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Allison Diamond 
Associate Editor, Journal of Visualized Experiments (JoVE) 
 
Dear Ms. Diamond,  
Enclosed is a manuscript by Crowe, Bitto, Bhat, Johnson, Trojanowski, Sell and myself 
entitled: "Identification of cells with markers of cellular senescence in human formalin-fixed, 
paraffin-embedded brain tissue sections”.  
 
Recently we demonstrated for the first time the presence of senescent astrocytes in human 
brain, during aging and as component of the brain of patients suffering from Alzheimer’s 
disease (Bhat et al. 2012, PLoS One. 2012;7(9):e45069). We have proposed that the presence 
of senescent astrocytes contributes to the pathogenesis of AD and may represent a link 
between the aging process and progression of the disease. In previous studies, we identified 
p16INK4a as a major protein up-regulated during astrocyte senescence (Bitto et al., Exp Cell 
Res. 2010:2961-8), and we have used this marker to identify senescent astrocytes in the 
archived postmortem human brain. In the manuscript, we describe the protocol for the 
detection of p16INK4a-positive astrocytes by double immunofluorescence in human formalin-
fixed, paraffin-embedded brain sections. The protocol involves several stages including tissue 
preparation, immunological detection, imaging and quantitation; and we feel that the 
opportunity to methodologically illustrate and accurately evaluate senescent cells in human 
brain tissue fits with JoVE’s aims and unique multimedia format.   
 
Senescent cells have been shown to accumulate in human tissues during aging and to 
underlie aging-related disease phenotypes; however, little information is available regarding the 
detection of senescent cells in human brain tissue. Therefore, we believe that a method to 
identify and evaluate the proportion of senescent astrocytes in human brain tissues could serve 
as the basis for investigating the consequences of their presence in a diverse set of pathological 
brain conditions. 
 
Author contributions: protocol design and standardization EPC, AB, RB, CT. Data analysis: 
EPC, AB, FBJ, JQT, CS, CT. Manuscript writing: EPC, AB, CT. 
 
I hope you will find our manuscript suitable for publication in JoVE. 
Best regards, 
 

 
Claudio Torres, Ph.D. 
Assistant Professor 

Cover Letter



Identification of Cells with Markers of Cellular Senescence in Human 

Formalin-fixed, Paraffin-embedded Brain Tissue Sections 

Elizabeth P. Crowe1*, Alessandro Bitto1*, Rekha Bhat1, Frederick Bradley Johnson2, 

John Q. Trojanowski2, Christian Sell1 and Claudio Torres1 

1Drexel University College of Medicine, Department of Pathology and Laboratory 

Medicine, 245 N 15th street, Philadelphia, PA 19102 

2University of Pennsylvania School of Medicine, Department of Pathology and 

Laboratory Medicine, Philadelphia, PA 

Correspondence to: Claudio Torres at Claudio.Torres@drexelmed.edu 

* These authors contributed equally to this work 

Keywords 

Immunofluorescence, p16INK4A, brain, senescence, neuroscience, astrocytes, aging 

Short Abstract 

We describe an immunofluorescence procedure to detect markers of cellular 

senescence in human formalin-fixed, paraffin-embedded brain sections. In contrast to 

immunohistochemistry, immunofluorescence permits semi-quantitative measurements 

and multiple staining on the same slide, which allows detecting different cell types more 

rigorously and assessing the abundance of senescence markers more objectively. 

Long Abstract 

Cellular senescence is a terminal arrest in proliferation associated with aging and age-

related diseases. Senescent cells are characterized in vitro by several morphological 

and biochemical markers, such as flattened morphology, Senescence-Associated beta-

galactosidase activity, chromatin rearrangements, and expression of the cyclin-

dependent kinase-inhibitors p21 and p16INK4A. 

