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1. Grantee Institution: Monell Chemical Senses Center 

 

2. Reporting Period (start and end date of grant award period): 01/01/2011-12/31/2011 

 

3. Grant Contact Person (First Name, M.I., Last Name, Degrees): Gary K. Beauchamp, 

PhD 

 

4. Grant Contact Person’s Telephone Number: 267-519-4710 

 

5. Grant SAP Number: 4100054860 

 

6. Project Number and Title of Research Project: 02 -Effects of Chemotherapeutic Agents 

on the Peripheral Taste Structure and Function 

 

7. Start and End Date of Research Project: 01/01/2011-12/31/2011 

 

8. Name of Principal Investigator for the Research Project: Hong Wang, PhD 

 

9. Research Project Expenses.   

 

9(A) Please provide the amount of health research grant funds spent on this project for the 

entire duration of the grant, including any interest earned that was spent:  

 

$ 106,047.46  

 

9(B) Provide the last names (include first initial if multiple individuals with the same last 

name are listed) of all persons who worked on this research project and were supported with 

health research funds.  Include position titles (Principal Investigator, Graduate Assistant, 

Post-doctoral Fellow, etc.), percent of effort on project and total health research funds 

expended for the position.  For multiple year projects, if percent of effort varied from year to 

year, report in the % of Effort column the effort by year 1, 2, 3, etc. of the project (x% Yr 1; 

z% Yr 2-3). 
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Last Name Position Title % of Effort on 

Project 

Cost 

Wang Assistant Member 15% $11,232.48 

Feng Research Associate 27.5% $16,850.64 

Chai Junior Research Specilisit 31% $12,175.20 

    

    

    

    

 

9(C) Provide the names of all persons who worked on this research project, but who were not 

supported with health research funds.  Include position titles (Research Assistant, 

Administrative Assistant, etc.) and percent of effort on project.  For multiple year projects, if 

percent of effort varied from year to year, report in the % of Effort column the effort by year 

1, 2, 3, etc. of the project (x% Yr 1; z% Yr 2-3). 

 

Last Name Position Title % of Effort on Project 

Gowing Student Research Apprentice 25% 

Chou Technician 25% 

   

   

   

   

   

 

9(D) Provide a list of all scientific equipment purchased as part of this research grant, a short 

description of the value (benefit) derived by the institution from this equipment, and the cost 

of the equipment. 

 

Type of Scientific Equipment Value Derived Cost 

None   

   

   

   

   

   

   

 

 

10. Co-funding of Research Project during Health Research Grant Award Period.  Did this 

research project receive funding from any other source during the project period when it was 

supported by the health research grant? 

 

Yes_________ No____X______ 
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If yes, please indicate the source and amount of other funds: 

 

 

11. Leveraging of Additional Funds 
 

11(A) As a result of the health research funds provided for this research project, were you 

able to apply for and/or obtain funding from other sources to continue or expand the 

research?  

 

Yes____X_____ No__________ 

 

If yes, please list the applications submitted (column A), the funding agency (National 

Institutes of Health—NIH, or other source in column B), the month and year when the 

application was submitted (column C), and the amount of funds requested (column D).  If 

you have received a notice that the grant will be funded, please indicate the amount of funds 

to be awarded (column E). If the grant was not funded, insert “not funded” in column E. 

 

Do not include funding from your own institution or from CURE (tobacco settlement funds). 

Do not include grants submitted prior to the start date of the grant as shown in Question 2.  If 

you list grants submitted within 1-6 months of the start date of this grant, add a statement 

below the table indicating how the data/results from this project were used to secure that 

grant. 

A.  Title of research 

project on grant 

application 

B.  Funding 

agency (check 

those that apply) 

C. Month 

and Year  

Submitted 

D. Amount 

of funds 

requested: 

E. Amount 

of funds to 

be awarded: 

Cellular and molecular 

bases of age-associated 

taste disorders 

NIH     

 Other federal 

(specify:________

______________) 

 Nonfederal 

source (specify: 

_____________) 

02/2012 $1,713,281 $  

Waiting for 

review 

 NIH     

 Other federal 

(specify:________

______________) 

 Nonfederal 

source (specify: 

_____________) 

 $ $ 

 NIH     

 Other federal 

(specify:________

______________) 

 Nonfederal 

source (specify: 

_____________) 

 $ $ 
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11(B) Are you planning to apply for additional funding in the future to continue or expand 

the research? 

 

Yes___X_____ No__________ 

 

If yes, please describe your plans: 

 

Results from this study suggest that chemotherapy drugs can strongly affect the taste bud. 

Our next step is to investigate the combined effects of chemotherapy and cancer on the taste 

system.  We plan to apply for additional funding (such as an R21) to continue this research. 

 

12. Future of Research Project.  What are the future plans for this research project? 

 

Studies in cancer patients suggest that cancer itself can lead to taste dysfunction and cancer 

treatments, such as chemotherapy, exacerbate the problem further. The mechanisms of 

cancer-associated taste loss (before any treatments) remain poorly understood. In the future, 

we would like to investigate the effects of cancer, as well as the combined effects of 

chemotherapy and cancer, on the taste system. As mentioned above, we will apply for 

additional funding to support this research. 

