signal from the shapes of interest. 315 

 316 

4.4.3. Trim Signal and Trim Background - OPTIONAL: Files imported in JPG, PNG or TIFF formats 317 

may exhibit pixel saturation: highlighted/bright regions within a protein band. Trim Signal and 318 

Trim Background (Bkgnd) removes saturated pixels from analysis. To view these values, add Trim 319 

Signal and Trim Bkgnd to a table by clicking on the Columns button to the right of the table view.  320 

 321 

NOTE: Pixel saturation may lead to unreliable quantification. Saturated pixels can only be 322 

removed if fewer than 5% of pixels within a shape are saturated. 323 

 324 

4.5. Export Data: Click the Shapes tab above the table. For densitometry, values in the Signal 325 

column are required. Signal is the sum of the pixel intensity values (Total) for a shape minus the 326 

product of the Bkgnd and the Area. Click the Report button. Click Save As or Launch Spreadsheet. 327 

Signal = Total – (Bkgnd x Area) 328 

 329 

NOTE: The shapes tab provides a table of quantitative values including Signal, Total, Area and 330 

Bkgrnd. 331 

 332 

4.6 Quantifying protein expression: Within the saved spreadsheet, calculate normalized 333 

expression of the protein of interest for each lane or variable by dividing the obtained Signal for 334 

the protein of interest by the Signal for the corresponding protein loading control band.  335 

 336 

NOTE: Comparisons between the amounts of a normalized protein of interest across nuclear and 337 

cytoplasmic fractions cannot be directly compared because of the different loading controls used 338 

to distinguish nuclear and cytoplasmic fractions. However, comparisons within individual 339 

fractions, e.g. following drug treatment, are appropriate. 340 

 341 

4.7 Export image for publication or presentation: Click the Images tab found above the table 342 

and then click on the image to be exported. If using the image for a slide presentation or other 343 

digital formats, click the software icon, hover over Export and click on Image for Digital Media. 344 

Save the image as a JPG, PNG or TIFF file, as required. 345 

 346 

REPRESENTATIVE RESULTS:  347 

When planning experiments on primary CLL cells, if assays require a large number of cells 348 

(>50x106 cells), there is a preference to use freshly isolated CLL cells, rather than cryopreserved 349 

cells that require thawing, however this is not always possible. This is because the freeze/thaw 350 

process can result in the death of up to 50% of the CLL cells, although this is sample dependent. 351 



 

  

 
 

Enrichment of CLL cells with a WCC >40x106/mL using density centrifugation as described here 352 

(steps 1.3 – 1.5) enables a high cell recovery with high purity (≥ 95%) of primary CLL cells. In the 353 

sample shown, the WCC = 177x106/mL: from a 30 mL blood sample 5 x 109 cells were recovered, 354 

which represents a cell yield of 94% of total cells. Analysis of this sample by flow cytometry 355 

revealed a purity of CLL cells of >95% as indicated by the dual surface expression of CLL cell 356 

markers CD19 and CD5 after gating on FSC/SSC, single cells that were DAPI negative (viable cells) 357 

(Figure 1).  358 

 359 

Optimization of the subcellular fractionation procedure was carried out using a range of 360 

detergent ratios (1:20 to 1:60) during the preparation of the cytoplasmic fraction (step 3.4).  361 

Thereafter, the nuclear fractions and WCLs were prepared (steps 3.5 and 3.6 respectively). 362 

Immunoblots were performed on the resultant fractions of the CLL cell line MEC1 (Figure 2A) and 363 

primary CLL cells (Figure 2B). The blots were probed for the fraction markers Lamin A/C (nuclear; 364 

74/63 kDa) and β-tubulin (cytoplasmic; 55 kDa) to confirm successful cell fractionation. The 365 

fractionation indicates that the optimal detergent level for MEC1 cells is a 1:60 dilution (Figure 366 

2A), compared with a 1:30 dilution being optimal for primary CLL cells (Figure 2B), as indicated 367 

by an enrichment of nuclear protein and a lack of cytoplasmic protein in the fractions and vice 368 

versa. WCLs represent the total protein and act as a positive control for antibodies used to probe 369 

the subcellular fractions. It is important to choose appropriate proteins as fraction markers: 370 

Figure 2C shows immunoblots of nuclear/cytoplasmic fractions prepared from MEC1 cells in 371 

which RNA polymerase II (Rpb1 CTD; 250 kDa) and Lamin A/C were blotted as markers of nuclear 372 

fractions, while β-tubulin and γ-tubulin (50 kDa) were used as cytoplasmic markers. It is clear that 373 