Here we describe a procedure to detect p16INK4A-positive cells by immunofluorescence 

on formalin-fixed, paraffin-embedded, human-brain specimens. Briefly, tissue slides are 

deparaffinated, rehydrated, and subjected to antigen-retrieval with standard 

immunohistochemistry procedures. The slides are then incubated with serum to block 

non-specific binding sites, and with primary antibodies against p16INK4A and a specific 

cell type marker. Finally, the slides are stained with fluorescently-conjugated secondary 

antibodies and counterstained with DAPI.  This technique has been used successfully to 

detect p16INK4A positive astrocytes in human brains, but can be easily applied to other 
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cell types, markers, and tissues, provided no cross-reactivity ensues between the 

antibodies. 

Our technique allows for the identification of subpopulations of senescent cells more 

rigorously than immunohistochemistry and enables the user to measure the abundance 

of a senescence marker semi-quantitatively. 

 

Introduction 

Cellular senescence is a terminal arrest in cell proliferation 1 in response to telomere 

attrition, DNA damage, oncogenic activation, and oxidative stress 2,3. Cells expressing 

markers of senescence have been found in vivo in skeletal muscle, lung and liver of old 

animals 4 and  recently we have demonstrated the presence of senescent astrocytes in 

human brain 5. Senescent cells contribute to the aging process and to the onset of age-

related pathologies by secreting several pro-inflammatory cytokines 6, a phenomenon 

known as Senescence-Associated Secretory Phenotype (SASP) 7. At the cellular level, 

senescence is characterized by several distinctive markers, such as senescence-

associated β-galactosidase activity 8, accumulation of heterochromatin protein 1 and of 

the histone variant macro H2A 9,10, secretion of interleukin 6 and matrix 

metalloproteinase 1 5,7, and increased expression of the cyclin-dependent kinase-

inhibitor p16INK4A. Although these markers are not exclusive to senescent cells, 

expression of p16INK4A is considered to be a robust indicator of cellular senescence in 

vivo 11  and has been used successfully in human specimens 5,11. p16INK4A-expressing 

cells appear to be a critical factor in age-related pathologies: p16INK4A-positive 

astrocytes accumulate in human brains affected by Alzheimer’s disease 5, and clearing 

p16INK4A-expressing cells delays aging in rodents 12. 

We describe here a method for detecting cells expressing p16INK4A in formalin-fixed, 

paraffin-embedded (FFPE), human-brain specimens by immunofluorescence 5. Our 

protocol offers several advantages in comparison to immunofluorescence on frozen 

sections or immunohistochemistry: i) it can be used on tissues from most pathology 

autopsy archives (we provide an example on frontal cortex autopsy-specimen archival-

tissue), ii) it is suitable for multiple staining on the same tissue slide, thus allowing 

discrimination between cell types based on the expression of specific cell markers, iii) it 

can be coupled with regular immunohistochemistry and thus with staining protocols 

clinically approved for diagnostic use. 

 

 



Protocol 

Human Subjects Ethics Statement 

This research was performed in compliance with and following approval by the 

Institutional Review Board at Drexel University College of Medicine (Protocol Number: 

18172), and the Institutional Review Board at University of Pennsylvania (Protocol 

Number: 180600). All tissue samples were de-identified and no protected health 

information was made available to the researchers; therefore, this protocol was 

approved as exempt study and consent was waived. 

1) Deparaffination and Rehydration of Tissue Sections 

Note: Once the protocol has been started, ensure that the slides are never allowed to 

dry out because this could interfere with quality of the staining. 

1.1) Deparaffinize tissue sections on glass slides by immersing slides into a glass dish 

filled with xylene for 5 minutes (CAUTION: Use only under a chemical fume hood, 

possible cancer hazard). Transfer slides to the next dish filled with fresh xylene and 

incubate for 5 minutes and repeat this step once more for a total of 3 incubations of 5 

minutes each. Keep track of how often the xylene in each container was used and 

properly discard of xylene after 3 uses.  