 

13. New Investigator Training and Development.  Did students participate in project 

supported internships or graduate or post-graduate training for at least one semester or one 

summer? 

 

Yes_________ No____X______ 

 

If yes, how many students?  Please specify in the tables below: 

 Undergraduate Masters Pre-doc Post-doc 

Male     

Female     

Unknown     

Total     

 

 

 Undergraduate Masters Pre-doc Post-doc 

Hispanic     

Non-Hispanic     

Unknown     

Total     

 

 

 Undergraduate Masters Pre-doc Post-doc 

White     

Black     
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Asian     

Other     

Unknown     

Total     

 

 

14. Recruitment of Out-of–State Researchers.  Did you bring researchers into Pennsylvania to 

carry out this research project? 

 

Yes_________ No____X______ 

 

If yes, please list the name and degree of each researcher and his/her previous affiliation: 

 

 

15. Impact on Research Capacity and Quality.  Did the health research project enhance the 

quality and/or capacity of research at your institution?   

 

Yes___X____ No__________ 

 

If yes, describe how improvements in infrastructure, the addition of new investigators, and 

other resources have led to more and better research.  

 

This project partially supported a Research Associate and a Research Specialist, both were 

trained as MD. Their expertise in the medical fields brings in new perspectives for our future 

research.  

 

16. Collaboration, business and community involvement.  

 

16(A) Did the health research funds lead to collaboration with research partners outside of 

your institution (e.g., entire university, entire hospital system)?  

 

Yes_________ No____X______ 

 

If yes, please describe the collaborations:  

 

 

16(B) Did the research project result in commercial development of any research products?  

 

Yes_________ No____ X______ 

 

If yes, please describe commercial development activities that resulted from the research 

project:  

 

 

16(C) Did the research lead to new involvement with the community?   
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Yes_________ No____ X______ 

 

If yes, please describe involvement with community groups that resulted from the 

research project:  

 

 

17. Progress in Achieving Research Goals, Objectives and Aims.  
List the project goals, objectives and specific aims (as contained in the grant application’s 

strategic plan).  Summarize the progress made in achieving these goals, objectives and aims 

for the period that the project was funded (i.e., from project start date through end date).  

Indicate whether or not each goal/objective/aim was achieved; if something was not 

achieved, note the reasons why.  Describe the methods used. If changes were made to the 

research goals/objectives/aims, methods, design or timeline since the original grant 

application was submitted, please describe the changes. Provide detailed results of the 

project.  Include evidence of the data that was generated and analyzed, and provide tables, 

graphs, and figures of the data.  List published abstracts, poster presentations and scientific 

meeting presentations at the end of the summary of progress; peer-reviewed publications 

should be listed under item 20. 

 

This response should be a DETAILED report of the methods and findings.  It is not sufficient 

to state that the work was completed. Insufficient information may result in an unfavorable 

performance review, which may jeopardize future funding.  If research findings are pending 

publication you must still include enough detail for the expert peer reviewers to evaluate the 

progress during the course of the project. 

 

Health research grants funded under the Tobacco Settlement Act will be evaluated via a 

performance review by an expert panel of researchers and clinicians who will assess project 

work using this Final Progress Report, all project Annual Reports and the project’s strategic 

plan.  After the final performance review of each project is complete, approximately 12-16 

months after the end of the grant, this Final Progress Report, as well as the Final Performance 

Review Report containing the comments of the expert review panel, and the grantee’s written 

response to the Final Performance Review Report, will be posted on the CURE Web site.   

 

There is no limit to the length of your response. Responses must be single-spaced below, 

no smaller than 12-point type. If you cut and paste text from a publication, be sure 

symbols print properly, e.g., the Greek symbol for alpha () and beta (ß) should not 

print as boxes () and include the appropriate citation(s).  DO NOT DELETE THESE 

INSTRUCTIONS. 

 

 

Project goals, objectives and specific aims: 

 

Cancer patients often experience taste alterations. The severity of this chemosensory disorder 

correlates with decreased quality of life, low energy intake, high rates of weight loss, and poor 

prognosis [1]. Although cancer itself may contribute to this aberration of taste, cancer treatments, 

such as chemotherapy and radiation therapy, can further exacerbate the problem [2].  
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One of the commonly occurring side effects of chemotherapy is abnormal taste [3]. Up to two 

third of the patients receiving chemotherapy may experience some levels of taste problems, 

which may initiate during the course of treatments and can last for a few months after treatments. 

Many chemotherapeutic agents have been associated with taste changes [2]. However, some 

anticancer drugs may have a greater effect on taste function than others [3,4]. The underlying 

mechanisms of chemotherapy-associated taste disorders remain largely unknown. The goal of 

our research is to develop a clear understanding of how chemotherapy affects taste structures and 

functions at molecular and cellular levels. 

