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Abstract

The gastrointestinal (GI) tract harbors most of the body’s immune cells and is also a major HIV reservoir in ART-
treated patients. To achieve a cure, most HIV-infected cells must be identified and eliminated. While obtaining gut
biopsies is a relatively noninvasive method of sampling relevant tissue for monitoring HIV activity, immune cell
isolation from these limited tissue samples has proven to be challenging. Enzymatic tissue digestion is required for
maximal immune cell isolation from gut biopsies. However, these enzymatic digestions can also be detrimental for
preservation of cellular surface markers that are required for accurate identification of various subsets of leuko-
cytes. In this study, we describe an optimized protocol for isolation of lymphocytes from human gut biopsies. We
also discuss our validation results, which show that compared with several other collagenase preparations, the use
of CSLPA maintains high lymphocyte recovery while preserving the integrity of most cellular surface antigens
that we tested. Importantly, chemokine receptors that are used to characterize various subsets of T cells, which are
notorious for being digested during a typical enzymatic tissue digestion, are highly preserved using this protocol.
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Introduction

More than 90% of human lymphocytes reside in the
gut.1 HIV targets the gastrointestinal (GI) tract early

during infection, and gut tissue significantly contributes to
viral replication and persistence (see review by Khan et al. in
this issue). Gut lymphocytes have unique phenotypic, func-
tional, and survival characteristics compared with lympho-
cytes in other parts of the body. These properties can only be
fully appreciated if phenotypic surface markers can be pre-
served to allow accurate characterization and comparison of
the same cells isolated from different tissues.

The gut mucosa is composed of two individual compart-
ments, the epithelium and lamina propria, and is surrounded
by circular and longitudinal muscle forming the muscularis

layer. The epithelial layer harbors intraepithelial lympho-
cytes (IELs), with very few B cells and antigen-presenting
cells, whereas the underlying lamina propria harbors a vast
variety of immune cells scattered throughout this connective
tissue or aggregated within the lymphoid follicles.1 Most
protocols for cell isolation from the intestine follow the same
two distinct steps, including epithelial removal (also known
as epithelial stripping) followed by enzymatic and mechan-
ical disruption of the lamina propria.2–6 During isolation of
lymphocytes from complex mucosal tissue, such as the in-
testine, several key factors must be considered: (1) cell yield,
(2) cell viability, and (3) preservation of surface epitopes
used for cellular identification through antibody staining.

To achieve maximal cell recovery, the epithelial layer
must be separated from the lamina propria before further cell
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isolation.2,7–11 The epithelial layer can be easily separated
from the lamina propria by the use of the reducing agent DTT
and the chelating agent EDTA. However, the disruption of
the remaining lamina propria and muscularis layer requires
enzymatic digestion of the tissue. Enzymatic digestion with
collagenase yields almost twice as many lymphocytes as
mechanical disruption alone.8,12 Several types of collagenase
can be used for tissue digestion, such as highly purified forms
that are commercially available (e.g., the chromatographi-
cally purified CLSPA or enzyme blends known as Liberase),
as well as cruder preparations such as Type I, II, and IV—
although justification for the use of one type of enzyme over
the others is not always provided.13

The viability and functionality of isolated cells can be pro-
foundly affected by the proteases and prostaglandins that are
released during the digestion of the mucosa.14 Therefore, in
general, the viability of cells isolated from processed tissue is
lower compared with cells isolated from blood or lymph nodes.
Nonetheless, viability of up to 80% can be achieved when
optimal conditions are used. Ficoll density gradient centrifu-
gation can also be used to remove dead cells and debris from
the final cell suspension; however, this can result in a consid-
erable loss of cells (up to 50%), and this procedure also pro-
longs the isolation time.8,13

Enzymatic digestion can affect the expression of surface
antigens to variable degrees.10 Multiple studies have shown
that collagenase II decreases the expression of CD27,12,15

whereas collagenase I decreases the expression of CD4, CD8,
CD25, L-selectin, aEb7, and a4b7.16,17 Less pure prepara-
tions of collagenase often contain proteases, including tryp-
sin and clostripain, which may also degrade cell surface
proteins.16 Nevertheless, more purified forms of collagenase,
such as Liberase TL, have also been documented to reduce
expression of surface markers such as CD4.12 Moreover,
impurities account for most of the lot-to-lot variations that
require frequent revalidation of the cell isolation protocol.13