 Note: Set up and turn on heat steamer as described in point 2.2 

1.2) Transfer slides to the next dish filled with 100% alcohol (CAUTION: flammable) and 

wash for 5 minutes. Repeat once more with fresh 100% alcohol for a total of 2 X 5-

minute washes. 

1.3) Prepare 90% alcohol by diluting with deionized water (i.e. 90 ml of alcohol + 10 ml 

of deionized water). Incubate slides in 90% Reagent Alcohol for 5 minutes. Repeat once 

more with fresh 90% alcohol for a total of 2 X 5-minute washes. 

1.4) Prepare 80% alcohol by diluting with deionized water. Incubate slides in 80% 

alcohol for 5 minutes. Repeat once more with fresh 80% alcohol for a total of 2 X 5-

minute washes. 

1.5) Prepare 70% alcohol by diluting with deionized water. Incubate slides in 70% 

Reagent Alcohol for 5 minutes. Repeat once more with fresh 70% alcohol for a total of 2 

X 5-minute washes. 

1.6) Incubate slides in deionized water for 5 minutes. Repeat once more with fresh 

deionized water for a total of 2 X 5-minute washes. 

2) Antigen Retrieval  



2.1) Transfer slides to a horizontal slide holder filled with 10 mM citrate buffer pH 6.0. 

Equilibrate slides in this buffer for 5 minutes. Prepare 10 mM citrate buffer pH 6.0 by 

diluting from 100 mM stock of citrate buffer. For 1L of 100 mM citrate buffer stock pH 

6.0, dilute 21.01g of citric acid monohydrate (formula weight 210.14 g/mol) in distilled 

deionized water, bring the pH to 6.0 with a solution of NaOH, and then adjust the 

volume to 1L.   

2.2) Heat-steam slides in a covered dish filled with citrate buffer for 15-20 minutes 

depending on the degree of cross-linking of the tissue sample. Heat steamer (rice 

cooker) should be set-up and turned on during deparaffination steps by filling lower 

chamber approximately halfway with distilled water. 

2.3) Remove covered dish with slides in citrate buffer from heat (CAUTION: dish will be 

hot) and place on lab bench top for at least 30 minutes.  

2.4) Wash slides 2 X 5 minutes in 1X PBS 0.1% BSA solution. (For 1 L of 1X PBS-

0.1%BSA solution, add 1 g of bovine serum albumin (BSA) to 1 L of phosphate-buffered 

saline (1X PBS) and mix well to dissolve BSA).  

3) Blocking 

3.1) Prepare a humidified chamber by placing filter paper in the bottom of a plastic slide 

box and moistening with deionized water.  

3.2) Prepare blocking solution to a final concentration of 0.1% BSA (w/v) 0.25% Triton 

X-100 (v/v), 5% normal goat serum (v/v), and 5% normal donkey serum (v/v)  in 1X 

PBS.  The type of serum used in the blocking solution will depend on the species in 

which the secondary antibodies were raised (i.e. If using donkey anti mouse secondary 

antibody and goat anti rabbit secondary, block with donkey and goat serums 

simultaneously).   

3.3) Remove slides one at a time from the PBS-BSA wash and wipe away excess liquid 

from the back and edges of the slide. Avoid making any contact with the tissue section. 

3.4) Place slide in humidified chamber. Draw a hydrophobic border around the outside 

of the tissue section with a PAP pen. When circumscribing tissue area, ensure that area 

through which the line is drawn is completely dry; otherwise the border may be lost 

during immunostaining. Avoid putting too much pressure on the pen, which could result 

in excess solution being discharged onto the slide.  

3.5) Immediately add enough blocking solution to cover the tissue. Use approximately 

100-200 microliters per tissue section, depending on the surface area.  Avoid contacting 

the tissue section with the pipette tip. Repeat for all slides.   



3.6) Incubate slides with blocking solution for 90 minutes in the humidified chamber at 

room temperature.  

