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ABSTRACT The MT-4 human T-cell line expresses HTLV-1 Tax and is permissive for
replication of an HIV-1 gp41 mutant lacking the cytoplasmic tail. MT-4 cells (lot 150048),
distributed by the NIH AIDS Reagent Program (NIH-ARP), were found to be Tax deficient
and unable to host replication of the gp41-truncated HIV-1 mutant. These findings, to-
gether with short tandem repeat profiling, established that lot 150048 are not bona fide
MT-4 cells.
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MT-4 cells were originally established by cocultivating cells from a 50-year-old,
human T-cell lymphotropic virus type 1 (HTLV-1)-seropositive Japanese male with

adult T-cell leukemia (ATL) with human cord blood lymphocytes (1). As a consequence
of their derivation from an HTLV-1-infected individual, MT-4 cells express the HTLV-1
Tax protein (2). MT-4 cells were previously reported to express low levels of APOBEC3G
(A3G) (3) and are known to support the rapid replication of HIV-1, with wild-type (WT)
virus levels peaking at approximately 2 to 4 days postinfection (4). Furthermore, MT-4
cells are uniquely capable of supporting the replication of an HIV-1 mutant, CTdel-144,
in which the cytoplasmic tail (CT) of the transmembrane glycoprotein gp41 has been
deleted (5–7).

MT-4 cells are an important tissue culture tool for the study of HIV-1 and hepatitis
C virus infection. The cells are widely used for cytotoxicity inhibition assays with
antiviral compounds (8–10), HIV-1 growth competition assays (11), syncytium formation
assays (12), and experiments in which defective HIV-1 mutants are propagated for the
selection of viral revertants (7, 13–15).

In 1997, the NIH-ARP issued a recall for a lot of MT-4 cells that were found to be
Tax-deficient. These cells were traced to lot 3/9/92. Recently, the National Institutes of
Health AIDS Reagent Program (NIH-ARP) released a new lot of MT-4 cells (lot 150048)
that we observed to be morphologically and phenotypically different from authentic
MT-4 cells. In the course of investigating this issue, we found that lot 150048 cells were
derived from the same Tax-deficient MT-4 cells recalled by the NIH-ARP over 2 decades
ago (2) and confirmed that these cells are a T-cell line other than MT-4.

BONA FIDE MT-4 CELLS EXPRESS A3G AND HTLV-1 Tax

We realized that a recent lot of MT-4 cells (lot 150048) distributed by the NIH-ARP
were morphologically distinct from bona fide MT-4 cells and, unlike bona fide MT-4
cells, did not express A3G. The NIH-ARP provided a new lot of MT-4 cells (170172) to
replace lot 150048 and traced lot 150048 to a previous lot, 13 P7 3/9/92 (Fig. 1A), which
in 1997 was reported to be Tax deficient (2). Western blot analysis of cell lysates
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obtained from three different MT-4 lots provided by the NIH-ARP were analyzed (Fig.
1B). CEMX174 (A3G high-expressing) and Jurkat (A3G-deficient) cells were included as
controls. Lot 150048 cells did not express A3G at detectable levels, while lots 070567
and 170172 did express low levels of A3G.

MT-4 cells are HTLV-1 transformed and thus express HTLV-1 Tax (2). Both lots that
expressed low levels of A3G also expressed Tax (Fig. 1C), as expected for MT-4 cells.
Increasing amounts of lot 150048 lysate were analyzed by Western blot in an attempt
to detect low levels of Tax. No Tax protein could be detected in lot 150048 samples.
Altogether, these findings suggest that lot 150048 are not MT-4 cells. The NIH-ARP was
notified, and lot 150048 was pulled from distribution. Tax expression in cells from the
currently distributed lot, 170172, is similar to the previously distributed lot 070567 from
which they are derived (Fig. 1C).

LOT 150048 CELLS SUPPORT REPLICATION OF WT BUT NOT CTdel144 HIV-1

Whereas HIV-1 replication in most T-cell lines is abrogated by truncation of the long
gp41 CT, the gp41 CT truncation mutant, CTdel144, can replicate in the MT-4 T-cell line
(5–7). To determine whether lot 150048 is permissive for the CTdel144 mutant, these
cells were transfected with the WT pNL4-3 molecular clone or the Env(–) (KFS) (16) or
CTdel144 (5) derivatives (Fig. 1D). Cells from lots 070567 and 170172 supported rapid

FIG 1 Analysis of cell lines by Western blotting. (A) Flow chart indicating the source of four different MT-4 lots.
(B) Western blot of A3G expression. (C) Western blot of Tax expression with increasing volumes of lot 150048
cell lysate relative to the volume loaded on the gel for Jurkat, lot 070567, and lot 170172. All Western blots
are representative of three independent experiments. (D and E) Spreading infection kinetics for the various
MT-4 lots transfected with WT, KFS [Env(–)], or CTdel144 molecular clones. The data are representative of three
independent experiments.
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HIV-1 replication and were permissive for the CTdel144 mutant (Fig. 1E). In contrast,
replication in cells from lot 150048 was markedly slower, and these cells did not
support replication of CTdel144 (Fig. 1D). These results are consistent with lot 150048
being a T-cell line other than MT-4.

