Please below is my research statement and CV. If I am given the opportunity to attend this program I think it will be so unique for me; since it will let me realize my goals – the quest to help my continent to be free from infectious diseases. I have done some modeling research on Malaria transmission, population dynamics and physiology. I will beextremely pleased if given the opportunity to attend this program.

Research Statement
Akongnwi Clement Mformbele

1 Current research

 I am currently conducting research in Mathematical Biology. This involves Mathematical Physiology (Oxygen transport to tissues) with applications in drug delivery strategies.

The mathematics of oxygen and substrate transport from capillaries to tissue are central to a multitude of research endeavors in both pure and applied mathematics. Its use and understanding is important to biologists and mathematicians and has applications in areas such as cancer chemotherapy, unsteady flow for dosage therapy and drug targeting strategies. A quantitative and qualitative understanding of oxygen transport via capillary networks is of interest to both theorists and applied scientists.

One model originally introduced by Krogh [1] has played a central role in the mathematical study of oxygen transport to tissue. His model consists of a single capillary from which oxygen diffuses into a surrounding cylinder of tissue with zero flux prescribed along the outer edge of the cylinder. The underlying assumption in the model is that oxygen delivered to tissue by a capillary is consumed only in the tissue immediately surrounding that capillary and that the tissue in the immediate vicinity of the capillary receives its oxygen only from this capillary.

While this model yields useful information about capillary-tissue exchange, it neglects both the effect of myoglobin (a protein-like diffusible substance found in the tissue that binds with oxygen and facilitates its diffusion within the tissue) and the effect of oxygen diffusion parallel to the capillary axis (axial diffusion) in the tissue. Moreover, since zero flux is prescribed at the outer boundaries, Krogh's model cannot account for oxygen exchange known to occur among capillaries.

Others have extended Krogh's single capillary model to account for the effect of myoglobin on oxygen transport to tissue (Kolkka and Salathe [15], Salathe and Chen [9] and Whiteley et. al. [13]). Also, Whiteley et. al. [13] (using numerical techniques) and Salathe et. al. [11] (using analytical techniques) have demonstrated the significance of axial diffusion (parallel to the axis) within the tissue.

While these improvements to the single-capillary model yield useful information about capillary-tissue oxygen exchange, they still neglect the large-scale interaction that occur among the multiple capillaries comprising a vascular bed and may incorrectly indicate that portions of the tissue are insufficiently perfused with oxygen and hence become anoxic.

In skeletal muscles, capillaries are long, run parallel and occur in bundles. These bundles are supplied by a common blood vessel, the arteriole, and drained by a common blood vessel, the venule. Variations from one capillary bundle to the next occur both in the degree of perfusion from the supplying artery and the velocity of blood flow within the bundles themselves. Given the differences in oxygen concentration both within the capillary bundles and the surrounding tissues, diffusion of oxygen and substrate therefore occurs from a richly perfused to a poorly perfused region, resulting in interaction among nearby capillaries. This large scale diffusion provides a source of oxygen and substrate for tissue other than that immediately surrounding the capillary.

An extension to multiple-capillary models leads to a formidable mathematical problem when more than a few capillaries are included. Numerical methods developed to treat such problems have yielded interesting results using a small-sized array of capillaries, but these methods impose a restriction on the number of capillaries that can be included (Popel [3], Popel et. al. [2], Goldman and Popel [4] and Sharan et. al. [14]). Moreover, in these analyses diffusion in the tissue in the direction parallel to the capillaries (axial diffusion) was neglected. Titcombe and Ward [12] used other approximate methods to include the effects of multiple capillaries in oxygen exchange, but they also neglected axial diffusion. As an alternative, a homogenization approach (averaging over the capillary bundle) was developed to analyze the interaction of a very large number of capillaries (Salathe [10]). Though this method provides a way to include interaction effects, it does not preserve the discrete structure of the capillaries within the tissue.