 

In this project we will investigate the effects of three chemotherapeutic agents, 5-fluorouracil (5-

FU), cisplatin, and paclitaxel (PTX), on the peripheral taste structure and function. These drugs 

belong to different categories of anticancer drugs and are associated with taste dysfunction in 

patients.  We will test the hypothesis that anticancer drugs affect taste function as least partially 

through disrupting the integrity of the peripheral taste structure. Our specific aims for the project 

are the following: 

 

Aim 1: determine the effects of 5-FU, cisplatin, and PTX on the taste bud structure. In particular, 

we will determine the effects of these drugs on the gross structure of taste buds, as well as on the 

taste progenitor cell proliferation and on taste bud cell death. We will use methods, such as 

histology and immunohistochemistry, to examine the expression of markers for taste bud cells, 

for cell proliferation, and for cell death in the taste epithelium during and after drug treatments. 

 

Aim 2: determine the effects of 5-FU, cisplatin, and PTX on taste function. We will study the 

effects of drug treatments on taste responses to the five basic taste qualities, sweet, bitter, umami, 

sour, and salty tastes, using brief-access or lickometer tests. Together with Aim 1, this study 

should allow us to better understand the mechanisms of chemotherapy-associated taste disorders. 

 

Summary of research completed: 

 

We have completed the experiments proposed for the specific aims 1 and 2. Results from these 

experiments strongly support our hypothesis.  As the functional unit responsible for detecting 

and recognizing taste compounds, the taste bud is critical for the sense of taste.  A normal 

mammalian taste bud contains 50-100 cells and undergoes constant cell turnover [5]. To 

maintain homeostasis, taste progenitor cells proliferate to produce newborn cells that enter the 

taste bud and differentiate into taste receptor cells and supporting cells needed for taste function. 

Results from this study show that all three chemotherapy drugs, 5-fluorouracil (5-FU), cisplatin, 

and paclitaxel (PTX), decrease the number of progenitor cells and increase the number of 

apoptotic cells in the taste epithelium. Consistently, these drugs also decrease the number of taste 

receptor cells in taste buds.  Furthermore, behavioral tests show that mice injected with 5-FU and 

PTX display abnormal taste responses to several taste compounds. Together, this study suggests 

that chemotherapy drugs have detrimental effects on the taste bud structure, and as a result, they 

disrupt the normal function of the taste bud, which contributes to chemotherapy-associated taste 

loss. 

 

Experimental methods and procedures: 
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Drug administration and tissue processing for histological studies 

5-FU (150 mg/kg), cisplatin (7.5 mg/kg or 20 mg/kg), and PTX (115 mg/kg) were injected 

intraperitoneally into C57BL/6J mice. All three drugs were purchased from Sigma. Phosphate 

buffered saline (PBS) was used as the vehicle control. Tongue tissues were collected at 4, 8, 24, 

and 48 h after injection. Five mice per group per time point were used. To study the effects of 

repeated administration of the drugs on taste buds, 5-FU (150 mg/kg), cisplatin (7.5 mg/kg), PTX 

(115 mg/kg), as well as PBS, were injected into C57BL/6J mice on days 1, 3, 5, 7, and 9. Tongue 

tissues were collected on day 5 (mice received two injections) and day 10 (mice received 5 

injections). The collected tongue tissues were washed briefly with PBS and cut into smaller 

pieces containing fungiform, foliate, and circumvallate papillae. The tissue pieces were 

immediately embedded in Tissue-Tek mounting medium and frozen on dry ice. 10 m-thick 

cryosections containing taste buds were collected for immunostaining using various antibodies. 

 

Double immunostaining of Ki67 and KCNQ1 

Double immunostaining of Ki67 and KCNQ1 was carried out as described in our previous 

publications [6,7].  Briefly, frozen tissue sections were fixed in cold acetone for 30 sec. Sections 

were air dried and washed three times with PBS containing 0.3% Triton X-100. After incubation 

at room temperature for 2 h with a blocking buffer (3% bovine serum albumin, 0.3% Triton X-

100, 2% goat serum, and 0.1% sodium azide in PBS), the sections were further incubated with a 

rabbit polyclonal anti-KCNQ1 antibody (Millipore) at 4°C overnight. After washing with 

PBS/0.3% Triton X-100, a Cyanine 3 (Cy3)-conjugated goat anti-rabbit secondary antibody 

(Jackson ImmunoResearch) was added to the sections and incubated for 60 min. A mouse 

monoclonal anti-Ki67 antibody (BD Biosciences) was labeled with Alexa 488 Zenon Mouse IgG 

Labelling Kit (Invitrogen) following the manufacturer’s protocol. The labeled antibody was 

added to the sections and incubated at room temperature for 2 h. Sections were washed and 

mounted with Vectashield. Images were taken using a Leica confocal microscope. Ki67-labeled 

cells surrounding a taste bud (defined by KCNQ1 staining) in the circumvallate epithelium were 

counted. The average number of Ki67-labeled cells per taste bud profile was calculated.  

Immunostaining of cleaved Caspase-3 (Casp-3) and cleaved Caspase-6 (Casp-6) 

Frozen tissue sections were fixed in 4% paraformaldehyde (PFA)/PBS solution at room 

temperature for 15 min. Sections were washed three times with PBS/0.3% Triton X-100 and 

incubated at room temperature for 1-2 h with the blocking buffer. Rabbit polyclonal antibodies 

against cleaved Casp-3 or cleaved Casp-6 (Cell Signaling Technology) were added to the 

sections for an overnight incubation at 4°C. A Cy3-conjugated goat anti-rabbit secondary 

antibody was used. Images were taken using a Leica confocal microscope. Positively stained 

cells in the circumvallate epithelium were counted. 

