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Microfluidic technologies represent 
one of the most compelling ways 
forward for the miniaturization of a variety of labo-
ratory assays, including everything from ELISA to 
PCR. However, applications of microfluidics in clini-
cal medicine remain relatively unexplored, particu-
larly in disease states involving aberrations in the 
quantity of specific cell types. 

In this issue, we are excited to present cutting-
edge work from Professor Mehmet Toner’s group. 
Research Fellows Sunitha Nagrath and Xuanhong 
Cheng, authors of the feature article Microfluidics in 
Clinical Medicine - Are we there yet?, present some of 
their efforts to develop microfluidic diagnostic tools 
for cancer and HIV.

The development of solid tumors is often accompa-
nied by the appearance of circulating tumor cells in 
the bloodstream, which are thought to be a major 
contributing factor in metastatic disease. Sunitha 
Nagrath’s work shows that microfluidic devices can 
be used to rapidly quantify the concentration of 
circulating tumor cells present in patient samples, 
with a dynamic range much larger than technolo-
gies such as magnetic beads. Her work provides a 
glimpse of a future in which point-of-care microflu-
idic chips become a standard, low-cost tool for can-
cer diagnosis and prognosis.

The low cost of mass-produced microfluidics makes 
them attractive for other applications as well. HIV is 
responsible for the largest and most tragic global 
disease burden in modern times. A significant bar-
rier preventing transmission of the disease or con-
sistent monitoring of patients known to have HIV is 
the lack of sufficient diagnostic resources in third-
world countries. Xuanhong Cheng’s studies show 
the feasibility of developing accurate, low-cost HIV 
diagnostics using microfluidic technologies. The 
platform that she has developed will enable doc-
tors to inexpensively monitor CD4+ T-cell counts, a 
key indicator of HIV prognosis. This device is expect-
ed to have large impact in resource-poor settings, 
where flow cytometers are typically not available.

Given the fact that these developments have pro-
ceeded rapidly over only the past few years, one 
may conclude that we have not yet seen the tip 
of the iceberg in terms of potential applications. 
When considering this fact, what is most striking is 
the sheer practicality and usefulness of the current 
systems, despite their early state of development.

As I will be leaving the CEM on June 1, 2007, this 
will be my last issue as Editor of the CEM Commu-
niqué. I have thoroughly enjoyed the CEM experi-
ence and am extremely grateful to have had the 
opportunity to work with such bright, inspiring, 
and caring colleagues. Thanks to everyone, and I 
look forward to reading about more exciting news 
in future issues of the Communiqué!

NEW MEMBER PROFILES
Basak Saygili joined the Tis-
sue Engineering and Stem Cells 
research group at the CEM in 
November 2006. Basak received 
her Ph.D. in Chemical Engineer-
ing from Wayne State University 

in Detroit, MI where she studied the effects of 
polysaccharide-based biomaterials on the dif-
ferentiation of mesenchymal stem cells. Her 
research at the CEM is currently focused on he-
patic differentiation of embryonic stem cells, as 
well as tissue engineering of the macula. In her 
free time, Basak enjoys reading, cooking, and 
watching Pistons basketball.

Nitin Agrawal joined the Mi-
crofabrication research group at 
the CEM in October 2006. Nitin 
received his Ph.D. in Chemical 
Engineering from Texas A&M Uni-
versity where he designed and 

developed novel convective flow devices for 
high speed DNA analysis via PCR. His research at 
the CEM is currently focused on capturing and 
analyzing the migration mechanism of neutro-
phils using plastic microfluidic chips providing a 
better understanding of the immuno-inflamma-
tory response to trauma. In his free time, Nitin 
enjoys traveling, reading, tennis, and watching 
sci-fi programs such as Stargate.
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MICROFLUIDICS IN CLINICAL MEDICINE 
Are we there yet?
Sunitha Nagrath and Xuanhong Cheng
snagrath@partners.org / xcheng@partners.org

Introduction
As discussed in a recent Nature review article (El-Ali, et al. 2006, 
442:403), microfabricated devices have come a long way toward fa-
cilitating both applied and basic research into the biology of cells 
and tissues. However, many devices have so far only been tested with 
simple, low complexity samples, and examples of multi-step integra-
tion are only now emerging. It is a significant challenge to examine 
real biological specimens, and often they require fractionation or pre-
processing before introduction into microdevices. In this article, we 
highlight ongoing efforts at the CEM to process whole blood samples 
for clinical applications. In the first part, we discuss the application of 
microdevices to capture and quantify circulating tumor cells from the 
blood of cancer patients. The second part of the article focuses on the 
introduction of low-cost microfluidic devices as tools for HIV diagnos-
tics in resource-poor settings.