There is a need for more realistic models that can account for interaction that occurs as a result of heterogeneous perfusion of capillary bundles. These models need to address the effects of myoglobin in aiding oxygen transport to tissue, the effects of axial diffusion, countercurrent blood flow, and irregular capillary placements.

 In order to study interaction effects that exist within a network of capillaries, I am using a new approach recently developed for modeling transport and exchange in very many interacting capillaries (Salathe, [6]). The method consists of determining the oxygen concentration in a functional unit,consisting of a single capillary surrounded by a region of tissue, in which a flux is prescribed on the outer boundary of the region. This flux, which is a result of the interaction among all of the capillaries comprising the vascular bed, is found by matching the concentration along the common border between adjacent units. 

Because capillary lengths are large compared to their spacing, diffusion in the tissue in the direction parallel to the capillaries (axial diffusion) is small compared to diffusion in the plane perpendicular to the capillaries. For this reason axial diffusion is often neglected in diffusion analyses. However, axial diffusion does have a significant effect on oxygen and substrate concentration within the tissue, and on how these substances are delivered to the tissue by the capillaries. I included axial diffusion in the analysis by obtaining the solutions to the differential equation derived from the model with axial diffusion as a perturbation to the solution without axial diffusion. However, in the region near the arterial end axial diffusion is comparable to diffusion in the plane perpendicular to the capillaries. I used singular perturbation techniques to study these regions and appropriately match these regions (inner regions) to the regions where axial diffusion is negligible (outer region) using the method of matched asymptotic expansion.

The capillaries in skeletal muscle are grouped in bundles that are supplied by a single arteriole. Because these bundles may be differently perfused, large scale diffusion occurs between adjacent bundles even when their arterial ends are aligned and the flow is co-current. When the arterial end of one bundle is aligned with the venous end of another bundle, counter-current flow occurs and the interaction is greatly enhanced. I have examined oxygen transport under both of these conditions. Often however, the arteriole end of a capillary bundle may be somewhere between the arteriole and the venous end of adjacent bundle, with counter-current exchange over part of their common boundary and co-current flow over the remainder. With the co-current and counter current approaches developed, I have extended them to completely solve this problem. I have also analyzed and solve the time dependent problem with co-current flow where the capillary bundles considered are aligned at their arteriole ends.

2 Future Researches:

Drug targeting strategies for cancer chemotherapy

Presently cancer is treated primarily by surgery, targeted radiation, and chemotherapy (the application of cytotoxic agents). Developments in molecular biology, genetics and genomics suggest many new approaches: anti angiogenesis therapy, immunotherapy, gene therapy. In all, various therapeutic agents (for example Monoclonal antibody enzyme conjugate (mAb) for the activation of anti-cancer prodrugs) must be delivered in the treatment of cancer. These agents can be as large as an immune cell, or as small as an oxygen molecule. For these agents to be successful, they must reach target cells in vivo in optimal quantities and they must be effective in the in vivo microenvironments in tumor. Mathematical models have been developed to study the delivery of large anti-cancer agents within a vascular tumor, (Jackson et. al. [18]), that treat the tumor as a collection of independent Krogh tissue cylinders. I will show that large-scale interactions occur within multiple capillary vascular beds and have significant consequences for transport which cannot be accounted for with single capillary models. I will use the discretization technique used in multi-capillary substrate transport model to account for macromolecules associated with cancer treatment in drug delivery strategies. The ideas of the oxygen transport

model will be used to develop better mathematical methods to improve transport of therapeutic agents to tumor cells in order to obtain optimal quantities while at the same time reducing the toxicity effects to normal tissues.
 I plan to extend the substrate model to include the effects of axial diffusion and to include the role of myoglobin in the analysis of oxygen transport with axial diffusion

 With my knowledge in statistics and probability, I would like to reconsider capillary exchange to include stochastic effects and see how the distribution of capillaries give insight to capillary tissue exchange.

 I intend to extend my research work on drug targeting strategies for cancer chemotherapy to include new techniques-use of nanotechnology and also, angiogenesis.