Immunostaining of phospholipase C (PLC)-2 and carbonic anhydrase IV (Car4) 

Frozen tissue sections were fixed in 4% paraformaldehyde (PFA)/PBS solution at room 

temperature for 15 min. Sections were washed three times with PBS/0.3% Triton X-100 and 

incubated at room temperature for 1 h with a blocking buffer containing horse serum. A rabbit 

polyclonal antibody against PLC-2 (Santa Cruz Biotechnology) or a goat polyclonal antibody 

against Car4 (R&D Systems) was added to the sections for an overnight incubation at 4°C. 

Dylight-488-labeled donkey anti-rabbit or anti-goat secondary antibodies (Jackson 
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ImmunoResearch) were used. Images were taken using a Leica confocal microscope. Positive 

cells in taste buds of circumvallate sections were counted. 

 

Drug administration and lickometer test schedules 

We have carried out two experiments with different drug dosages and testing schedules. These 

experiments are described below.  

 

Experiment 1:  Twenty-seven male C57BL/6 mice (about 2-month-old in the beginning of the 

experiment) were separated into three groups with 9 mice in each group. The three groups were: 

PBS, 5-FU, and PTX. Due to limited number of lickometers available, we could not include a 

cisplatin group in these experiments. Mice were individually caged and trained for four days to 

familiarize with the lickometer (see details in the next section). Mice were then tested on two 

consecutive days for responses to NaCl (0.1, 0.3, and 0.6 M), quinine (QHCl, 0.1, 0.3, and 3 

mM), and citric acid (3, 10, and 100 mM) on the first day and to sucrose (0.1, 0.2, and 0.6 M), 

saccharin (4, 16, and 64 mM), and inosine monophosphate (IMP, 1, 10, and 30 mM) on the 

following day. The taste tests were repeated once before drug injection.  

 

Drugs and the control buffer were administered to mice by i.p. injection.  On day 1, mice in the 

PBS group received 200 l of phosphate-buffered saline (PBS); mice in the 5-FU group received 

150 mg/kg (body weight) of 5-FU; and mice in the PTX group received 115 mg/kg (body 

weight) of PTX.  On day 3, all mice received another i.p. injection of PBS, 5-FU (150 mg/kg 

body weight), or PTX (115 mg/kg body weight) according to their group assignments.  Taste 

tests were performed on day 5 for NaCl (0.1, 0.3, and 1 M), citric acid (3, 10, and 100 mM), and 

QHCl (0.1, 0.3, and 3 mM) and on day 6 for sucrose (0.1, 0.2, and 0.6 M), saccharin (4, 16, and 

64 mM), and IMP (1, 10, and 30 mM). These tests were repeated on days 7 and 8, and again on 

days 11 and 12. Because several 5-FU and PTX treated mice became ill and some of them died 

on days 11 and 12, the experiment was stopped on day 12. 

 

Experiment 2:  Twenty-eight male C57BL/6 mice (about 3-month-old in the beginning of the 

experiment) were separated into three groups with 9 mice each for the PBS and 5-FU groups and 

10 mice for the PTX group. Before drug administration, mice were trained and tested for taste 

responses as described above. For this experiment, only one dose of drugs was given to mice by 

i.p. injection. On day 1, mice were injected with PBS (200 l each), 5-FU (150 mg/kg body 

weight), or PTX (115 mg/kg body weight).  Taste tests were performed on days 5, 8, 11, 15, 18, 

22, 25, 29, and 32 for NaCl (0.1, 0.6, and 1 M), citric acid (3, 10, and 100 mM), and QHCl (0.1, 

0.3, and 3 mM) and on days 6, 9, 12, 16, 19, 23, 26, 30, and 33 for sucrose (0.1, 0.2, and 0.6 M), 

saccharin (4, 16, and 64 mM), and IMP (1, 10, and 30 mM). 

 

Lickometer tests 

Lickometer tests were conduced using the Davis MS-160 mouse gustometer (Dilog Instruments, 

Tallahassee, FL).  We followed the standard procedure developed by several laboratories for 

testing mice [8,9]. Before testing of responses to taste solutions, mice were subjected to a few 

days of water training to familiarize with the lickometer and to learn to lick from the sipper tube 

to obtain fluid. To motivate mice to lick from the sipper tube, they were water-deprived for 22.5 

hr prior to the training sessions. Each training session lasted 30 min. For training session 1, mice 

were allowed to drink water freely from a single stationary spout throughout the training session. 
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Immediately after this training session, mice were given 1 hr of ad libitum access to water. Mice 

were water-deprived again for another 22.5 hr for training session 2. During training session 2, 

mice received water during 5 s trials (30 trials total). Mice initiated these trials by licking of the 

sipper tube. After the training session, mice were given free access to water and food. These 

training sessions were repeated until all mice learned how to perform.  

