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Abstract

Background and Methods—Cell isolation from macaque tissues involves laborious enzymatic
digestion. The Medimachine provides a simpler, quicker non-enzymatic method, yielding 1.5-5
million cells/g of vaginal or rectal tissue from pigtailed macaques.

Results and Conclusions—Flow cytometry analysis of the two methods revealed similar

levels of cell viability and most major cell lineage and activation markers.
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Introduction

Macaques are integral in the development of pre-exposure prophylaxis (PrEP) modalities of
HIV-1 prevention [2, 5, 6, 15, 16, 23]. The characterization of leukocytes in vaginal and
rectal compartments is required to define target or protective cells at these sites and is
important for PrEP development. Conventional methods of cell isolation from macaque
tissues involve a lengthy, multistep process with tissue digestive enzyme (s) followed by
Ficoll separation [4, 13, 14, 18, 19, 21]. While this approach is useful for processing large
amounts of tissue, the expression of cell surface receptors can be negatively affected [1, 3, 8,
9,11, 12, 20, 22]. A non-enzymatic technique was therefore explored. The Medimachine is a
compact tissue disaggregation instrument with dimensions that make it conducive to
placement in a standard biologic safety cabinet. This system can yield viable cells from
tissue samples such as human cervical explants and rodent testicles [7, 13, 17]. Described
herein is a Medimachine-based method that has been optimized for cell isolation from
macaque vaginal and rectal tissues.
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Materials and methods

Instruments

Animals

The Medimachine (<5 Ibs, 6.5in 9 7.5in 9 7.5 in) and Medicon chambers were purchased
from BD BioSciences (San Jose, CA, USA).

Pigtailed macaques were housed under biosafety level 2 containment conditions according
to the Guide for the Care and Use of Laboratory Animals at the Centers for Disease Control
and Prevention. Four female pigtailed macaques infected with simian human
immunodeficiency virus (SHIV) were humanely euthanized in accordance with the
American Veterinary Medical Association Guidelines on Euthanasia, June 2007. All
procedures were approved by the CDC Animal Care and Use Committee.

Tissue and blood processing

Vaginal and rectal tissues obtained at necropsy from two macaques were enzymatically
digested as previously described [4]. Tissues measuring 2 cm x 2 cm from the remaining
two animals were processed using the Medimachine. Tissue sections were weighed, diced
into <5 mm sized pieces using a sterile disposable scalpel, and processed in successive
batches of 4-5 pieces. Approximately 500 pl of RPMI containing 20% fetal calf serum was
added into the Medicon chamber’s port using a sterile Pasteur pipette. Tissue was processed
for 30 s—=1 minute at 100 rpm. The cell suspension was collected from the chamber’s port
using a sterile Pasteur pipette. The chamber was rinsed once with fresh media to increase
yield. Each chamber was used no more than three times for each macaque tissue sample.
Cell suspensions from each run were pooled and run through a 50 micron filter twice. Cells
were washed once by spinning at 300 x g for 5 minutes, then resuspended in 1 ml of fresh
RPMI and counted. Peripheral blood mononuclear cells (PBMC) were obtained by standard
Hypaque-Ficoll centrifugation. Cell counts were performed using the Invitrogen Countess
(Invitrogen, Carlsbad, CA, USA).

Flow cytometry

Cells were surface stained, fixed, and refrigerated at 4°C overnight, followed by flow
cytometry using the BD LSRII instrument according to manufacturer’s protocols (BD
Biosciences, Carlshad, CA, USA). An 11-color flow panel of cross-reactive antibodies was
used: CD3 Alexa700, CD4 BD-V500, CD8 BD-V450, CD20 FITC, CCR5 PE, CXCR4 PE-
CF594, CCR7 PE-Cy7, CD45RA PE-Cy5, CD14 APC, CD69 APC-H7, and HLA-DR
BV605 (BD Biosciences). Samples were analyzed using FlowJo (TreeStar Inc, Ashland, OR,
USA), and results graphed using GraphPad Prism 5 (Graphpad Software Inc, La Jolla, CA,
USA).

Results and discussion

Vaginal and rectal tissue samples from female pigtailed macaques (N = 2) were processed
using the Medimachine as outlined above. A yield of 1.5-5 million cells/gram of tissue was
obtained, with a processing time that was approximately half the 3-5 hours typically

J Med Primatol. Author manuscript; available in PMC 2019 August 27.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pereira et al.

Page 3

associated with enzymatic digestion. A comparison of cell viabilities and expression of
surface markers on cells isolated using the non-enzymatic (N = 2) and standard enzymatic
methods (N = 2) was performed using a detailed 11-color flow cytometry panel. As shown
in Fig. 1A (upper panel), the viabilities of rectal tissue-derived cells, based on forward and
side scatter profiles, were similar between the two methods. However, a well-defined
population of live cells was noted for Medimachine-processed tissues, while this population
appeared less distinct in enzymatically processed samples. The separation of CD20* B-cell
and CD3*CD4*/CD8* T-cell lineages into distinct subsets was also evident for
Medimachine-derived cells and is consistent with the pattern normally seen with
enzymatically digested tissue (Fig. 1A) and with PBMC (Fig. 1C). Similar staining patterns
were observed for cells isolated from macaque vaginal tissue using the Medimachine, as
illustrated in Fig. 1B.

In addition to confirming the identification of major T-cell and B-cell lineages, the potential
effects of enzymatic and non-enzymatic methods on the levels of monocyte, trafficking, and
activation markers were also examined. Specifically, the levels of CCR5, CXCR4, CCRY7,
CD45RA, CD14 and the early and late activation markers CD69 and HLA-DR, respectively,
were determined by flow cytometry and are summarized in Fig. 2. The expression levels of
these markers on cells isolated from rectal tissue were comparable between the two methods
(Fig. 2). However, greater than twofold lower levels in CD4 expression were observed for
enzymatically digested tissues, with CD14 expression being nearly absent when compared
to non-enzymatically processed tissues (Fig. 2, upper panel). Similar observations were
noted for vaginal tissue-derived cells (data not shown). While conclusions about the impact
of enzymatic digestion on CD4 and CD14 cell surface markers cannot be made in this study,
given the small sample size, that each macaque was at different stages of SHIV infection and
that the methods were not used in parallel in the same animal, it is noteworthy that previous
reports have also shown reductions in the expression of both these cell surface molecules
following enzymatic treatment [1, 3, 8-12]. These observations collectively emphasize the
need for cautious interpretation of lymphocyte phenotypes obtained via enzymatic digestion.

In summary, the Medimachine requires fewer reagents and is a simpler, quicker alternative
for tissue processing than enzymatic digestion. While the latter technique offers the
advantage of processing larger amounts of tissue at a time, the apparent minimal impact of
non-enzymatic processing on cell surface molecules may prove to be a better option for
downstream flow cytometry applications.
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Fig. 1.

Flow cytometry gating strategy for identification of CD20* B-cells and CD3* T-cell subsets
in (A) rectal mononuclear cells derived by the non-enzymatic Medimachine method (N = 2)
or by enzymatic processing (N = 2) of rectal tissue, and (B) vaginal mononuclear cells from

non-enzymatically processed vaginal tissue (N = 2), all from SHIV-infected macaques.

Shown for comparison are representative data for (C) PBMC isolated from one of the SHIV-

infected macaques.
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Fig. 2.

Comparison of B-cell, T-cell, and monocyte subsets (upper panel) in enzymatically derived
(green) and non-enzymatically derived (Medimachine, blue) mononuclear cells from rectal
tissues. The frequency of CD4* and CD8" T cells expressing trafficking and activation

markers is also shown (lower panel).
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