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Summary

We compared different techniques for measuring gut HIV reservoirs and assessed for HIV in non-

CD4+T cells. HIV DNA levels were similar when measured from rectal biopsies and isolated

rectal cells, while HIV RNA tended to be higher in rectal cells. HIV DNA levels in total rectal

cells were greater than those predicted from levels in sorted CD4+T cells, suggesting a reservoir in

non-CD4+T cells, and HIV DNA was detected in sorted myeloid cells (7/7 subjects).
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Introduction

In HIV-infected patients receiving antiretroviral therapy (ART), most infected cells persist

in the lymphoid tissues and gut[1-12], which serve as major obstacles to eradication.

However, it is unclear what types of tissue samples are best for measuring HIV levels, and

whether all of the HIV is found in CD4+T cells. The goals of this study were: 1) to compare

HIV levels in intact biopsies, dissociated cells, and sorted cells; 2) to determine whether the
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above measurements are impacted by the method used to measure cell equivalents; 3) to

assess for HIV in non-CD4+T cells by comparing HIV levels measured in sorted CD4+T

cells and unsorted total gut cells; and 4) to measure HIV levels in sorted myeloid cells.

Methods

Blood and rectal biopsies were obtained from 7 ART-suppressed HIV+ subjects with

CD4+T cell count≥350 cells/μl and viral load<50 copies/ml for ≥6 months. The study was

approved by the local Institutional Review Board. All participants provided informed

consent. Six biopsies were immediately frozen and 18 were dissociated to total gut cells by

collagenase digestion [11]. Of these total gut cells, 40% were frozen and 60% were sorted

for CD4+T cells (CD3+CD4+) and non-T leukocytes (CD45+CD3-) expressing CD13+

(aminopeptidase N, found on myeloid cells)[13]. DNA and RNA were extracted from intact

biopsies, total gut cells, and sorted cells using Trireagent[13]. RNA was DNase-treated and

purified using QIAgen RNeasy columns[13]. HIV levels were measured by qPCR for the

LTR[13]. The cell equivalents in the extracted nucleic acid were determined by: 1) DNA

mass (assuming 1μg=160,000 cells) or RNA mass (assuming 1μg =106 cells[14]), as

measured by Nanodrop; and 2) qPCR for TERT DNA or GAPDH RNA[12, 13]. Statistical

comparisons (Wilcoxon signed rank test) and correlations (Spearman test) were analyzed

using GraphPad Prism 5.0.

Results

There was a linear correlation between HIV DNA as normalized by DNA mass and by

TERT (r=0.97, p<0.0001), and between HIV RNA as normalized by RNA mass and

GAPDH (r=0.90, p<0.0001). HIV DNA levels were not significantly different when

measured from intact rectal biopsies and isolated rectal cells (Figure 1A), and the two

measures correlated strongly (r=0.89, p=0.012). In contrast, HIV RNA levels tended to be

higher in rectal cells than in biopsies (Figure 1B; p=0.016), although the two measures

tended to correlate (r=0.75, p=0.066). The average HIV transcription per infected cell also

tended to be higher in rectal cells (Figure 1C; p=0.016), although no significant correlation

was observed.

When HIV DNA levels measured in sorted rectal CD4+T cells were used in combination

with the measured rectal CD4+T cell frequencies to calculate the HIV DNA levels in total

rectal cells, the results correlated well with those measured in unsorted rectal cells (r=1.0,

p=0.0004). However, the HIV DNA as extrapolated from CD4+T cells consistently

underestimated the HIV DNA in unsorted rectal cells (Figure 1D: 7/7 subjects, p=0.016;

Figure 1E: m=0.76). In contrast, extrapolation from CD4+T cells tended to overestimate the

HIV RNA in unsorted rectal cells (6/7 subjects; p=0.16) and no significant correlation was

observed.