 

Taste tests were performed on the days described above. We tested three concentrations each of 

NaCl, QHCl, and citric acid on the same day, which were followed by tests of three 

concentrations each of sucrose, saccharin, and IMP on the next day.  For testing bitter, salty, and 

sour taste compounds, mice were water-deprived for 22.5 h prior to the tests. After the tests, 

mice were given free access to water and food for 1 h. Then for the next 22.5 h, they were given 

1.5 ml of water and 1 g of food. Mice were then tested for responses to sweet and umami 

compounds. For all tests, thirty-six 5 s trials were included, and taste solutions and water were 

randomly presented to mice according to computer generated random sequences.  When the tests 

for sweet and umami compounds were completed, mice were given free access to water and food 

until the next set of tests. We measured mouse body weight before water and food restriction and 

before each taste tests. Mice adapted to water and food restriction quickly and their body weights 

were stabilized at about 85-90% of pre-restriction level. 

 

Data analysis  

Lickometer test results were presented as tastant over water lick ratios which were calculated by 

dividing the number of licks for each taste solution by the number of licks for water. T-tests were 

performed in Excel to compare taste responses between PBS control group and 5-FU- or PTX-

treated groups and to compare various cell counts from treatment groups with cell counts from 

the control group. A p value less than 0.05 was considered statistically significant. 

 

Results: 

 

Chemotherapy drugs reduce the number of Ki67-positive progenitor cells in the taste epithelium 

To investigate the effect of chemotherapy drugs on taste progenitor cells, we performed double 

immunostaining using antibodies against Ki67 and KCNQ1. Ki67 is a cell proliferation marker 

expressed in all active stages of the cell cycle [10]. KCNQ1, a voltage-gated potassium channel 

protein, is a taste cell marker expressed in all subtypes of taste bud cells [6]. Ki67-positive cells 

in the basal region surrounding taste buds have been proposed as the taste progenitor cells. This 

cell population gives rise to both perigemmal epithelial cells and taste bud cells [11]. All three 

chemotherapy drugs, 5-FU, cisplatin, and PTX, significantly decreased the number of Ki67-

positive cells surrounding circumvallate taste buds (Figure 1). On day 3, 48 h after a single 

injection of the drugs, the number of Ki67-positive cells was reduced to 28%, 57%, and 64% of 

the control level by 5-FU, cisplatin, and PTX, respectively (Figure 1A and 1C left panel). On day 

10, after repeated injections of the drugs, the number of Ki67-positive cells was reduced to 11%, 

43%, and 44% of the control level by 5-FU, cisplatin, and PTX, respectively (Figure 1B and 1C 

right panel). 

 

The three chemotherapy drugs belong to different categories of anticancer drugs. At the dose we 

used (5-FU, 150 mg/kg; cisplatin, 7.5 mg/kg; PTX, 115 mg/kg per injection), 5-FU had the 

strongest effect on progenitor cells in the circumvallate epithelium. In addition, based on 
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KCNQ1 immunostaining, some circumvallate taste buds from 5-FU treated mice formed aberrant 

aggregates and exhibited decreased level of KCNQ1 immunostaining (Figure 1B). Together, 

these results show that chemotherapy drugs can strongly affect the taste progenitor cell 

population and attenuate cell proliferation in the taste epithelium. 

 

Chemotherapy drugs induce apoptosis in the taste epithelium 

To investigate whether chemotherapy drugs induce cell death in the taste tissue, we performed 

immunostaining using antibodies specific to cleaved Casp-3 or Casp-6. Casp-3 and Casp-6 are 

both executioner caspases which, when activated, carryout proteolytic cleavage of many proteins 

critical for cell survival [12,13,14]. Activation of Casp-3 and Casp-6 requires cleavage of their 

inactive zymogens into smaller fragments. The antibodies we used are specific for the active 

forms of Casp-3 and Casp-6 which are markers for apoptotic cell death. 

 

In circumvallate sections of PBS controls, few cells were positive for cleaved Casp-3 or Casp-6 

(Figure 2, PBS panels), indicating a low level of apoptosis in the normal tissue turnover process. 

5-FU and PTX treatments induced a significant increase in the number of cleaved Casp-3-

positive cells in the circumvallate papillae (Figure 2A, 2B, and 2D left panel). Some of these 

cleaved Casp-3-positive cells were located in taste buds and others were in perigemmal regions. 

On the other hand, cisplatin did not significantly increase the number of cleaved Casp-3-positive 

cells, but markedly increased the number of cleaved Casp-6-positive cells in circumvallate 

papillae (Figure 2, Cisplatin panels), suggesting that cisplatin induces apoptosis in the taste tissue 

through a Casp-6-dependent pathway. Together, these results show that chemotherapy drugs can 

induce apoptotic cell death in taste buds and their surrounding epithelium.  

 

Chemotherapy drugs decrease the number of taste receptor cells in taste buds 

To investigate whether chemotherapy drugs affect taste receptor cells, we carried out 

immunostaining using antibodies against PLC-2 and Car4. PLC-2 is a type II taste cell marker 

which is expressed in sweet, bitter, and umami taste receptor cells [15]. Car4 is a marker for type 

III taste cells which include sour and possibly also salty taste receptor cells [16]. As shown in 

Figure 3, all of these drugs reduced the number of taste receptor cells, but 5-FU and cisplatin had 

stronger effects on PLC-2-positive taste receptor cells than PTX, while PTX had stronger 

effects on Car4-positive cells than 5-FU and cisplatin. These results suggest that chemotherapy 

drugs reduce the number of taste receptor cells in the taste bud and different chemotherapy drugs 

may have differential effects on the five types of taste receptor cells (sweet, bitter, umami, sour 

and salty cells). 