4) Immunoflourescence Staining with Two Primary Antibodies Simultaneously 

4.1) For immunostaining with more than one primary antibody simultaneously, (i.e. a 

senescence biomarker (mouse anti-p16INK4A) and a cellular biomarker (rabbit anti-GFAP 

(glial fibrillary acidic protein) to visualize astrocytes), dilute primary antibodies to desired 

final concentration in antibody dilution buffer consisting of 1X PBS, 0.1% BSA (w/v), and 

0.25% Triton X-100 (v/v) in the same 1.5 ml tube and mix well. See Discussion 

regarding selection of primary antibodies.  

4.2) Blot off blocking solution by pressing the edge of the slide against filter paper.  

4.3) Apply the solution of primary antibodies to each slide. Use approximately 75 

microliters per slide or enough volume to cover depending on tissue surface area.  

4.4) Incubate in humidified chamber overnight (approximately 16 hours) at 4 degrees 

Celsius. Handle humidified chamber carefully to avoid displacing primary antibody 

solution from the tissue area.  

4.5) Blot off primary antibody by touching the edge of the slide to filter paper. Wash 

slides in 1X PBS 0.1% BSA for total of 3 x 5-minute washes.  

4.6) Prepare secondary antibodies (conjugated to different fluorochromes) by diluting to 

a final concentration of 1: 500 in antibody dilution buffer (see step 4.1). Incubate in the 

dark in a humidified chamber for 1 hour.  The secondary antibodies are light-sensitive; 

therefore, this step and all subsequent steps should be protected from light.  

4.7) Blot off secondary antibody solution by touching the edge of the slide to filter paper. 

Wash slides in 1X PBS 0.1% BSA for total of 3 x 5-minute washes.  

4.8) Prepare DAPI working solution by diluting DAPI (50ug/ml stock) 1:5000 with 

1XPBS 0.1%BSA. Apply the DAPI working solution to the slides and incubate for 10 

minutes in the dark.  

4.9) Rinse slides abundantly with at least 3-4 washes with distilled deionized water.  

5) Mounting Slides for Immunofluorescence Microscopy 

5.1) Remove slides one at a time from the water wash and wipe away excess liquid 

from the back of the slide. Avoid making any contact with the tissue section. 



5.2) Place a drop (approximately 10 microliters) of fluorescence mounting medium in 

the center of the tissue section. Avoid using too much mounting medium, otherwise the 

coverslip will move against the tissue section and it will be difficult to seal the edges. 

5.3) Place a glass coverslip (24 x 50 mm) on edge of slide and slowly lower onto the 

tissue section to avoid generating bubbles.  

5.4) Seal coverslips with clear nail polish by first putting a drop of nail polish at one 

corner of the slide with coverslip and dry undisturbed for approximately 5 minutes.  Seal 

the remaining corners with nail polish and then seal the short and long edges of the 

coverslip. Allow nail polish to try before going to the microscope.  

5.5) Store stained slides at 4 degrees Celsius and visualize within two weeks.   

6) Image Acquisition and Analysis 

Using a fluorescence microscope, capture images using the appropriate channels 

depending on the fluorochromes used. 

OPTIONAL:  Combined Immunohistochemistry and Immunofluorescence 

Prior to immunofluorescence staining, immunohistochemistry can be performed in the 

same tissue section for an additional marker. Following antigen retrieval (Step 2), 

sections can be stained using standard immunohistochemical methods in the absence 

of a counterstain.  Slides are visualized with the fluorescence microscope and captured 

in brightfield.  

 

Representative Results 

We demonstrate a method for detecting a senescence biomarker within a specific cell 

type in situ in archived FFPE human brain tissue. Figure 1 shows representative images 

of p16INK4A and GFAP staining in AD patient and an age-matched control subject. We 

demonstrate that p16INK4A staining is diffusely localized throughout the nucleus, while 

GFAP staining is cytoplasmic. Nuclear p16INK4A staining is considered positive when it 

colocalizes with DAPI and the signal intensity is markedly elevated compared with the 

background levels. Nuclei are scored as either positive or negative for p16INK4A and the 

number of astrocytes that are positive for p16INK4A is expressed as percent of the total 

number of GFAP-positive cells. High background levels of staining (Figure 2) may 

preclude proper analysis and identification of senescent cells in tissue sections.  