Due to the limited availability of human gut biopsy samples
from HIV+ donors, as well as uncertainties in the effects of
reported collagenase protocols, we evaluated the effect of
EDTA and DTT, as well as various types of collagenase on the
expression of surface markers present on T cells. We used
peripheral blood mononuclear cells (PBMCs) and tonsillar
lymphocytes for these optimizations, as neither require enzy-
matic digestion for cellular extraction, and thus undigested
samples could be compared side by side with digested sam-
ples.16 Furthermore, using mass cytometry, we compared the
expression level of 36 surface antigens on T cells after di-
gesting tonsil cells with two different collagenase enzymes.
Based on these findings, we chose the two most optimal en-
zymes and validated our results on human gut biopsies. In this
study, we report our findings and describe the detailed protocol
for the isolation of lymphocytes from human gut biopsies.

Methods

Ethics statement

Rectosigmoid biopsy samples were obtained from the
SCOPE cohort at the University of California, San Francisco
(UCSF). The SCOPE cohort is an ongoing longitudinal study
of over 1,500 HIV-infected and uninfected adults followed
for research purposes. The UCSF Committee on Human
Research reviewed and approved the rectal biopsy sampling

protocol for the SCOPE study (Institutional Review Board
[IRB] #10–01218, #10-00263, or #11-07551), and all par-
ticipants provided written informed consent.

Obtaining human intestinal biopsies

Biopsy samples were retrieved from the SCOPE cohort at
UCSF as previously described.18 In brief, before sigmoidoscopy
and GI biopsy, participants self-administer two Fleet enemas on
the morning of the procedure. Upon arriving to the clinic, study
participants undergo a blood draw. An unsedated sigmoidos-
copy procedure is then performed and advanced to *25 cm
from the anus using the Olympus EndoJaw Disposable Biopsy
Forceps, channel size 3.7 mm. Biopsies are immediately placed
in RPMI-1640 media (Gibco) on ice until processing.

Isolation of PBMCs from human blood

PBMCs, from the same HIV (+) study participants, were
recovered by Ficoll density gradient centrifugation from
fresh venous blood as described previously.19 Whole blood
was spun at 1,000 g at RT for 10 min with no brake and
plasma was removed. The remaining cells were diluted to 30–
35 ml with PBS, mixed, layered on 15 ml of Ficoll, and spun
at 160 g at RT for 20 min with no brake. The top 15–20 ml of
supernatant was aspirated to remove excess platelets, and the
cells were spun again at 350 g at RT for 20 min with no brake.
The PBMC layer was transferred to a new tube, diluted to
50 ml with PBS, spun at 400 g for 8 min at RT, washed twice
more with 50 ml PBS, and counted.

Isolation of cells from human tonsils

Anonymized HIV (-) human tonsils were obtained from
Cooperative Human Tissue Network (CHTN) (IRB# 12-
08429) and were processed into human lymphoid aggregate
cultures as described previously.20 Briefly, tonsils were
minced with a plunger, passed through a 40 lm strainer, and
cultured in Tonsil Media, consisting of RPMI supplemented
with 15% heat-inactivated fetal bovine serum (FBS), 100 lg/
ml gentamicin, 200 lg/ml ampicillin, 1 mM sodium pyru-
vate, 1% nonessential amino acids (Mediatech), 1% Gluta-
MAX (Thermo Fisher), and 1% Fungizone (Invitrogen).

Protocol for the isolation of lymphocytes
from human gut biopsies

A schematic diagram of the procedure is shown in Figure 1.