 

Chemotherapy drugs alter taste responses in behavioral tests 

To examine the effects of chemotherapy drugs on taste function, we performed lickometer tests 

which examine preference or avoidance behavior for sweet, umami, bitter, sour, and salty tastes. 

We used the following compounds to represent the five basis taste qualities: sucrose and 

saccharin for sweet, IMP for umami, QHCl for bitter, citric acid for sour, and NaCl for salty 

taste. Two experiments were performed as described in the Methods section. Because in 

Experiment 1, 5-FU- and PTX-treated mice showed stronger effects on taste responses, only data 

from this experiment are showed here. 
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Before drug administration, mice in all groups were tested for their responses to NaCl, QHCl, 

and citric acid on one day and to sucrose, saccharin, and IMP on the following day. The tests 

were repeated once and the results from the two sets of tests were averaged and shown in Figure 

4. For all the taste solutions tested, there were no significant differences in tastant to water lick 

ratios among the mice assigned to PBS, 5-FU, and PTX groups, suggesting that no significant 

variations existed in taste responses before drug administration. All mice showed typical 

avoidance responses (tastant/water lick ratio < 1) to QHCl, citric acid and high concentrations of 

NaCl and preference responses (tastant/water lick ratio > 1) to sucrose, saccharin and IMP. 

 

After drug administration, PTX-treated mice showed significantly altered taste responses on day 

7 to three concentrations of NaCl, two concentrations of QHCl, and one concentration of citric 

acid when compared with PBS-treated mice (Figure 5D, 5E, and 5F). On day 7, PTX-treated 

mice showed preference to 0.1 and 0.3 M NaCl (tastant/water lick ratios > 1) and indifference to 

1 M NaCl (tastant/water lick ratio close to 1), whereas control mice showed indifference to 0.1 

and 0.3 M NaCl and strong avoidance to 1 M NaCl.  In behavioral tests, normal mice may show 

preference responses to low concentrations (< 0.1 M) of NaCl which were not included in our 

tests. Before drug administration, all mice showed close to indifference to 0.1 and 0.3 M NaCl 

but avoidance to 0.6 M NaCl (Figure 4A). Indifference to 1 M NaCl in PTX-treated mice 

suggests that these mice had become a lot less sensitive to the salty compound NaCl. On day 7, 

these mice also showed reduced avoidance behavior to 0.3 and 3 mM QHCl and 100 mM citric 

acid, suggesting decreased sensitivities to bitter and sour taste compounds. However, PTX-

treated mice did not display significant differences in responses to sweet and umami taste 

compounds (sucrose, saccharin and IMP) compared with control mice (Figure 6), showing 

specificity in the altered taste responses. On the contrary, 5-FU-treated mice only showed 

significantly altered responses to sweet compounds (Figure 5 and 6). Interestingly, these mice 

showed heightened preference responses to sucrose on day 6, but much reduced preference to 

sucrose and saccharin on day 8, indicating that the changes in the taste buds may temporarily 

enhance sweet responses before the loss of sweet receptor cells overriding the enhancement. 

These results together suggest that chemotherapy drugs can affect taste sensitivities and different 

chemotherapy drugs may preferentially affect a subset of taste qualities. 

 

Conclusions: 

 

Our results show that chemotherapy drugs, 5-FU, cisplatin, and PTX, reduce the number of 

progenitor cells in taste papillae and therefore attenuate cell renewal in the taste tissue. These 

drugs also induce apoptosis in taste buds and in perigemmal epithelium. Consistently, mice 

injected with the drugs show a reduction of taste receptor cells in taste buds. Furthermore, in 

behavioral tests, 5-FU and PTX change animal’s responses to taste compounds. In general, mice 

treated with these drugs showed reduced sensitivities to some taste solutions tested. Data from 

these behavioral tests also suggest that 5-FU and PTX may affect different taste qualities 

differently with 5-FU primarily affecting sweet taste and PTX affecting salty, bitter and sour 

tastes. Together, this study shows that chemotherapy drugs have detrimental effects on the taste 

bud structure and function. 
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Figure 1.  5-FU, cisplatin, and PTX reduce the number of Ki67-positive progenitor cells in 

the taste epithelium. Double immunostaining of Ki67 (green) and KCNQ1 (red) of 

circumvallate sections from control mice (PBS) and mice injected with 5-FU, cisplatin, or 

PTX.  A. Tissues were collected on day 3 after a single injection of PBS or drugs. B. 

Tissues were collected on day 10 after repeated injections of PBS or drugs. C. 

Quantification of Ki67-positive cells in the circumvallate epithelium collected on day 3 

(left panel) or day 10 (right panel) of the experiment. * p<0.05; ** p<0.001 (vs. PBS). 
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Figure 2.  5-FU, cisplatin, and PTX induce apoptosis in the circumvallate epithelium.  A, B. 