LOT 150048 CELLS ARE SMALLER THAN BONA FIDE MT-4 CELLS

Another indication that lot 150048 cells are not bona fide MT-4 cells is their
non-MT-4-like morphology. Tax upregulates expression of cell adhesion molecules,
resulting in cell clustering (17). While lot 150048 did grow in suspension, the cells did
not form cell clusters/clumps characteristic of authentic MT-4 (data not shown). Rather,
they maintained their status as single cells during cellular expansion. To analyze the
morphological characteristics and volumes of cells from lot 150048, fluorescence micros-
copy, followed by cell segmentation, was conducted (Fig. 2). Lots 070567 and 170172
show a more spherical shape and uniform cell volume (Fig. 2A and B) than lot 150048
(Fig. 2C). After segmentation of cells from all three lots, it was determined that the
volume of cells from lot 150048 is significantly smaller than that of cells from lots
070567 and 170172 (Fig. 2D). In addition, relative to cells from lots 070567 and 170172,
cells from lot 150048 are morphologically more diverse with a subset of cells displaying
more irregular and larger protrusions on the plasma membrane (Fig. 2C), consistent
with the conclusion that these cells are not MT-4.

FIG 2 Lot 150048 cells are smaller in volume than authentic MT-4 cells. (A to C) Representative
micrographs of cells from lot 070567 (A), lot 170172 (B), and lot 150048 (C). (D) Graph of cell volumes
(****, P � 0.0001). Segmentation for cell volume was performed on 44 cells from lot 170172, 57 cells from
lot 070567, and 147 cells from lot 150048. One-way ANOVA, followed by a Tukey-Kramer test, was used
to analyze the statistics. Error bars depict the 95% confidence intervals. Scale bars, 30 �m.

Commentary Journal of Virology

December 2019 Volume 93 Issue 24 e01390-19 jvi.asm.org 3

https://jvi.asm.org


STR PROFILING ESTABLISHES THAT LOT 150048 CELLS ARE NOT MT-4

The human genome contains many repetitive DNA elements of various lengths,
including DNA regions with short repeating units (2 to 6 bp/unit), known as short
tandem repeats (STRs). An individual inherits one copy of an STR for a gene locus
from each parent, resulting in two STR values (one for each allele) of similar or
different sizes. Furthermore, the number of STRs can be highly variable between
individuals in a population, making STR profiling a highly effective cell line iden-
tification tool. When applied to cell line authentication and identification, determi-
nation of the percent identity (18) and percent match (19) can facilitate determining
whether cell samples are pure (100%), related but divergent due to genomic
instability (�80%), contaminated with a second cell line (55 to 79%), or misidenti-
fied (� 55%). Genomic instability is also exemplified by one or more loci on the
electropherogram with more than two alleles present at positions �1 or �1 off the
main peak with peaks of variable height.

To confirm that lots 170172 and 070567 are authentic MT-4 cells and lot 150048 is
not, STR profiling was performed (Fig. 3). The STR profile for all lots was compared
against the Cellosaurus (20) reference STR profile for MT-4 (Fig. 3A). Lots 070567 and
170172 were 100% matches to the MT-4 reference. Consistent with MT-4 cells being
derived from a male ATL patient, STR profiling of these cells confirmed the presence of
a Y chromosome. Lot 1500048 did not match the MT-4 reference STR profile. Further-
more, lot 150048 displayed markers of genetic instability on the electropherogram,
indicated by multiple peaks of variable height at �1 off the main peaks (e.g., gene locus
vWA [Fig. 3B]). The percent identity (see equation 1 below) (Fig. 3C) and percent match
(see equation 2 below) (Fig. 3D) for lot 150048 with MT-4 were found to be below the
threshold (55%) for the value that would suggest possible cell line contamination as an
explanation for the mismatch. We therefore conclude that lot 150048 is a T-cell line
other than MT-4.