Equipment

� 50-ml centrifugation tubes (Thermo Scientific/Nunc;
#339650)

� GentleMACS� C tubes (Miltenyi Biotec; #130-093-
237)

� Falcon� 5-ml round bottom tubes with 40 lm cell
strainer snap cap (Corning; #352235)

� Falcon� cell strainers; mesh size 70 lm (Corning; #352350)
� Thermal incubator with rotation unit/Incubating shaker
� GentleMACS� Dissociator (see Notes for isolation

without a dissociator) (Miltenyi Biotec; #130-093-235)
� Vortexer
� Centrifuge
� Pipette filler
� 25-ml serological pipettes (FisherBrand; #13-676-10 M)
� 5-ml syringes with Luer Lock Tip (BD; #BD 301029)

S-32 TRAPECAR ET AL.



� 20G blunt needles (BD; #BD 305180)
� Cell scraper (Thermo Scientific/Nunc; #179693)
� Forceps

Reagents

(a) Predigesting solution for epithelial stripping and isola-
tion of IEL/(40 ml per sample)–referred to as IEL buffer
(i) sterile DPBS, Ca2+ and Mg2+ free (Corning; #21-

040-CV)
(ii) DTT 10 mM (Sigma-Aldrich; #3483-12-3)

(iii) EDTA 5 mM (Sigma-Aldrich; #60-00-4)
(iv) HEPES 10 mM (Fisher BioReagents; #7365-45-9)
(v) FBS (5%) (GE Healthcare Life Sciences

SH30070.01)
(b) Rinse buffer (20 ml per sample + additional buffer for

washes)
(i) RPMI-1640 (Corning; #10-040-CMR)

(ii) HEPES 10 mM (Fisher BioReagents; #7365-45-9)
(iii) FBS (5%) (GE Healthcare Life Sciences

SH30070.01)
(c) Digestion solution (3 ml per sample each round of

digestion–normally two rounds are needed)

(i) RPMI-1640 (Corning; #10-040-CMR)
(ii) HEPES 10 mM (Fisher BioReagents; #7365-45-9)

(iii) CLSPA collagenase (0.5 mg/ml) (Worthington;
#LS005273)

(iv) DNAse (7.5 lg/ml) (Roche; #10104159001)
(d) DNAse solution (1 ml per sample)

(i) RPMI-1640 (Corning; #10-040-CMR)
(ii) HEPES 10 mM (Fisher BioReagents; #7365-45-9)

(iii) DNAse (100 lg/ml) (Roche; #10104159001)
(e) Fluorescence-activated cell sorting (FACS) buffer:

1% FBS in 1 · PBS

Procedure

(a) Epithelial stripping and isolation of IELs
(1) Transfer the biopsies or whole tissue pieces into a

50-ml conical tube containing 20 mL of IEL
buffer, prewarmed to 37�C.

(2) Incubate the sample horizontally for 20 min at
37�C under continuous rotation (40 g) using an
incubating shaker.

(3) Mix well for 10 s using a vortexer.

FIG. 1. Lymphocyte isolation scheme.

OPTIMIZED LYMPHOCYTE ISOLATION FROM GUT BIOPSIES S-33



(4) Use a 25-ml serological pipette to aspirate the bi-
opsies and tissue pieces with buffer and let the pieces
settle to the tip of the pipette. Return the pieces to the
tube while transferring the IEL buffer supernatant,
which contains the stripped epithelium and IELs,
into a new 50-ml conical tube placed on ice.

(5) Add 20 ml of fresh prewarmed IEL buffer to the
biopsies and incubate the sample for another
20 min at 37�C under continuous rotation (40 g)
using an incubating shaker.

(6) During the incubation period, spin down the 50-
ml tube that contains the collected IEL super-
natant at 300 g for 5 min. Dislodge the pellet,
add 5 ml of rinse buffer to the isolated cells and
place the tube back on ice.

(7) After the second round of the 20-min incubation
of the biopsies is completed, mix the tube well for
10 s using a vortexer and repeat step number 4. If
you have already done so, continue with step 8.

(8) Add 20 ml of prewarmed rinse buffer to the bi-
opsies and incubate the samples for a third time
for 20 min at 37�C under continuous rotation (40
g) using an incubating shaker.

(9) During the incubation, repeat step 6 with the
supernatants of the 2nd incubation.