 
 
Figure Legends:  
 
Figure 1:  p16INK4A and GFAP immunofluorescence staining in FFPE sections of 
human brain tissue. Formalin-fixed paraffin-embedded sections from the frontal cortex 



of an Alzheimer’s disease patient (top panels) or an age-matched control subject 
(bottom panels) were probed for DAPI (blue) to visualize the nuclei, p16INK4A (red) to 
identify senescent cells, and GFAP (green) to identify astrocytes. Arrow denotes 
p16INK4A-positive (senescent) astrocyte.  
 
Figure 2: Suboptimal results of p16INK4A and GFAP staining. Representative images 
of a section with high background level of p16INK4A staining (red).  
 

Discussion 

Double immunofluorescence labeling of human brain tissues is a well-established 

method in the study of neurodegenerative disease 13-15  and methods for performing 

immunofluorescence on FFPE tissues have been described previously 16, thus  we 

redirect the reader to them for a more detailed discussion of the technique, while we will 

focus on key concepts necessary for applying the technique successfully to detect 

senescent cells. Background signal and antibody specificity are the most critical 

challenges to using our method successfully. Background fluorescence in FFPE slides 

is inherently higher than in frozen sections or individual cells 16, thus it is of paramount 

importance to distinguish between antibody signal and auto-fluorescent structures in the 

specimen in use. In order to overcome this issue, we strongly encourage the user to 

acquire images at wavelengths where the fluorochromes in use have little to no 

emission intensity, in addition to those dedicated to the specific signals: structures that 

emit a signal in all channels are likely to be auto-fluorescent, while those emitting only in 

dedicated channels are specific to the antibodies used. Additionally, images acquired 

from unstained slides should also reveal what structures are likely to show background 

signal. 

FFPE sections can present several non-specific epitopes to both primary and secondary 

antibodies because of their complex architecture and their high degree of cross-linking. 

Therefore, the specificity of each antibody and antibody combination should be tested 

on each new tissue used. In particular, we strongly encourage the user to run a pilot 

staining with each primary antibody individually and to stain a slide with only the 

secondary antibodies. If the specificity of an antibody remains uncertain, we suggest 

preparing a negative control slide, where the antibody in question has been incubated 

with an excess concentration of blocking peptide, when the latter is available, or testing 

the antibody on tissues that should not express the antigen. Furthermore, non-specific 

signal could come from particles and impurities accumulating on the slides during the 

staining protocol; in order to minimize this phenomenon, all solutions should be 

prepared fresh and filtered before use. 

This protocol is suitable for the detection of cells demonstrating biomarkers of 

senescence within FFPE tissue sections, particularly those composed of several cell 



types. We have optimized our protocol to detect a senescence biomarker (p16INK4A) 

within the nucleus of a cell that is positive for a cellular marker (GFAP). The protocol 

can be expanded to examine additional biomarkers of senescence as well as other cell 

types when antibodies are available, provided a few requirements are met. First, the 

primary antibodies to be used in combination must be raised in different species, in 

order to avoid cross-reactivity of the secondary antibodies. Although sequential staining 

techniques have been successfully used in frozen tissues and fixed cells, we have had 

limited success in implementing them on FFPE sections. Different IgG isotypes have 

been successfully used in combination for staining FFPE elsewhere 16 and could thus 

overcome this limitation. Secondly, secondary antibodies should be carefully selected to 

avoid cross-reactivity with the other secondary antibody; for example, secondary 

antibodies raised in goat should not be used in combination with a primary antibody 

raised in the same species, in order to avoid cross-reactivity with the anti-goat 

secondary antibody. A vast array of fluorescently-tagged antibodies is available from 

several commercial providers, thus we strongly encourage the user to invest in 

additional antibodies instead of relying on sequential staining and extra blocking steps 

to overcome this issue. 