To define the origins of lot 150048, the STR profile was analyzed on the Leibniz-
Institut Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ) STR Profile
Search (21). The percent identity algorithm was used to determine the best match to
reference STR profiles in the database (Fig. 3E). Lot 150048 most closely matched the
T-cell line CCRF-CEM, but the percent identity value for the best-matching CCRF-CEM
derivative, 74%, is below the threshold necessary for lot 150048 to be identified as
CCRF-CEM that has diverged due to genomic instability. Therefore, the true identity of
this T-cell line remains unknown.

SUMMARY OF FINDINGS

Two decades ago, the NIH-ARP recalled a nonauthentic lot of MT-4 cells derived
from lot 13 P7 3/9/92 (Fig. 1A) after it was discovered that this lot did not express
HTLV-I Tax and did not contain HTLV-I DNA (2). Recently, the NIH-ARP distributed
MT-4 lot 150048, which contained cells that were found to be phenotypically and
genetically different from authentic MT-4 cells. Our communications with the
NIH-ARP suggested that lot 150048 was derived from the same source of Tax-
deficient cells that were distributed in 1997. Lot 150048 is a suspension T-cell line
that is able to host HIV-1 replication but with delayed kinetics relative to bona fide
MT-4 cells. In addition, unlike bona fide MT-4 cells, lot 150048 is unable to support
replication of HIV-1 bearing a gp41 CT truncation. Lot 150048 also lacks expression
of A3G and HTLV-I Tax, two proteins expressed by bona fide MT-4 cells. Finally, STR
profiling verified that lot 150048 cells are not MT-4 but was unable to conclusively
identify this cell line.

Laboratories that received lot 150048 were recently contacted by the NIH-ARP to
inform researchers that this lot of cells are not MT-4. It is unknown how many researchers
might have received lot 150048 indirectly from colleagues. To prevent lots 150048 and
13 P7 3/9/92 from being distributed again, the NIH-ARP has destroyed these cells.
Furthermore, the NIH-ARP has contacted all researchers who received lot 150048 to
inform them that they are not MT-4 cells.
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We hope that our evaluation of these cells highlights various cost-effective methods
for determining whether the MT-4 cells investigators have currently in their labs are
bona fide MT-4 cells. We have communicated with the NIH-ARP to trace various lots of
MT-4 and identified their source. Furthermore, we confirmed that the current lot of
MT-4 in distribution (lot 170172) are bona fide MT-4.

FIG 3 STR profiling confirms that lot 150048 are not MT-4 cells. (A) Table listing the STR identities at various genetic
loci for query lots of MT-4 and the MT-4 reference provided by Cellosaurus. (B) Electropherogram for the STR profile
at the vWA gene locus for lots 070567 and 150048. Numbers in the box below each peak represent the following:
top, allele call/STR peak; middle, peak height in relative fluorescent units; bottom, size of STR fragment in base pairs
(distance traveled in the capillary). (C and D) Percent identity (C) and percent match (D) of query MT-4 lots to the
MT-4 reference STR profile. (E) Percent identity of lot 150048 to best-match cell lines. Parental (black diamond grid)
and derivative CCRF-CEM (gray diamond grid) are distinguished by bars with different patterns, while cell lines not
related to CCRF-CEM are differentiated by bars with no pattern.
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CELL CULTURE AND CELL LINES

All cells were obtained from the NIH-ARP. Bona fide MT-4 cells (catalog no. 120) were
contributed by Douglas Richman. CEMX174 (catalog no. 272) (22) were contributed by
Peter Cresswell. The original contributor and source of the nonauthentic MT-4 cell line
are unknown. Cells were grown in Roswell Park Memorial Institute (RPMI) 1640 medium
(CellGro) supplemented with 10% fetal bovine serum (HyClone) and 1% penicillin-
streptomycin (penicillin [50 U/ml] and streptomycin [50 �g/ml], final concentrations;
Lonza, Walkersville, MD). All cells were maintained in humidified 37°C incubators with
5% CO2.

WESTERN BLOTS

For detection of A3G, cell lysates from 106 cells were prepared using CelLytic M
(Sigma) solution (125 �l) containing Protease Inhibitor Cocktail (Roche), followed by a
10-min, 10,000 � g spin to remove cellular debris. The cell lysates were mixed with
NuPAGE LDS sample buffer (Invitrogen) containing �-mercaptoethanol and heated for
5 min at 95°C. Samples were analyzed on 4 to 20% Tris-glycine gels (Invitrogen) using
standard Western blotting techniques. Proteins were detected with primary antibodies
against A3G (1:5,000 dilution, from Klaus Strebel [NIH-ARP, catalog no. 10082]) (23, 24)
and �-tubulin (1:10,000 dilution; Sigma, catalog no. T9026). An IRDye 800CW-labeled
goat anti-rabbit secondary antibody (LI-COR, catalog no. 926-32211) was used at a
1:10,000 dilution to detect rabbit primary antibodies, and an IRDye 680-labeled goat
anti-mouse secondary antibody (LI-COR, catalog no. 926-68070) was used at a 1:10,000
dilution to detect mouse primary antibodies. Protein bands were visualized using an
Odyssey infrared imaging system (LI-COR).