(10) When the 3rd round of incubation is completed,
repeat step 3 and 4, only this time transfer the
remaining pieces of tissue into a gentleMACS�
C tube and proceed with the protocol for iso-
lating cells from the lamina propria.

(11) Repeat step 6 with the supernatants of the final
incubation round and then combine all the iso-
lated IEL cells into one 50-ml tube.

(12) Pass the cell suspension through a 70 lm cell
strainer, placed on a new 50-ml conical tube.
Wash the cell strainer with 20 ml of rinse buffer.

(13) Centrifuge the suspension at 300 g for 5 min,
discard the supernatant, and resuspend the pellet
in the desired volume and buffer for further ap-
plication or for combining them with the cells
isolated from the lamina propria.

(b) Isolation of cell populations from the lamina propria
(1) Add 3 ml of the digestion solution, prewarmed to

37�C, to the gentleMACS� C tube that contains
the remaining pieces, and incubate sample for
30 min at 37�C under continuous rotation (40 g)
using an incubating shaker.

(2) Mix well for 10 s using a vortexer
(3) Insert the C tube with the digested pieces into the

gentleMACS� Dissociator and run program
‘‘m_intestine_01’’.

(4) Spin the tube briefly to prevent cell accumulation
near the cap.

(5) Using a 5-ml syringe and a blunt 20G needle, aspi-
rate the sample and gently return it to the tube. Re-
peat this step of mechanical dissociation 10 times.

(6) Add 5 ml of rinse buffer to the gentleMACS� C
tube and pass the cell suspension through a
70 lm cell strainer, placed on a new 50-ml con-
ical tube. Wash the gentleMACS� C tube with
10 ml of rinse buffer and pass it through the
strainer.

(7) Take a sterile cell scraper and gently scrape the
surface of the strainer and inspect it for remaining
pieces of tissue. If visible tissue remains, transfer
the collected tissues with forceps back into the
gentleMACS� C tube and repeat steps 1–8 of the
lamina propria isolation protocol.

(8) Centrifuge the 50-ml tube containing the digested
lamina propria at 300 g for 5 min. After centri-
fugation, discard the supernatant and resuspend
the pellet of isolated cells in 5 ml of rinse buffer.

(9) Combine all the collected lamina propria cells and
proceed with the next step.

(c) Incubation with DNAse
(1) Centrifuge the combined IEL and LP cells (or

centrifuge separately if IEL and LP cells need to
be analyzed individually) at 300 g for 5 min.
Discard the supernatant and resuspend all the
isolated cells in 1 ml of the DNAse solution.

(2) Incubate at room temperature (RT) for 30 min.
(3) Centrifuge cells at 300 g for 5 min, discard the su-

pernatants, and resuspend in 3 ml of FACS buffer.
(4) Pass the cells through the 40 lm cell strainer snap

cap placed on the 5-ml round bottom tubes. Wash
the strainer with 2 ml of FACS buffer.

(5) Centrifuge at 300 g for 5 min, discard the super-
natant and resuspend the cells in the desired me-
dium for further application.

Notes

� All solutions, except the FACS buffer and DNAse
solution, need to be prewarmed to 37�C

� Thorough vortexing is needed for successful disruption
of the epithelial layer during epithelial stripping and
isolation of IEL.

� Due to the adherent and clumping nature of mucosal
samples, many cells get trapped during cell straining.
Therefore, thorough rinsing of the cell strainers is im-
portant for optimal cell recovery.

� For enhanced cell recovery, it is advisable to collect
separately all the discarded supernatants throughout the
isolation procedure. At the end of the isolation, these
can be filtered, centrifuged, and combined with the
remaining cells.

� If a gentleMACS� Dissociator is not available, biop-
sies can be transferred into a 50-ml conical tube after
epithelial stripping, incubated with the digestion solu-
tion for 30 min, and then vortexed for 30 s.