Immunostaining of cleaved Casp-3 of circumvallate papillae collected at 24 h (A) or on day 

10 (B) of the experiment. Arrows indicate positive cells.  C. Immunostaining of cleaved 

Casp-6 of circumvallate papillae collected at 24 h after injection.  D. Quantification of 

cleaved Casp-3 or Casp-6-positive cells in the circumvallate epithelium of control (PBS) 

and chemotherapy drug-treated mice at 24 h after injection. * p<0.05; ** p<0.001 (vs. PBS). 
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Figure 3.  Quantitative analysis of PLC-2 and Car4-positive cells in circumvallate taste 

buds collected on day 10 of the experiment.  PLC-2 is a marker for type II taste receptor 

cells responsible for sweet, umami, and bitter tastes.  Car4 is a marker for type III taste 

receptor cells responsible for sour and possibly also for salty taste. * p<0.05 (vs. PBS). 
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Figure 4. Lickometer test results in the three groups of mice before drug administration. 

Results are presented as tastant/water lick ratio. No significant differences in response to 

these taste compounds were detected among these mice without drug treatments. All groups 

showed avoidance to QHCl, citric acid and high concentrations of NaCl and preference to 

sucrose, saccharin and IMP. 
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Figure 5. Lickometer test results in the three groups of mice after drug administration. 

Responses to NaCl (A, D), QHCl (B, E) and citric acid (C, F) are presented as tastant/water 

lick ratio. Drugs or PBS were given to mice on days 1 and 3. Test results from days 5 and 7 

are shown. On day 7, PTX-treated mice showed significantly altered responses to 0.1, 0.3, 

and 1M NaCl, to 0.3 and 3 mM QHCl, and to 100 mM citric acid when compared with PBS-

treated control mice. * p < 0.05, ** p < 0.01 (vs. PBS group). 
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Figure 6. Lickometer test results in the three groups of mice after drug administration. 

Responses to sucrose (A, D), saccharin (B, E) and IMP (C, F) are presented as tastant/water 

lick ratio. Drugs or PBS were given to mice on days 1 and 3. Test results from days 6 and 8 

are shown. On day 6, 5-FU-treated mice showed significantly heightened preference to 0.1, 

0.2, and 0.6 M sucrose, whereas on day 8, these mice showed significantly reduced 

preference to 0.1, 0.2, and 0.6 M sucrose and to 16 and 64 mM saccharin when compared 

with PBS-treated control mice. * p < 0.05, ** p < 0.01 (vs. PBS group). 
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18. Extent of Clinical Activities Initiated and Completed.  Items 18(A) and 18(B) should be 

completed for all research projects.   If the project was restricted to secondary analysis of 

clinical data or data analysis of clinical research, then responses to 18(A) and 18(B) should 

be “No.” 

 

18(A) Did you initiate a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects?  

______Yes  

___ X___No  

 

18(B) Did you complete a study that involved the testing of treatment, prevention or 

diagnostic procedures on human subjects?  

______Yes  

___ X___No  

 

If “Yes” to either 18(A) or 18(B), items 18(C) – (F) must also be completed.  (Do NOT 

complete 18(C-F) if 18(A) and 18(B) are both “No.”) 

 

18(C) How many hospital and health care professionals were involved in the research 

project? 

 

______Number of hospital and health care professionals involved in the research 

project 

 

18(D) How many subjects were included in the study compared to targeted goals? 

 

______Number of subjects originally targeted to be included in the study 

______Number of subjects enrolled in the study 

 

Note: Studies that fall dramatically short on recruitment are encouraged to 

provide the details of their recruitment efforts in Item 17, Progress in Achieving 

Research Goals, Objectives and Aims. For example, the number of eligible 

subjects approached, the number that refused to participate and the reasons for 

refusal. Without this information it is difficult to discern whether eligibility 

criteria were too restrictive or the study simply did not appeal to subjects. 

 

18(E) How many subjects were enrolled in the study by gender, ethnicity and race? 

 

Gender: 

______Males 

______Females 

______Unknown 

 

Ethnicity: 

______Latinos or Hispanics 
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______Not Latinos or Hispanics 

______Unknown 

 

Race: 

______American Indian or Alaska Native  

______Asian  

______Blacks or African American 

______Native Hawaiian or Other Pacific Islander 

______White 

______Other, specify:      

______Unknown 

 

18(F) Where was the research study conducted? (List the county where the research 

study was conducted.  If the treatment, prevention and diagnostic tests were offered in 

more than one county, list all of the counties where the research study was 

conducted.) 

 

 

19. Human Embryonic Stem Cell Research.  Item 19(A) should be completed for all research 

projects.  If the research project involved human embryonic stem cells, items 19(B) and 

19(C) must also be completed. 

 

19(A) Did this project involve, in any capacity, human embryonic stem cells?  

______Yes  

__ X__ No  

 

19(B) Were these stem cell lines NIH-approved lines that were derived outside of 

Pennsylvania? 