Microchips for Cancer Diagnostics
Metastasis is defined as the spread and growth of tumor cells from 
the primary site to distant organs, and represents the most devastat-
ing and deadly attribute of cancer. The first observation of tumor cells 
in the blood was described in 1869 by Ashworth, in a post-mortem 
cancer patient. It is now well-established that more than 80% of all 
epithelial cancers, including lung, breast, prostate, and colon have 
epithelial cells present in the peripheral blood of patients with meta-
static disease - called circulating tumor cells (CTCs). The ability to non-
invasively isolate CTCs and various biologically important subsets of 
CTCs from the blood of cancer patients has far-reaching diagnostic, 
prognostic, therapeutic, and basic cancer biology implications. 

Unfortunately CTCs are very rare, even in patients with advanced 
cancer, comprising as few as 1 to 10 cells/mL of blood. As a result, 
a reliable “rare cell sorter” for CTCs needs to achieve a sensitivity of 
detection of approximately 1 CTC among 1 billion blood cells. Vari-
ous approaches have been adapted to separate CTCs from periph-
eral blood, and current methods generally suffer from limitations in 
sensitivity and throughput. Conventional cell separation and enrich-
ment techniques are semi-automated at best, with multiple “bulk” 
enrichment steps, such as magnetic particle sorting, which limits their 
practical implementation as the sensitivity of CTC detection is low and 
highly variable. Optical imaging systems for identification of rare cells 
require multiple pre-enrichment steps that are associated with loss of 
rare CTCs.

In contrast, the emerging technology of microfluidic lab-on-a-chip type 
devices is extremely attractive for blood analysis. These techniques re-
quire only minimal handling and are based on characteristics such as 
mechanical and optical properties, electrical polarization, and/or im-
munological properties. Despite extensive fundamental and applied 
efforts, the microsystem-based approaches described so far are either 

not scalable to larger volumes necessary for rare CTC detection or have 
only been used in idealized systems such as buffer solutions with cell 
lines. As a result, none of the prior microfluidic or lab-on-a-chip type ap-
proaches has provided a mechanism for the reliable and rapid isolation 
of CTCs from whole blood. Hence, we have developed a microfluidic 
technique that overcomes many of the shortcomings of both traditional 
blood cell sorting systems, as well as recent microfluidic approaches.
Our approach captures cancer cells from peripheral blood by posi-
tive selection. The method does not require pre-labeling of cells or 
extensive pre-processing of the sample. The approach is based on 
affinity capture of target cells on antibody-functionalized posts, and 
has the advantages of higher throughput, imaging and phenotyp-
ing of captured cells, and subsequent lysis and DNA extraction for 
molecular analyses (Figure 1). The complete system consists of a mi-
crofluidic chip etched in silicon, a manifold to enclose the chip and 
a pneumatic pump to establish flow through the capture module 
(Figure 2). The silicon microchip consists of anti-epithelial cell adhe-
sion molecule (EpCAM) coated micro-posts.

Figure 1. One-step process for point-of-care device isolation of 
CTCs from peripheral blood of cancer patients.

Figure 2. (Top) Manifold assembly to process whole blood. (Bot-
tom) SEM image of microchip surface, which is functionalized 
with anti-EpCAM antibodies for CTC capture.

METHODS IN BIOENGINEERING
The second annual Methods in Bioengineering conference will be held July 12-13,  at MIT’s Kresge Auditorium. The conference will focus on cut-
ting-edge technologies in BioMEMS, regenerative medicine, functional imaging, opto-electronics, and cellular modeling. This year’s meeting 
will be a stellar educational and networking event showcasing a collection of academic research and development activities occurring in six 
NIH-sponsored Resource Centers. The abstract deadline is June 16, 2007.  For more information, visit http://cem.sbi.org/MiB.
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Microfluidic isolation of CTCs from whole blood is mediated by the in-
teraction of target CTCs with the antibody-coated microposts, under 
precisely controlled laminar flow conditions, allowing for ultra high-
throughput screening (50-100 million cells per second). The samples 
are flown through the capture device and the cells expressing epi-
thelial-cell adhesion molecule (EpCAM) are captured. Fluorescently 
labeled monoclonal antibodies to cytokeratin and CD45 are used 
to distinguish epithelial cells from leukocytes. The efficiency of the 
method has been demonstrated using both a human non-small-cell 
lung cancer (NSCLC) cell line and peripheral blood samples obtained 
from cancer patients. In tumor cell spiking experiments, the CTC Chip 
achieves recovery of 65% of 100 cells/mL with 95% purity. In blood 
samples from patients with metastatic cancers of the lung, prostate, 
pancreas, breast, and colon, CTCs were identified from whole blood in 
61/62 cases (98%), ranging  from 5 to 1281 CTC/mL (as low as 1 CTC in 
109 blood cells), with ~50% purity (estimated 106 fold enrichment). 