� Excessive foaming should be avoided at all stages.
� Including serum in the digestion solution decreases

enzyme activity.
� The final round of incubation with DNAse, followed by

40 lm filtration, greatly improves viscosity and reduces
the need for Ficoll gradient centrifugation

Characterization of surface marker expression
with multicolor flow cytometry

Single cell suspensions were washed twice with PBS,
followed by staining with the LIVE/DEAD� Fixable Aqua
Dead Cell Stain Kit (405 nm excitation; Invitrogen) for
15 min at RT. Stained cells were washed twice with PBS,
blocked for Fc receptors (Human BD Fc Block�; BD
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Biosciences) for 10 min at RT, and stained with a mixture of
fluorochrome-conjugated anti-human primary Abs: BV650
CD4 (SK3), BV605 CD8 (SK1), BV421 CD103 (Ber-ACT8),
APC-H7 CD45RA (HI100), AF647 CXCR5 (RF8B2), PE-
Cy7 PD1 (EH12.1) or PE-Cy7 CXCR3 (1C6/CXCR3),
Percp-Cy5.5 CD3 (UCHT1), PE CCR6 (11A9), and FITC
CD69 (FN50) from BD Biosciences. Stained cells were wa-
shed once and flow cytometry was performed with an LSR II
flow cytometer and FACSDiva software (BD). Acquired data
were analyzed using FlowJo software (TreeStar).

Characterization of surface marker expression
with mass cytometry

Aliquots of tonsil cells from the same donor were pro-
cessed either with a protocol previously optimized for fi-
broblast/endometrial gland isolation using collagenase type
I,21 or with the protocol using CLSPA as described in this
study. Digested tonsil cells were then analyzed by mass cy-
tometry (CyTOF), as previously described.22 For staining, a
total of 38 Abs were used in the panel, 33 of which have been
validated in a recent report.22 Three additional Abs (LAG3,
CD103, and TIGIT) were further validated and used with the
Ab panel in this study.

Results

Enzyme selection

Various types of collagenase enzymes have been used to
isolate immune cells from mouse13,23 and human intestinal
tissue2,16 with varying degrees of cell surface marker pres-
ervation. We sought to determine which enzyme would best
preserve surface marker expression on human T cells. For
this comparison, we used four different types of collagenase
enzymes: type I, II-s, IV, and CLSPA. Human tonsil cells
(*5.0 · 106) were incubated with each of the enzymes in
digestion solution (RPMI-1640 with HEPES and DNAse, see
methods section) for 30 min at 37�C, followed by washing
and staining for flow cytometric analyses. We found that
CXCR5, a chemokine receptor used for identifying T fol-
licular helper (Tfh) cells,24 was highly susceptible to colla-
genase digestion (Fig. 2A). Collagenase I, II-s, and IV almost
completely digested away CXCR5, whereas digestion with
CLSPA preserved this receptor on CD4 T cells. CLSPA-
digested cells had high, intermediate, and low CXCR5-
expressing populations among CD4 T cells, and the pattern
was similar to that found on cells that were not treated with
any enzyme (Fig. 2A). As EDTA and DTT are used for
stripping the epithelial layer from gut samples,2,7,8 we next
tested whether the combination of this treatment would affect
CXCR5 surface expression. This stripping step helps to reduce
the amount of time the LP has to be digested with collagenase.
As our gut protocol combines the isolated IELs with those
isolated from LP (Fig. 1), it should recover lymphocytes from
all portions of the gut biopsy. We found no significant effect of
this stripping step on the levels of CXCR5 expression
(Fig. 2B). Similar results were obtained from three different
tonsil donor samples, which excluded any donor-specific ef-
fect observed after enzymatic treatments.

Identification of various subsets of immune cells relies on
successful detection of different surface markers. To deter-
mine whether cells isolated after CLSPA digestion also retain

other cell surface markers used to characterize mucosal
T cells, we used a mass cytometry panel and characterized the
expression of 38 different cell surface markers found on
various subsets of CD4 T cells.22 Compared with collagenase
type I, CLSPA had less impact on almost all of the cell sur-
face markers (Fig. 2C). Most importantly, Type I collagenase
highly reduced the expression of CD4, which was essentially
unchanged with CLSPA digestion. Other cell surface markers
for identifying the major subsets of CD4 T cells, such as
CD45RO, CD62L, and HLA-DR, were also best preserved
with CLSPA digestion (Fig. 2C).