The quality of the archived brain tissue specimen is also a key factor in the outcome of 

the staining. Factors such as post-mortem interval and degree and type of fixation   

should be taken into consideration when selecting tissues for study. In studies with 

archived brain tissue from neurodegenerative disease subjects, it may be informative to 

compare a region known to be affected with a region that is relatively unaffected in the 

course of disease; for example, comparing frontal cortex with cerebellum in Alzheimer’s 

disease patients. 

While this manuscript was in review, a publication by Sawicka et al. described 

discrepancies in staining between the anti-p16INK4A antibody (clone F-12) described in 

our protocol and three other commercially available antibodies: in particular, only the F-

12 antibody produced a nuclear staining pattern and was unresponsive to RNA 

interference against p16INK4A 17. Such differences may be due to the existence of 

several different gene products of the CDKN2A locus: in fact, nuclear localization of 

p16INK4A has been described independently of the F-12 antibody18, and no F-12 

immuno-reactivity was detected in tumor samples bearing a deletion in the chromosome 

arm carrying the CDKN2A locus19. Furthermore, we find that F-12 immuno-reactivity 

correlates with age of the donor, age-related pathological conditions, and other 

senescence-associated markers (5 and unpublished observations), thus making the 

antibody suitable for detecting senescent cells. 
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Xylene Fisher Scientific
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ImmEdge Pen (PAP pen) Vector Laboratories

Goat Serum MP Biomedicals

Donkey Serum Millipore

Mouse anti p16 antibody Santa Cruz Biotechnology

Rabbit anti GFAP antibody Millipore

Alexa Fluor 488 Goat Anti-Rabbit IgG (H+L) Life Technologies

Alexa Fluor 555 Donkey Anti-Mouse IgG (H+L) Life Technologies

DAPI (4′,6-Diamidino-2-phenylindole dihydrochloride) Sigma Aldrich

Vectashield Mounting Medium Vector Laboratories

Coverslips Fisher Scientific 

Clear nail polish Any supplier

Heat steamer Any supplier

Olympus BX61 fluorescence microscope Olympus

Hamamatsu ORCA-ER camera 
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Catalog Number Comments
X3P-1GAL histological grade, flammable

A962F-1GAL flammable liquid

C7129-500G eye irritant

46-013-CM 10X

700-101P

T-9284 irritant

H-4000

191356
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Title of Article:

Author(s):

1, Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: "Agreement" means this Art icle and Video License
Agreement; "Article" means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; "Author" means the author who is a
signatory to this Agreement; "Collective Work" means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodif ied form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; "CRC License" means the Creative Commons
Attr ibution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and condit ions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; "Derivative Work" means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, f ict ional izat ion, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; "lnstitution" means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; "JoVE"
means Myjove Corporation, a Massachusetts corporation and
the publisher of The Journol of Visualized Experiments;
"Materials" means the Article and / or the Video; "Parties"
means the Author and JoVE; "Video" means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or i ts aff i l iates or agents, individual ly or in
col laboration with the Author or any other part ies,
incorporating al l  or any port ion of the Art icle, and in which the
Author may or may not appear.
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2. Backsround. The Author, who is the author of the Article,
in order to ensure the dissemination and orotection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Riqhts in Art icle. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed ( including without l imitat ion in print,  digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without l imitat ion, the Video) or Collect ive Works based on al l
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. lf the "Open
Access" box has been checked in ltem 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to al l  l imitat ions and requirements
set forth in, the CRC License.