γ-tubulin is enriched in the cytoplasm however expression is evident in the nucleus, as shown 374 

previously9. 375 

 376 

Once experimental conditions are optimized, an experiment can be performed. In the examples 377 

shown, the subcellular localization of FOXO1 in nuclear and cytoplasmic fractions was 378 

determined upon stimulation of cells with the B cell antigen receptor (BCR) in the presence or 379 

absence of the dual mTORC1/2 inhibitor AZD8055, in MEC1 cells (Figure 3A) and primary CLL cells 380 

(Figure 3B)5,10. In both examples, the generation of highly enriched nuclear and cytoplasmic 381 

fractions was achieved as indicated by the almost exclusive expression of Lamin in the nuclear 382 

fraction and β-tubulin in the cytoplasmic fractions. In both cell types, FOXO1 expression was 383 

reduced in the cytoplasm following treatment with AZD8055 compared to NDC, accompanied by 384 

an increase of FOXO1 expression in the nuclear compartment, thus demonstrating protein 385 

translocation (Figure 3). To remove the subjectivity of data interpretation, individual 386 

immunoblots from five primary CLL samples were quantified within subcellular fractions (step 4; 387 

Figure 4A), using the respective nuclear or cytoplasmic proteins as internal loading controls for 388 

each sample, and then normalizing each fraction to the unstimulated (US) no drug control (NDC) 389 

control, as indicated. The resultant graph shows trends of FOXO1 movement between the 390 

nuclear and cytoplasmic fractions, with AZD8055 reducing the levels of FOXO1 expression in the 391 

cytoplasm, while concurrently increasing expression in the nucleus. Furthermore, an elevation in 392 

cytoplasmic FOXO1 expression is evident upon BCR crosslinking.  393 

 394 

FIGURE AND TABLE LEGENDS:  395 



 

  

 
 

Table 1.  Table showing the ideal set of sample tubes required for flow cytometry of CLL cells. 396 

Each experiment must include all the appropriate controls for accurate analysis of the results 397 

obtained. 398 

 399 

Figure 1: Representative flow cytometry analysis plot of enriched CLL patients.  Mononuclear-400 

CLL cells enriched from the peripheral blood of an individual CLL patient were gated using FSC-A 401 

vs. SSC-A, and doublets were then excluded using FSC-A vs. FSC-H (A).  Unstained cells (tube 1) 402 

and compensation controls (tubes 2-6) were used to set up the flow cytometer to detect cells 403 

and compensate between the fluorescent channels, thus ensuring that the fluorescence signals 404 

were detected correctly. (B) An example of negative staining (unstained cells; tube 1) in the CD19 405 

and CD5 fluorescence channels.  Live (DAPI negative) and CD45 positive cells were gated (C) and 406 

the proportion of CD19+CD5+ (95.5%) and CD19+CD23+ (91.2%) cells within the DAPI-CD45+ 407 

population was determined (D). 408 

 409 

Figure 2: Optimization of nuclear/cytoplasmic fractionation. Cytoplasmic and nuclear fractions, 410 

and whole cell lysates (WCL), were prepared from cell pellets (10 – 20x106 cells) of the CLL cell 411 

line (A) MEC1 or (B) primary CLL cells enriched from the peripheral blood of patients as described 412 

in Step 3. Optimization of the subcellular fractionation was carried out by using a range of 413 

detergent ratios (1:20 to 1:60) when preparing the cytoplasmic fraction (as described in step 3.4).  414 

The resultant samples were immunoblotted and probed with anti-Lamin A/C (nuclear) and anti-415 

β-tubulin (cytoplasmic) antibodies to confirm successful cell fractionation alongside WCL. 416 

Molecular weight markers are shown on the left of the blot (M). * indicates the optimal detergent 417 

conditions for cell lysis. (C) Immunoblot of nuclear and cytoplasmic fractions from MEC1 cells 418 

with control conditions (NDC) or drug treatment (8055) in the presence of absence of stimulation 419 

(+ or – BCR crosslinking respectively).  Blots were probed with anti-Rbp1 CTD (clone 4H8; 420 

recognizing RNA polymerase II subunit B1), anti-Lamin A/C, anti-β-tubulin or anti-γ-tubulin (clone 421 

GTU-88) antibodies, to identify subcellular fractions. 422 

 423 

Figure 3: Subcellular fractionation demonstrates the shuttling of FOXO1 between the nucleus 424 

and cytoplasm in CLL. (A) MEC-1 cells and (B) primary CLL cells were pre-treated for 30 min with 425 

100 nM AZD8055 (8055) or left untreated (NDC) as indicated and then BCR was ligated for 1 h or 426 

left US. Nuclear and cytoplasmic fractions were then prepared and immunoblotted. Following 427 

confirmation of fractionation by probing with anti-Lamin A/C (nuclear) and anti-β-tubulin 428 

(cytoplasmic) antibodies, the effect of both drug treatment and BCR ligation was assessed on 429 

FOXO1 protein expression, using an anti-FOXO1 antibody. M indicates molecular weight marker. 430 