Validation of CLSPA as the preferred collagenase
for lymphocyte isolation from rectosigmoid biopsies

We used human rectosigmoid biopsies from HIV+ par-
ticipants to further validate CLSPA as a preferred enzyme for
isolation and characterization of T cells from the gut. Similar
to the tonsil cells, T cells isolated from gut biopsies using
CLSPA digestion retained expression of CXCR5, whereas
Type IV collagenase completely disrupted CXCR5 surface
expression on gut T cells from the same individual (Fig. 3A).
CD3+ cells isolated from CLSPA or Type IV-digested gut
biopsies had similar and clearly detectable expression of
many of the other cell surface markers, including CD3, CD4,
CD8 (not shown), CD45RA, CD103, CD69, and PD1. Con-
sistent with the CyTOF data, expression of CD4, CCR6,
CD103, and PD1 was better preserved in CLSPA-digested
compared with Type IV-digested biopsies. For unknown
reasons, CXCR3 expression was slightly enhanced in CD4 T
cells isolated after collagenase digestion, although this level
was similar in CXCR3+ CD4 T cells isolated with either of
the enzymes (Fig. 3B).

Cell recovery and viability

We collected 18–26 rectosigmoid biopsies from each in-
dividual. All the biopsies were utilized for obtaining a single
cell suspension after CLSPA digestion. Processed and di-
gested gut samples retained about 70% viability, and ex-
pression of cell surface markers were comparable to those
found on PBMCs from the same participant that was stained
with the same cocktail of antibodies (Fig. 4A). On average,
we obtained *1.5 · 106 total cells per biopsy (Fig. 4B), with
a range of 60%–85% cell viability (Fig. 4C). Among total live
cells, 4%–17% were CD3+ cells (Fig. 4D), of which *40%
were also CD4+ (Fig. 4A). Therefore, based on these num-
bers, *20,000 to 30,000 live CD4 T cells are recoverable
from a total of 1.5 · 106 cells that can be obtained from each
rectosigmoid jumbo forceps biopsy from HIV+ donors.

Discussion

Cell isolation from human tissue, which relies on the
ability to digest tissue while preserving various cellular sur-
face antigens, is central for research done on tissues, such as
investigating different cellular reservoirs for HIV in the gut.
Comparing results from immunohistochemistry and flow
cytometry, it is estimated that only 20% of T cells can be
recovered from human gut biopsies by enzymatic digestion.25

In this study, we report an improved protocol for the isolation
of lymphocytes from human gut biopsies and describe the
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effect of various types of collagenase on the expression of
T cell surface markers. We tested four different collagenases
and have identified CLSPA, which is a highly purified bac-
terial collagenase from Clostridium histolyticum, as the col-
lagenase that causes the least damage to cell surface antigens.
A two-step digestion protocol, in which the epithelium is first
stripped for IEL isolation, followed by digestion of LP with
CLSPA, maintains a high yield of live cells, estimated to be
around 1.0–2.5 · 106 cells per biopsy. Our results indicate
that EDTA and DTT do not alter the expression of CXCR5

and PD1, whereas others have shown that DTT can decrease
the expression of CD11a and CD49d.16 Therefore, the effect
of EDTA and DTT should be further verified for each specific
surface antigen of interest.

To achieve increased enzyme activity, we omitted the
use of serum during the enzyme digestion phase10 and
used preheated (37�C) solutions at all times. In accordance
with other reports, we confirm (data not shown) that one of
the most important factors in achieving high cell yields is
the temperature of the digestion solution.13 Moreover, we