4. Retention of Riqhts in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the

f-1e.,r.f,95o,' .[_(. 11, ;^1.rla l4a,Kt , . i  f. l iulc, J"nrs.'.n." i" l. lu,/, ' , Fo,^*l,n hxrl Qnroll,n enbcddz.!
lJt *in 1is'-ni Jer.trcns
i-.(-.n,rr, A t!,; i ; '", ' i tstro+ , (6 1ohns.,r, JQ frrinn,urtt;, C Je l l o^r) C-I",, ' t

Item 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish ) via: / st"ndard Access open Access

Item 2 (check one box):

v The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO IICENSE AGREEMENT

*Article & Video License Agreement
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Art icle on the
Insti tut ion's website or the Author's personal website, in each
case orovided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. Al l  non-copyright intel lectual property r ights in and
to the Art icle, such as patent r ights, shal l  remain with the
Author.

5. Grant of Riehts in Video - Standard Access. This Section 5
applies if the "Standard Access" box has been checked in ltem
1 above or i f  no box has been checked in l tem 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shal l  be the sole and exclusive owner of al l  r ights of
any nature, including, without l imitat ion, al l  copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any t ime in the future, to have any r ights
of any nature in or to the Video, the Author hereby disclaims
all  such r ights and transfers al l  such r ights to JoVE.

6. Grant of Riehts in Video - Ooen Access. This Section 6
applies only i f  the "Open Access" box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Art icle, including any extensions thereto) l icense (a) to publ ish,
reproduce, distr ibute, display and store the Video in al l  forms,
formats and media whether now known or hereafter
developed ( including without l imitat ion in print,  digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on al l  or any port ion of the Video and exercise al l
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collect ive Works and (c) to l icense others to do any or al l  of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the r ight to make such modif icat ions as are technical ly
necessary to exercise the rights in other media and formats.
For any Video to which this section 6 is appl icable, JoVE and
the Author hereby grant to the public al l  such r ights in the
Video as provided in, but subject to al l  l imitat ions and
requirements set forth in, the CRC License.

7. Government Emplovees. l f  the Author is a United States
government employee and the Art icle was prepared in the
course of his or her duties as a United States government
employee, as indicated in ltem 2 above, and any of the
l icenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the r ights granted hereunder
shall  be l imited to the maximum rights permitted under such
statute. In such case, al l  provisions contained herein that are
not in confl ict with such statute shal l  remain in ful l  force and
effect, and al l  provisions contained herein that do so confl ict
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shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacv, Personalitv. The Author hereby grants
JoVE the right to use the Author's name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distr ibution thereof.
The Author hereby waives any and al l  r ights he or she may
have, relat ing to his or her appearance in the Video or
otherwise relat ing to the Materials, under al l  appl icable
privacy, l ikeness, personali ty or similar laws.

9. Author Warranties. The Author represents and warrants
that the Art icle is original,  that i t  has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is l isted at the beginning of this Agreement, by
such authors col lect ively) and has not been assigned, l icensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) l isted at the top of
this Agreement are the only authors of the Materials. l f  more
than one author is l isted at the top of this Agreement and i f
any such author has not entered into a separate Art icle and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distr ibution, publ ic or private
performance or display, and/or modif icat ion of al l  or any
port ion of the Materials does not and wil l  not violate, infr inge
and/or misappropriate the patent, trademark, intel lectual
property or other rights of any third party. The Author
reoresents and warrants that i t  has and wil l  continue to
comply with al l  government, inst i tut ional and other
regulat ions, including, without l imitat ion al l  inst i tut ional,
laboratory, hospital,  ethical,  human and animal treatment/
privacy, and al l  other rules, regulat ions, laws, procedures or
guidel ines, appl icable to the Materials, and that al l  research
involving human and animal subjects has been approved by
the Author's relevant inst i tut ional review board.