 431 

Figure 4: A worked example of quantitative Western blot analysis (densitometry). (A) 432 

Densitometry was performed using Western blot analysis software available online. Briefly, 433 

within the Analysis ribbon, rectangles were drawn around protein bands in the image to calculate 434 

signal intensity. Depicted is densitometry of a representative Western blot image of a CLL patient 435 

sample that underwent cytoplasmic/nuclear fractionation. Cytoplasmic and nuclear fractions are 436 

distinguished by the expression of cytoplasmic (β-tubulin) and nuclear (Lamin A/C) markers. 437 

Normalized expression of FOXO1 for a given condition can be calculated by dividing the signal 438 

obtained for FOXO1 by the corresponding signal for β-Tubulin or Lamin A/C, depending on the 439 



 

  

 
 

fraction being analyzed. Relative FOXO1 expression (relative to US vehicle control), can be 440 

calculated by dividing normalized FOXO1 expression of a given condition by the normalized 441 

FOXO1 expression of the US vehicle control of a given cellular fraction. (B) Graph showing the 442 

FOXO1 expression levels in the cytoplasmic (left) or nuclear (right) fractions normalized to US-443 

NDC control within each cellular fraction. The red dot on the graph is the worked example shown. 444 

This data shows the average fold change in FOXO1 expression compared to US-NDC ± SEM. P 445 

values were determined by two-tailed Students paired t test. n=5 individual CLL patient samples. 446 

 447 

DISCUSSION:  448 

The protocol described provides a fast and efficient method for the generation of nuclear and 449 

cytoplasmic fractions from primary CLL cells, and subsequent quantification of protein trafficking 450 

between the nuclear and cytoplasmic fractions upon cell stimulation and drug treatment. The 451 

data presented demonstrates the ability to detect trafficking of specific proteins, for example, 452 

FOXO1, between the nuclear and cytoplasmic fractions, upon treatment with a dual mTOR 453 

inhibitor AZD8055 in the presence/absence of BCR crosslinking through F(ab’)2 fragment 454 

stimulation (Figure 3 and Figure 4). Coupling these experiments with quantification of Western 455 

blots from individual CLL patient samples, enables objective analyses of the data generated and 456 

demonstrates the robustness of the assay described to quantify global changes in protein 457 

localization in CLL cells isolated from patient cohorts (Figure 4). It is clear from the data that an 458 

average of five patient samples in the cytoplasmic fractions reached near significance. Given the 459 

clinical heterogeneity of CLL patients11, these analyses would ordinarily be carried out on bigger 460 

patient cohorts, and/or focused on specific prognostic subgroups of patients to gain a fuller 461 

understanding of the cellular response of CLL cells to specific drug treatments.  462 

 463 

The data presented demonstrate the importance of choosing protein markers that exclusively 464 

reside in either the cytoplasmic or nuclear fractions, as the purity of the fractionation will be 465 

confirmed by these markers. β-tubulin was chosen for cytoplasmic fraction confirmation, and 466 

Lamin A/C as a nuclear marker.  Additional proteins commonly used are GAPDH and α-tubulin to 467 

identify the cytoplasmic fraction or Brg1 (SMARCA4), TFIID and RNA Polymerase II for nuclear 468 

fraction purity4,5. However, care must be taken when choosing proteins that are highly enriched 469 

in specific fractions, and not present in both fractions (e.g., -tubulin) (Figure 2C)9. Indeed, 470 

GAPDH and actin while generally considered to be cytoplasmic proteins can localize to the 471 

nucleus12,13, highlighting the importance of choosing a fraction marker that does not relocate 472 

when stimulation or treatment is applied to the cells. Furthermore, it is important to confirm that 473 

the protein marker chosen is expressed in the cell of interest by running the WCL alongside the 474 

subcellular fractionations. 475 

 476 

In the representative experiment shown, the same number of CLL cells was used for each 477 

condition (stimulation/drug treatment), and thereafter the fractionation samples were prepared 478 

immediately. Loading 10 µg of fractionated protein/lane provides sufficient material for 479 

detection of the proteins of interest. As these samples only underwent a short-term drug 480 

treatment and stimulation (up to 4 h), it was assumed that the protein level would remain the 481 

same in each sample, and a protein assay was not performed. However, if cell treatments are 482 

extended (18 - 72 h), the level of cell death or proliferation in cells may significantly alter the 483 



 

  

 
 

quality and quantity of protein extracted, dependent on the drug/cell stimulation applied, thus 484 

altering protein levels in the treated/stimulated samples. In these cases for longer term drug 485 

treatments, it is advisable to carry out protein quantification using a Bradford assay or equivalent, 486 

prior to Western blotting to ensure the same amount of protein is run in each lane of the 487 

immunoblot. The presence of detergents may interfere with specific protein assays14, this 488 

interference can be reduced by diluting cell fraction protein samples.  In addition, use the 489 

complete lysis buffer as the blank, using the same dilution as in the samples being tested. 490 