______Yes  

______ No  

 

19(C) Please describe how this project involved human embryonic stem cells:  

 

 

20. Articles Submitted to Peer-Reviewed Publications.  

 

20(A) Identify all publications that resulted from the research performed during the funding 

period and that have been submitted to peer-reviewed publications.  Do not list journal 

abstracts or presentations at professional meetings; abstract and meeting presentations should 

be listed at the end of item 17.  Include only those publications that acknowledge the 

Pennsylvania Department of Health as a funding source (as required in the grant 

agreement). List the title of the journal article, the authors, the name of the peer-reviewed 

publication, the month and year when it was submitted, and the status of publication 

(submitted for publication, accepted for publication or published.).  Submit an electronic 

copy of each publication or paper submitted for publication, listed in the table, in a PDF 

version 5.0.5 (or greater) format, 1,200 dpi. Filenames for each publication should include 
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the number of the research project, the last name of the PI, the number of the publication and 

an abbreviated research project title.  For example, if you submit two publications for PI 

Smith for the “Cognition and MRI in Older Adults” research project (Project 1), and two 

publications for PI Zhang for the “Lung Cancer” research project (Project 3), the filenames 

should be:  

Project 1 – Smith – Publication 1 – Cognition and MRI 

Project 1 – Smith – Publication 2 – Cognition and MRI 

Project 3 – Zhang – Publication 1 – Lung Cancer 

Project 3 – Zhang – Publication 2 – Lung Cancer 

If the publication is not available electronically, provide 5 paper copies of the publication.   

 

Note:  The grant agreement requires that recipients acknowledge the Pennsylvania 

Department of Health funding in all publications.  Please ensure that all publications listed 

acknowledge the Department of Health funding. If a publication does not acknowledge the 

funding from the Commonwealth, do not list the publication. 
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Publication 

Status (check 

appropriate box 

below): 

 

1. None 

 

   Submitted 

Accepted 

Published 

 

2. 

 

   Submitted 

Accepted 

Published 

 

3. 

 

   Submitted 

Accepted 

Published 

 

20(B) Based on this project, are you planning to submit articles to peer-reviewed publications 

in the future?   

 

Yes____ X_____ No__________ 

 

If yes, please describe your plans: 

 

We plan to submit a manuscript based on this research to a peer-reviewed journal sometime this 

year. 

 

21. Changes in Outcome, Impact and Effectiveness Attributable to the Research Project.  

Describe the outcome, impact, and effectiveness of the research project by summarizing its 

impact on the incidence of disease, death from disease, stage of disease at time of diagnosis, 

or other relevant measures of outcome, impact or effectiveness of the research project.  If 
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there were no changes, insert “None”; do not use “Not applicable.”  Responses must be 

single-spaced below, and no smaller than 12-point type. DO NOT DELETE THESE 

INSTRUCTIONS.  There is no limit to the length of your response.  

 

This project investigates the underlying mechanisms of chemotherapy-associated taste 

abnormalities. Results from this study can explain, at least partially, how chemotherapy 

treatments may lead to taste loss.  

 

22. Major Discoveries, New Drugs, and New Approaches for Prevention Diagnosis and 

Treatment.  Describe major discoveries, new drugs, and new approaches for prevention, 

diagnosis and treatment that are attributable to the completed research project. If there were 

no major discoveries, drugs or approaches, insert “None”; do not use “Not applicable.”  

Responses must be single-spaced below, and no smaller than 12-point type. DO NOT 

DELETE THESE INSTRUCTIONS.  There is no limit to the length of your response. 

 

This research revealed that chemotherapy drugs can induce cell death, inhibit progenitor cell 

proliferation, and reduce the number of taste receptor cells in the peripheral taste tissues. 

These findings may ultimately lead to the development of new strategies to prevent or reduce 

chemotherapy-associated taste loss. 

 

23. Inventions, Patents and Commercial Development Opportunities. 
 

23(A) Were any inventions, which may be patentable or otherwise protectable under Title 35 

of the United States Code, conceived or first actually reduced to practice in the performance 

of work under this health research grant?  Yes   No X  

 

If “Yes” to 23(A), complete items a – g below for each invention. (Do NOT complete items 

 a - g if 23(A) is “No.”) 

 

a. Title of Invention:   

 

b. Name of Inventor(s):   

 

c. Technical Description of Invention (describe nature, purpose, operation and physical, 

chemical, biological or electrical characteristics of the invention):   

 

d. Was a patent filed for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

 

If yes, indicate date patent was filed:   

 

e. Was a patent issued for the invention conceived or first actually reduced to practice in 

the performance of work under this health research grant?   

Yes  No  

If yes, indicate number of patent, title and date issued:   
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Patent number:   

Title of patent:   

Date issued:   

 

f. Were any licenses granted for the patent obtained as a result of work performed under 

this health research grant?  Yes   No  

 

If yes, how many licenses were granted?    

 

g. Were any commercial development activities taken to develop the invention into a 

commercial product or service for manufacture or sale?  Yes  No  

 

If yes, describe the commercial development activities:   

 

23(B) Based on the results of this project, are you planning to file for any licenses or patents, 

or undertake any commercial development opportunities in the future?  

 

Yes_________ No____ X______ 

 

If yes, please describe your plans: 

 

 

24.  Key Investigator Qualifications.  Briefly describe the education, research interests and 

experience and professional commitments of the Principal Investigator and all other key 

investigators.  In place of narrative you may insert the NIH biosketch form here; however, 

please limit each biosketch to 1-2 pages.  For Nonformula grants only – include information 

for only those key investigators whose biosketches were not included in the original grant 

application. 
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