Epidemiology and Statistics:
 A current major problem for some diseases, like malaria, is that the mosquitoes that spread the disease are resistant to sprays. Also, it is believed that tuberculosis has re-emerged due to drug resistance [21]. Hence there is need for mathematical models that include these effects and I am very interested in these aspects.

 New infectious diseases continue to emerge, including the Lyme disease (1975), Legionnaires disease (1976), hepatitis C (1989), and old diseases that were thought to be under control continue to re-emerge, such as the dengue fever [20], [21],and tuberculosis in humans [21]. The hope of managing these diseases has led to interest in models that can compare programs for prevention, management and control and I plan to join in this effort.

Since the emergence of HIV (Human Immunodeficiency virus) in 1981, the etiological agent for AIDS (Acquired Immunodeficiency syndrome), there has been intense research throughout the world. This is an infectious disease that continues to plague the world and its effects especially in the less developed countries is substantial. I also plan to join and contribute towards this research.

I also intend to join future research in neuro-physiology and population dynamics.
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Objective

 Seeking a tenure track teaching mathematics/statistics or a Post Doctoral position.

RESEARCH INTERESTS

Mathematical Biology, Perturbation Techniques, Differential Equations, Statistical methods

The use of Mathematics in studying Biological phenomena is growing everyday. One of my interests is in the development of models applicable to transport phenomena from capillaries to tissues. This research has several extensions especially to drug administration to tumor growth in cancer chemotherapy and I am interested in these applications. The mathematics involves solving partial differential equations and also using asymptotic and perturbation techniques in analyzing partial differential equations. 

I am also interested in the use of both ordinary and partial differential equations and the use of statistical methods to model the transport phenomena in capillaries with time dependence.

EDUCATION

1 Ph.D. in Math/Applied Mathematics, December 2007, Lehigh University, Bethlehem, PA, 18015

Dissertation: Mathematical analysis of oxygen transport within a mult-icapillary system in skeletal muscle 

Advisor: Prof. Eric P. Salathe.

2 M. S. in Statistics, May 2006, Lehigh University, Bethlehem, PA, 18015

GPA 3.94/4.0

3 M.S. in Mathematics, October 1999, University of Buea, S.W.P, Cameroon

Thesis: Groups of extensions for abelian groups

Advisor: Dr. Fai Francis Mbuntum.

GPA 3.3/4 (equated to 3.9/4 in USA by World Education Service New York)


Best Department of mathematics Student Award.


Overall best student in graduating class.

         4     B.S. (Honors) in Mathematics, October 1997, University of Buea, S.W.P, Cameroon

                GPA 3.4/4 (equated to 3.95/4 in USA by World Education Service New York)
Best Mathematics Student Award

Overall best student in graduating class.

        5      Minor in Computer Science, University of Buea, S.W.P, Cameroon

6    General Certificate of Education (GCE) Advanced Level: administered by the Cameroon GCE Board, ranked 5th out of the 18475 students who took the 

      examination.

7    General Certificate of Education (GCE) Ordinary Level: administered by the Cameroon GCE Board, ranked 1st out of the 38236 students who took the 

      Examination      

POSITIONS HELD

1 Teaching Assistant, Lehigh University, Fall of 2003-Spring of 2007

2 Assistant Professor, University of Buea, August 1999-June 2003

3 Summer Instructor, Higher teachers training college annexed Bambili, summer of 1998-2003

4 Chair, Department of mathematics, Presbyterian Comprehensive Secondary School(PCSS) Buea, August 1999-June 2003

5 Dean’s Fellow, Lehigh University, Fall of 2003-Spring of 2007

6 Teaching Assistant, University of Buea, Fall 1997-Spring 1999

7 Summer Excel  Professor, Lehigh University, 2003 -2005

8 Examiner/Coordinator, Mathematics and Applied Mathematics for Cameroon GCE Board, 1999-2003

9 Teacher Trainer, German Development service DED-EZE, a pedagogic in-service training program for high schools teachers of the Cameroon Baptist Church (CBC) and the Presbyterian Church in Cameroon (PCC), 2000-2003 