 491 

To provide supporting evidence for findings described here, parallel experiments could be 492 

performed using fluorescence microscopy to analyze the location of FOXO1 within CLL cells to 493 

enable visualization of these findings5. Furthermore, the subcellular fractions generated can also 494 

be used for enzyme activity assays or proteomics analysis in further downstream analyses. 495 

 496 
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Tube Tube Name Cells/Beads Antigen Fluorophore

1 Unstained Cells NA NA

2 Single Stain Beads CD5 FITC

3 Single Stain Beads CD19 PE-Cy7

4 Single Stain Beads CD23 APC

5 Single Stain Beads CD45 APC-Cy7

6 Single Stain Cells Viability DAPI

7 CLL Stain Cells
CD5, CD19, CD23, 

CD45 & viability

FITC, PE-Cy7, APC, 

APC-Cy7 & DAPI

Table 1. Table showing the ideal set of sample tubes required for flow cytometry  

of CLL cells. Each experiment must include all the appropriate controls for 

accurate analysis of the results obtained.
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Table 1. Table showing the ideal set of sample tubes required for flow cytometry  



Name of Material/ Equipment Company
Catalog 

Number

1.5 mL microcentrifuge Tubes Griener Bio one 616201

3 mL Pasteur Pipettes Griener Bio one 612398

12 mm x 75 mm FACS Tubes Elkay 2052-004

15 mL Tube Griener Bio one 188271

50 mL Tube Griener Bio one 227261

anti-CD5 FITC antibody BD Biosciences 555352

anti-CD19 PE Cy7 antibody BD Biosciences 557835

anti-CD23 APC antibody BD Biosciences 558690

anti-CD45 APC Cy7 antibody BD Biosciences 557833

anti-β-Tubulin antibody Cell Signaling 2146

anti-γ-Tubulin Mouse antibody (clone GTU-88) Sigma-Aldrich T5326

anti-FoxO1 (C29H4) Rabbit antibody Cell Signaling 2880

anti-Lamin A/C antibody Cell Signaling 2032

anti-mouse IgG, HRP-linked Antibody Cell Signaling 7076

anti-rabbit IgG, HRP-linked Antibody Cell Signaling 7074

anti-Rpb1 CTD antibody (clone 4H8) Cell Signaling 2629

BDFACS Canto II BD Biosciences By Request

DAPI Solution BD Biosciences 564907

DMSO Sigma D2650

EDTA Sigma EDS

Fetal Bovine Serum Thermofisher 10500064

GraphPad Prism 6 GraphPad Software

Histopaque1077 density gradient media Sigma H8889

HyperPAGE 10 - 190 kDa protein marker Bioline BIO-33066

Image Studio Lite (version 5.2.5) LI-COR www.licor.com

Labnet VX100 Fisher Scientific

Nucelar Extract Kit Active Motif 40010

OneComp eBeads Thermofisher 01-111-42

Trypan Blue Solution Thermofisher 15250061

PageRuler Plus Prestained Protein Ladder Thermo Fisher Scientific 26619

Table of Materials Click here to access/download;Table of Materials;ToM.xlsx

http://www.licor.com/
https://www.editorialmanager.com/jove/download.aspx?id=1084396&guid=7161a0be-1f49-443a-80cd-a7a26017cc6c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1084396&guid=7161a0be-1f49-443a-80cd-a7a26017cc6c&scheme=1


PBS Tablets Fisher Scientific BR0014G

RosetteSep Human B Cell Enrichment Cocktail Stem Cell Technologies 15064

Sigma 3-16P SciQuip

Sigma 1-15PK SciQuip



Commen
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phenotypic surface marker

phenotypic surface marker

phenotypic surface marker

phenotypic surface marker
cytoplas

mic 

marker

nuclear 

marker
Secondar

y 

antibody
Secondar

y 

antibody
nuclear 

marker
Flow Cytometer

live/dead 

discrimin

ator

Software

Molecular weight marker

Software

Vortex

Molecular weight marker



Centrifuge

Centrifuge



Author License Agreement (ALA) Click here to access/download;Author License Agreement
(ALA);JOVE ALA OA.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1083641&guid=d25334ea-17a5-4ee9-ae3a-f775fdeaa0aa&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1083641&guid=d25334ea-17a5-4ee9-ae3a-f775fdeaa0aa&scheme=1






Rebuttal: JoVE60426 R1 
 
Editorial comments: 
The manuscript has been modified and the updated manuscript, 60426_R1.docx, is attached 
and located in your Editorial Manager account. Please use the updated version to make your 
revisions. 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 
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