Despite low yields of sorted cells, HIV DNA was detected in rectal myeloid cells in 7/7

subjects (Figure 1F) and HIV RNA was detected in one subject. However, when normalized

by cell frequencies (copies/million live singlet WBC), myeloid cells accounted for an

average of only 4% of the total HIV DNA.
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Discussion

Gut HIV DNA levels were not significantly different when measured in intact biopsies and

isolated gut cells, while HIV RNA levels and RNA:DNA ratios tended to be higher in the

isolated cells. Collagenase digestion and cell straining may result in disproportionate loss of

certain cell types, and new infection may occur during cell isolation. However, either

explanation should result in differences in HIV DNA. Alternatively, cell isolation may

induce selective transcription of HIV or degradation of cellular RNA. The use of whole

biopsies may avoid changes due to sample processing, while tissue digestion allows for flow

cytometry and cell sorting, which allows more extensive phenotyping, easier normalization

to CD4+T cell numbers, and assessment of HIV levels in different cell types.

HIV DNA levels in total rectal cells were greater than those predicted from levels in sorted

CD4+T cells, suggesting a reservoir in non-CD4+T cells. HIV has been detected in many

other cell types[15]. This finding is subject to several caveats: 1) flow cytometric

measurements of CD4+T cell frequencies may not reflect the composition of the unsorted

cells; 2) HIV-infected CD4+T cells may die or downregulate CD4 prior to sorting. However,

these factors should cause parallel changes in HIV DNA and RNA, while extrapolation from

CD4+T cells tended to overestimate the HIV RNA in total cells. The latter result could also

reflect selective induction of HIV RNA transcription or degradation of cellular RNA during

cell sorting.

To further assess for HIV in non-CD4+T cells, we sorted myeloid cells. HIV DNA was

detected in rectal CD13+WBC in 7/7 subjects. Purity checks performed on other HIV+

patients showed <0.5% contamination with CD4+T cells. Also, the CD13+WBC population

should contain neutrophils, so the measured levels may underestimate the levels in

macrophages. While some studies have suggested that intestinal macrophages are less

permissive[16, 17] or non-permissive[18-20] to HIV infection in vitro, other studies have

detected HIV RNA, p24, and virions on gut macrophages from untreated patients[21, 22],

while p24 has been detected on duodenal macrophages from ART-suppressed patients[23].

HIV-infected monocytes may home to the gut and differentiate into infected

macrophages[24]. However, both neutrophils and macrophages could harbor phagocytosed

proviral DNA. Also, CD13+WBC accounted for an average of only 4% of the total HIV

DNA, suggesting a reservoir other than CD4+T cells or myeloid cells.

Further study is needed to confirm that HIV can persist in tissue cells other than CD4+T

cells. These studies are challenging because of the difficulties in isolating cells from tissue

and the fact that cell isolation can perturb the sample. Nevertheless, such studies are critical

because the tissues are the largest reservoirs for HIV-infected cells, and tissue reservoirs and

mechanisms of persistence may differ from those that govern HIV persistence in the blood.
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Figure 1.
DNA and RNA were extracted from intact rectal biopsies, total rectal cells, sorted rectal

CD4+T cells, and sorted rectal myeloid cells using Trireagent. HIV DNA and RNA levels

were measured by qPCR or qRT-pCR and then normalized to cell equivalents using TERT

or GAPDH. HIV DNA (1A) was not significantly different when measured from rectal cells

(white bars) and rectal biopsies (black bars), while HIV RNA (1B) and RNA:DNA (1C)

tended to be greater in rectal cells compared to biopsies. The measured HIV levels in sorted

CD4+T cells were used in combination with the measured frequency of these cells (percent
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of all gut cells) to extrapolate HIV levels in total gut cells (grey bars, 1D), which were then

compared to actual HIV levels measured in total gut cells (dashed bars, 1D). The two

measures tended to correlate (1E), although extrapolation from CD4+T cells consistently

underestimated the HIV DNA measured in total gut cells (1E, slope = 0.76), suggesting a

reservoir in non-CD4+T cells. HIV DNA was also detected in myeloid cells in all 7 subjects

(1F). The HIV DNA levels in sorted CD4+T cells (black bars) and myeloid cells (granulated

bars) were normalized to cell number (copies/million cells of that type) using TERT, and

then further normalized by the frequency of each cell type (as percent of live singlet WBC)

to obtain the HIV DNA per million WBC. For 1A-C and 1F, results are plotted on a log

scale.
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