TEACHING EXPERIENCE

· Graduate Teaching Assistant, Lehigh University

1 Math 22: Calculus 2

2 Math 23: Calculus 3 (Several variable calculus)

3 Math 75: Calculus 1 part A

4 Math 76: Calculus 1 part B

5 Math 12: Basic Statistics

6 Math 21: Calculus 1

· Assistant Professor, University of Buea
1 Mat 201: Calculus I
2 Mat 202: Calculus 2

3 Mat 209: Methods of applied calculus 1
4 Mat 210: Methods of applied calculus 2
5 Mat 203: Abstract Algebra
6 Mat 204: Linear Methods
7 Mat 301: Analysis 1
8 Mat 303: Linear Algebra 1
9 Mat 305: Mathematical Probability
10 CSC 201: Elementary computer science 1
11 CSC 202: Elementary computer science 2
12 CSC 303: Operating System 1
13 Mat 304: Linear Algebra 2
14 Mat 306: Mathematical Statistics
15 Mat 408: Ordinary Differential Equations
· Tutor, Lehigh University
1 Math 21, 22, 23: Calculus I, II and III
2 Math 205: Linear Algebra and differential Equations
3 Math 12: Basic Statistics 

4 Math 301: Real Analysis
5 Math 306: Complex Analysis
· Graduate Teaching Assistant, University of Buea
1 Mat 201: Calculus I
2 Mat 202: Calculus 2

3 Mat 209: Methods of applied calculus 1
4 Mat 210: Methods of applied calculus 2
5 Mat 203: Abstract Algebra
6 Mat 204: Linear Methods
7 Mat 301: Analysis 1
8 Mat 303: Linear Algebra 1
· Teacher, PCSS BUEA
1 Mathematics

2 Computer Science

3 Applied Mathematics

4 Sports

5 Moral Education
6 Music
· Summer Excel Professor

1 Calculus1

2 calculus2
· Teacher Trainer

1 Taught teachers of the CBC how to teach mathematics, applied mathematics and computer science to high school students

2 Taught teachers of the PCC how to teach mathematics, applied mathematics and computer science to high school students

RESEARCH EXPERIENCE

· Lehigh University, Bethlehem, PA
Ph.D. Dissertation:  Advisor, Eric P. Salathe, August 2003-August 2007
· University of Buea, Buea, SWP
                 Masters Dissertation:  Advisor, Fai Francis Mbuntum, July 1997-May 1999

· Undergraduate research project "Unique solutions of Ordinary Differential Equations", University of Buea Cameroon, 1996
· Undergraduate research project "Group Extensions", University of Buea Cameroon, 1997
HONORS/AWARDS

· Best Professor, Summer Excel program, summer 2004

· Best Professor, Summer Excel program, summer 2005

· Best Overall Student Award for the graduate Program University of Buea, Cameroon 1999

· Best Mathematics Student Award, University of Buea-Cameroon, 1994 and 1997

· Top ten student Award, University of Buea-Cameroon, 1997

· Dean’s list award for all semesters, University of Buea, Cameroon

· Member of the Honor Society for International students and Scholars-Beta Pi Chapter of Phi Beta Delta (Inducted in 2004)

· Granted Fellowship by Lehigh University, 2003

· Commonwealth Scholarship awardees, August, 1999

· Best GCE Ordinary level results award Cameroon, 1992

· Excellent GCE Advance level results award Cameroon, 1994

· Memorial Scholarship for Excellence in Mathematics, Cameroon, 1999

· Placement in "Who Is Who Among students in American Universities and Colleges", for academic excellence, leadership and service to campus communities, 2006

PUBLICATIONS

       Author of five mathematics text books for Cameroon schools.