FIG. 2. Effect of various collagenase en-
zymes on CD4 T cell surface antigens. (A)
Human tonsil cells collected from the same
donor were digested for 30 min at 37�C with
500 U/ml of either collagenase type I, II-s,
IV, or CLSPA. Representative flow plots
from one of four different donors with sim-
ilar results are shown. (B) Tonsil cells were
first incubated at 37�C for 20 min with
stripping buffer containing EDTA and DTT,
or were left on ice in FACS buffer without
EDTA and DTT. Cells from both conditions
were incubated in digestion media contain-
ing CLSPA for 30 min, followed by analysis
using flow cytometry. (C) Heat map show-
ing fold change in MFIs of treated over
untreated CD4 T cells. Tonsil cells were
treated with either collagenase type I or
CLSPA as in A, or were left untreated.
Surface antigens were analyzed by mass
cytometry. All cells were first gated on live
cells and singlets, followed by gating on
CD3+ CD4+ cells. Blue indicates reduction
and red indicates enhancement in levels of
indicated surface molecules, as compared
with untreated cells. The experiments de-
scribed in each panel in this figure used
tonsils from different donors. FACS,
fluorescence-activated cell sorting; MFI,
median fluorescence intensity
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FIG. 3. Improved retention
of surface antigens on cells
isolated from CLSPA-
digested human rectosigmoid
biopsies. (A) Flow cytometry
plots of CD4 T cells from
PBMC or rectosigmoid biop-
sies collected from an HIV (+)
participant (PID #2). Tonsil
cells from an HIV (-) donor
are also shown. The same
number of rectosigmoid biop-
sies were digested with either
collagenase IV or CLSPA. (B)
Detection of various surface
markers on CD3+ cells in rec-
tosigmoid biopsies from (A).
CD3+ cells from PBMC are
also shown as an undigested
control. Representative plots
of CLSPA digestion of biop-
sies from one of six different
HIV (+) participants are
shown. PBMC, peripheral
blood mononuclear cell.

FIG. 4. Cell recovery from
CLSPA-digested rectosigmoid
biopsies. (A) Gating strategy
for isolating CD3+ cells from
PBMC and rectosigmoid biop-
sies of HIV (+) participants. (B)
Total cells recovered per bi-
opsy. At least 18 biopsies were
used to generate total cell count
per participant, and then the
cell number was divided by the
number of biopsies from each
participant. (C) Percentages of
live (Aquamine -), and (D)
CD3+ in total cells obtained
from CLSPA-digested recto-
sigmoid biopsies from each
participant.
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were able to greatly reduce the viscosity of the cell sus-
pension by introducing an additional round of incubation
with DNAse alone, followed by 40 lm filtration. This fil-
tration step was especially useful to facilitate downstream
applications involving cell sorting and flow cytometry. In
addition, this step eliminated the need for gradient cen-
trifugation and may have contributed to better recovery of
total cells and thus higher number of live T cells available
for cell sorting.

Our optimized protocol did not assess the actual func-
tionality of recovered cells and how this may have been
affected by the enzymatic digestion that is required for cell
isolation. Although multiple studies have used enzymatic
digestion to isolate apparently functional cells from tissues
(including gut lymphocytes), conflicting evidence exists
with regard to the effect of cell isolation technique on the
functionality of the cells.14 We found that collagenase
digestion increased the surface expression of a few pro-
teins, suggesting that the enzymatic digestion protocol
may alter expression, stability, and/or trafficking of some
cellular proteins. It has been noted that levels of HIV RNA
and HIV RNA per provirus (normalized to GAPDH), but
not HIV DNA were higher in collagenase-digested total
gut cells than in intact biopsies, suggesting that collage-
nase digestion may also affect transcription of HIV or
housekeeping genes.26 Therefore, isolation of immune cells for
gene expression or functional assessment requires careful op-
timization and controls. At the same time, it can be difficult to
perform and interpret these controls, since studies performed
on cells that naturally exist in suspension–such as PBMCs–
may not recapitulate what happens when adherent cells are
released from tissues. Moreover, some studies cannot be per-
formed without tissue dissociation and/or cell isolation, and it
is unclear whether there are suitable alternatives to enzymatic
digestion–such as those that utilize only mechanical dissocia-
tion–or how these alternative methods affect cell recovery,
viability, surface markers, or gene expression. Thus, there is a
critical need for further development of isolation techniques
that preserve cellular states, and an improved understanding of
how cell isolation impacts gene expression and functional ac-
tivity of the cells.
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