Figure 3. (Top) Captured tumor cells (H1650) spiked into whole 
blood. (Bottom) Recovered cells from the peripheral blood of a 
prostate cancer patient. Shown here is an overlap image of im-
munostaining for prostate specific antigen (PSA) and DAPI.

The development of an effective microfluidic device for identifica-
tion of CTCs in patients with epithelial cancers raises the possibility of 
serial point-of-care monitoring, and has implications for early detec-
tion and molecular diagnosis of cancer. We are aiming to introduce 
microfluidic technologies to clinical medicine for molecular diagnos-
tics in lung cancer. Our current efforts are focused on developing a 
targeted therapy (pharmacogenomics) approach for NSCLC patients 
by identifying those with epidermal growth factor receptor mutations 
who may benefit from treatment with tyrosine kinase inhibitors, using 
CTCs as a noninvasive “blood biopsy.”

Microchips for HIV Diagnostics
In just 25 years, HIV infection has become the leading cause of death 
in African adults, and it may soon become the greatest scourge in hu-
man history. It disproportionately affects developing countries with 
significant resource limitations. As the price of the antiretroviral drugs 

used for HIV treatment drops dramatically, the lack of affordable, ap-
propriate laboratory diagnostics has become the greatest technical 
barrier to delivering HIV treatment worldwide.

The count of a specific white blood cell population, CD4+ T lympho-
cytes, is the single most important test used in HIV treatment. In healthy 
adults, the absolute number of CD4+ T cells is roughly 800-1,000 cells/
mL. In HIV infection, progressive damage to the immune system leads 
to an inexorable decline in CD4 cell counts. This progression is used 
to determine the eligibility for treatment: a CD4 cell count below 200 
cells/mL establishes the diagnosis of AIDS, and is used throughout the 
world to initiate antiretroviral treatment (ART) and prophylaxis against 
opportunistic infections. Higher CD4 cell count thresholds of 350 or 
500 cells/mL are widely used to increase the intensity of monitoring. 
Once treatment is initiated, CD4 cell counts are then used to monitor 
patients during lifelong therapy, and regular CD4 cell count testing—
four times per year—is recommended for all HIV-infected patients, 
including those in developing countries.

Currently, the reference method for CD4 cell counting relies on a so-
phisticated instrument: the flow cytometer. Although high-through-
put and accurate, the high cost of equipment and reagents as well as 
the technical requirements for operation and maintenance of most 
flow cytometers have limited their reach and significantly delayed the 
implementation of HIV treatment programs in resource-limited areas 
worldwide. Alternative methods for CD4 counting are neither widely 
used nor recommended by WHO guidelines due to the their heavy 
labor dependence and inaccuracy.

Microfluidic Capture of CD4+ T-Cells
To provide an inexpensive and easy method to obtain CD4 counts, we 
proposed to specifically isolate CD4+ T-cells from whole blood in a 
microfluidic channel, followed by enumeration of these cells with a 
simple optical microscope. This was achieved using a simple, linear, 
single-chamber flow channel fabricated with an elastomer, PDMS, 
and then bonded permanently to a glass cover slip. Figure 4 shows a 
schematic depiction of the operating procedure of the CD4 counting 
device. Figure 5 is a photograph of the actual microfluidic chip. The 
channel inside the chip is functionalized with a monoclonal anti-CD4 
antibody that can pull CD4+ T cells out of blood.

Figure 4. Schematic showing operating procedure of CD4 count-
ing device. 
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Figure 5. Photograph of the microfluidic chip.