                
Effective mathematics for Cameroon Schools Book1 & workbook1



Effective mathematics for Cameroon Schools Book2 & workbook2



Effective mathematics for Cameroon Schools Book3 & workbook3



Ordinary Level mathematics for Cameroon School



Advance Level mathematics for Cameroon School

CONFERENCES ATTENDED

       1      AMS-MAA National Meeting, New Orleans,  January 5-8, 2006.

· Mathematics conference, University of Buea, May 7-9 2001.

· Algebra National Meeting, University of Yaoundé I, March 12-18, 1999.

· IMA (Institute for Mathematics and its Applications) Career Workshop on Minorities and Applied Mathematics, University of Minnesota, Minneapolis, MN, April 22-24, 2005.

· SMB International Conference, University of Michigan, Ann Arbor, Michigan, July 25-28, 2004

· International Conference on Differential Equations and Applications in Mathematical Biology, Nanaimo, British Columbia, Canada, July 18-23, 2004

GRANTS

1 Graduate student travel grant, Lehigh University, 2006

2 Undergraduate research grant  for applied mathematics, University of Buea, 2002

PROFESSIONAL ACTIVITIES AND MEMBERSHIPS

Memberships
· Member of the American Mathematics Society, AMS

· Member of the Society for Mathematical Biology, SMB

· Member of the Society of Industrial and Applied Mathematicians, SIAM

· Member of the Mathematical Association of America MAA

· Member of the Honor Society for International students and Scholars-Beta Pi Chapter of Phi Beta Delta
Activities
· Ran the Math Help Center at Lehigh University, Fall 2004-present

· Mentor for Manka'a Rosaline, an undergraduate summer research student from the University of Dschang.
· Mentor for new Teaching Assistants, Lehigh University, Fall 2006

· Graduate Student Orientation Staff, Fall 2006

· International Student Orientation Staff, Fall 2004

· Provide scholarships to poor but intelligent African students in the sciences and mathematics

COMPUTER AND LANGUAGE EXPERIENCE

· Computational/Simulation Software: Maple, Mathematica
· Statistical package: Minitab, Excel

· Programming Languages: PASCAL, MATLAB, MAPLE

· Proficient in Power point 

· Operating Systems: Windows, familiar with Unix

· Proficient in French

LEADERSHIP/TEAMWORK/OTHERS

 Leadership

·  Senior prefect, Cameroon College of Arts, Science and Technology, Cameroon, 1991-1992

· Class coordinator, Cameroon College of Arts, Science and Technology, Cameroon, 1993-1994

Teamwork

· Led an undergraduate project group that designed an algorithm for a differential equation solver in a Computer Engineering course. Role was to lead the team

Others

· Excellent time management skills

· Creative Instincts and problem solving skills
· Desire for achievement, excellence, and continuous improvement
· Honest, Hardworking, and dedicated to “getting things done”

REFERENCES

· Eric P. Salathe(Ph.D. Dissertation Advisor), Ph.D., Professor of Mathematics, Director of the Institute for Biomedical Engineering and Mathematical Biology, Lehigh University, Bethlehem, PA, 18015, (484) 241 0376 eps0@lehigh.edu   

· Wei-Min Huang(M.S. statistic advisor and Ph.D. committee member), Ph.D., Professor of Mathematics and Statistics, Lehigh University, Bethlehem, PA, 18015, (610) 758 3721 wh02@lehigh.edu
· Edwin Kay (Mentor), Ph.D., Professor of Mathematics and also Computer Science, Lehigh University, Bethlehem, PA, 18015, (610) 758 3623, edwink@lehigh.edu
· Fai Francis Mbuntum (M.S. Thesis Advisor), Ph.D., Professor of Mathematics, University of Buea-Cameroon fsmfai@yahoo.co.uk
· Linghai Zhang (Mentor and Ph.D. committee Member), Ph.D., Professor of Applied Mathematics, Lehigh University, Bethlehem, PA, 18015, (610) 758 4116, liz5@lehigh.edu