10. JoVE Discretion. lf the Author requests the assistance of
JoVE in producing the Video in the Author's faci l i ty, the Author
shal l  ensure that the presence of JoVE employees, agents or
indeoendent contractors is in accordance with the relevant
regulat ions of the Author's inst i tut ion. l f  more than one
author is l isted at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Art icle unti l  such t ime as i t  has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decl ine any work submitted to JoVE. JoVE and i ts
employees, agents and independent contractors shal l  have
full, unfettered access to the facilities of the Author or of the
Author's institution as necessary to make the Video, whether
actual ly publ ished or not. JoVE has sole discret ion as to the
method of making and publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the l ike.

11. lndemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney's fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney's fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Autho/s or the
Author's institution's facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Autho/s
expense. Al l  indemnif icat ions provided herein shal l  include
JoVE's attorney's fees and costs related to said losses or

ARTICLE AND VIDEO LICENSE AGREEMENT

damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production a.nd publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US51,200 fee to
cover pre-production expenses incurred by JoVE. lf payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer. Governins Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

AUTHOR:

Name:

Department:

Institution:

Article Title:

Signature:
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Please submit a siened and dated copy of this license by one of the following three methods:
1) Upload a scanned copy as a PDF to the JoVE submission site upon manuscript submission (preferred);
2l Fax the document to +1.856.38L.2236; or
3) Mail the document to J,VE /Attn: JoVE Editorial / 17 Sellers St / Cambridge, MA 02139

For questions, please email editorial@jove.com or call +1.617.945.9051.

MS # ( internal use):
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Allison Diamond 
Associate Editor, Journal of Visualized Experiments (JoVE) 
Manuscript JoVE50520R1 
 
Dear Ms. Diamond,  
 
Enclosed is the revisited version of our manuscript entitled “Identification of Cells with Markers 
of Cellular Senescence in Human Formalin-fixed, Paraffin-embedded Brain Tissue Sections.” 
 
We thank the reviewers for their careful review and thoughtful comments on our manuscript. 
We have carefully taken their comments into consideration in preparing our revision, which has 
resulted in a paper that is clearer and meets JoVE editorial standards. In addition, we have 
included an additional paragraph at the end of the discussion section in the manuscript 
detailing our rational for use of the F-12 clone of the p16INK4a antibody as a senescence 
biomarker. The following summarizes how we responded to reviewer/editorial comments in a 
point-by-point manner.  
 
Editorial comments: 
 
1) Comment:  JoVE is unable to publish manuscripts containing commercial sounding 
language, including trademark or registered trademark symbols (TM/R) and the mention of 
company brand names before an instrument or reagent. Please remove all commercial 
sounding language from your manuscript. All commercial products should be sufficiently 
referenced in the table of materials/reagents. Specifically, please remove any TM/R/C symbols 
in your table of materials/reagents. 
1) Response: We have removed all instances of commercial-sounding language from the 
manuscript. Instances of the removal of brand names from the manuscript are highlighted 
using track changes. TM/R/C symbols were removed from the table of materials/reagents.  
 
Reviewers' comments: 
 
Reviewer #1:  
1) There were no additional points from Reviewer #1 to  be addressed.  
 
Reviewer #2:  
1) Comment: It would be nice to see the comparison with frozen sections of the same patient, 
but I can imagine that it is not so straightforward to have them. 
  
 

*Rebuttal Comments
Click here to download Rebuttal Comments: Rebuttal Comments.pdf 

http://www.editorialmanager.com/jove/download.aspx?id=42420&guid=debedb59-877f-4f27-8ffa-fde870e56e91&scheme=1
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1) Response: The authors would like to thank Reviewer #2 for the suggested comparison of 
fixed and frozen tissues from the same patient. Unfortunately, we have been unable to obtain 
both types of tissue from the same patient in our current studies.  
  
Reviewer #3:  
1) There were no additional points from Reviewer #3 to be addressed.  
 
 
 
 
I hope you will find our manuscript suitable for publication in JoVE. 
 
 
Best regards, 
 
 
 
 

 
Claudio Torres, Ph.D. 
Assistant Professor 