We demonstrated that CD4+ T-cells can be separated from blood 
into our device with high purity and efficiency. After flushing un-
bound cells from the microfluidic devices, the total number of iso-
lated cells were counted using a simple optical microscope and com-
pared with counts obtained by flow cytometry, using whole blood 
samples from 49 HIV+ adult subjects (Figure 5). With a protocol that 
requires no sample preparation, we observed an excellent correla-
tion between CD4 counts obtained by manual counting of cells sep-
arated in this simple microfluidic chamber, and samples processed in 
parallel by flow cytometry. To our knowledge, this device is the first 
design to directly use unprocessed whole blood without specialized 
reagents to separate CD4 cells. This microscale CD4 cell separation 
approach forms the basis for our design of automated, simple, rapid 
and affordable CD4 counting device suited for point-of-care and re-
source-limited settings.
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NEW TO THE CEM
Name   From  Group
Nitin Agrawal  Texas A&M Microfabrication
Anurag Bajpayee  MIT  Biopreservation
Mitali Banerjee  Bose Institute Biopreservation 
Anthony Chang  U Illinois  Biopreservation
Maxime Guillemette Laval U  Microfabrication
Amit Gupta  Purdue U Microfabrication
Srivatsan Kidambi Michigan State Anesthesiology
Piyush Koria  SUNY Buffalo MNB
Alan Rosenbach  Technion Microfabrication
Basak Saygili  Wayne State Stem Cells
Korkut Uygun  Wayne State Metabolism

RECENT DEPARTURES
Name  To   
Sihong Wang Assistant Professor, Bioengineering, CUNY
Yoko Tanimura Assistant Professor, Surgery, Aichi U,  Japan
Z Kelley  Graduate Student, U Rochester
Luke Selby    Medical Student, NY Medical College

CENTER FOR EXPLORATION OF MOUNTAINS
François Berthiaume - fberthiaume@hms.harvard.edu

The Center for the Exploration of Mountains (The Other CEM) is in 
its 10th year of existence! It all started as a loosely organized group 
of individuals working at Shriners Burns Hospital and MGH, who got 
together in the fall of 1998 for a weekend backpacking trip to the 
White Mountain National Forest in New Hampshire. Since then, ev-
ery year from May to August, we have organized a number of hiking 
and backpacking trips that generally take place in the White Moun-
tains, the Adirondack State Park in New York, the Green Mountains 
in Vermont, and Baxter State Park in Maine. The trips typically last 
one weekend, although in many cases one can join for one day only. 
The first trip in May is usually an easier car camping trip to get initi-
ated to the outdoors world.  From time to time, we also organize sea 
kayaking and white water rafting excursions. For the past few years, 
we have also extended our hiking season to include winter hiking 
and camping, as well as a ski trip in Canada. Since 2005, we have 
organized one major backpacking trip each year on the West Coast. 
Below is a sample of pictures taken from the past few years. Some of 
you will recognize familiar faces of people who used to work at the 
CEM and have moved on elsewhere!



2006: Pilates lesson on top of Sheep Mountain, Yellowstone 
National Park, Wyoming

2005: Picking blueberries in Wrangell-St. Elias National Park, 
Alaska

2004: Hiking in the Sierra Nevada, California

2003: White Mountain National Forest, New Hampshire

2002: Making the food bear-proof before going to bed, Adiron-
dack State Park, New York (although we have never seen a bear, 
we believe they exist!).

2001: Kayaking in the Gaspé Peninsula, Québec, Canada
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2000: Overnight “lean-to” shelter in the White Mountain Na-
tional Forest, New Hampshire

1999: Stop along the ridge coming down from Mt. Adams, White 
Mountain National Forest, NH

The other CEM is planning several exciting hiking trips for the re-
mainder of this year.  Bring your friends along!  A description is sent 
to the “other CEM” e-mail list (if you would like to be added to this 
list, let me know by sending a message to fberthiaume@hms.har-
vard.edu).

2007 TRIP SCHEDULE

June 22 – 24 Whitewater Rafting – Penobscot River, ME

July 20 – 22 Backpacking – The Bonds and Franconia Ridge, NH.  A 
classic backpacking trip in the White Mountain National Forest.

August 10 – 19 Backpacking – Rocky Mountain National Park, CO
Actual hiking between August 11 and 18.

Oct. 6 – 8 9th Annual Reunion – Green Mountains, VT. Backpacking 
along a stretch of the Long Trail.

Nov. 22 – 26 Thanksgiving Trip – Somewhere South. Exact details to 
be announced later, but expect nothing but the best!

Dec. 14 – 16 Winter Camping Initiation – Monadnock State Park, NH.  
Car camping on the snow (snow permitting) and day hikes.

For more information visit: http://cem-outdoors.home.comcast.net/
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