For detection of Tax, cell lysates from 106 cells were prepared using 100 �l of Triton
X-100 lysis buffer containing 300 mM NaCl, 50 mM Tris-HCl (pH 7.5), 0.5% Triton X-100,
10 mM iodoacetamide, and 10 tablets/0.5 liter of complete protease inhibitor (Roche,
catalog no. 11836145001). Cell lysates were mixed with 30 �l of a 6� denaturing buffer
(25) and boiled for 10 min at 95°C. Proteins were separated on hand-cast 12% Tris-
glycine gels and analyzed using standard Western blotting techniques. Proteins were
detected with primary antibodies as follows: �-Tax (1:5,000 dilution; Abcam, catalog no.
ab26997), and �-�-actin conjugated directly to horseradish peroxidase (HRP; Abcam,
catalog no. ab49900). HRP-conjugated secondary antibodies and goat anti-mouse
(Invitrogen, catalog no. 32230) antisera were used at a 1:10,000 dilution to detect Tax.
Protein bands were visualized using chemiluminescence with a Bio-Rad Universal Hood
II Chemidoc and then analyzed with ImageLab v5.1 software.

HIV-1 REPLICATION ASSAYS

Virus replication kinetics were determined in Jurkat and MT-4 cell lines as previously
described (26). Briefly, T cells were transfected with proviral clones (1 �g DNA/106 cells)
in the presence of 700 �g/ml DEAE-dextran. Lot 150048 was split 1:3, and authentic
MT-4 cells were split 1:2 every 2 days with fresh media. Virus levels were quantified by
measuring reverse transcriptase (RT) activity in collected supernatants over time. RT
activity values were plotted using GraphPad Prism.

MICROSCOPY STAINING AND IMAGE ANALYSIS

Cells (106) were fixed with 4% paraformaldehyde (Boston BioProducts, BM-155) for
20 min at room temperature and washed three times with a glycine quench solution
(0.112 g of glycine in 50 ml of 1� phosphate-buffered saline). To identify the cell
plasma membrane and nucleus, the cells were stained with 5 �g/ml wheat germ
agglutinin (WGA; Invitrogen, catalog no. W11261) at room temperature for 15 min. After
labeling, the cells were washed to remove excess labeling solution, and 300 nM DAPI
(4=,6=-diamidino-2-phenylindole; Thermo Fisher, catalog no. D1306) was used to coun-
terstain cells for 10 min to detect nuclei. Excess counterstain was then washed off.
Suspension cells were placed in 35-mm glass-bottom dishes (MatTek, P35GCol-1.5-14-
C). Suspension cells were imaged with a 63� oil objective using a Leica DMI-8 equipped
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with a Yokagawa-CSU-W1 spinning disk confocal with a Zyla sCMOS camera (Andor).
Images were captured for WGA conjugated to AF488 (488 nm) and DAPI (405 nm) at
2,048 � 2,048 pixels with a z-step of 200 nm and a 75-ms exposure time. At least ten
fields of view from each cell type were imaged in three dimensions. Cells unattached
to other cells were segmented using IMARIS software version 9.3.0 (Bitplane) using the
surfaces function. Cell surfaces were identified using the channel for WGA, which was
smoothed to detect structures of 300 nm and was set to a manual threshold value of
190 (parameters set in the IMARIS surface wizard). Surfaces with an area below 200 �m2

or above 3,000 �m2 were excluded. Also, all cells within 250 nm of the XYZ border were
excluded to ensure that the entire cell was being segmented. Segmentation resulted in
cell volume measurements. One-way analysis of variance (ANOVA), followed by a
Tukey-Kramer test, was used to assess statistical significance between the samples
using GraphPad Prism (v8.1.1).

STR PROFILING AND CELL LINE IDENTIFICATION

Genomic DNA from all MT-4 lots (5 � 106 cells per sample) provided by the
NIH-ARP was extracted using the QIAamp DNA blood minikit (Qiagen, catalog no.
51106). STR profiling of genomic DNA was performed by Genetica (LabCorp).
Electropherograms were analyzed to obtain the STR profile at the indicated gene
loci and compared to an MT-4 reference STR profile from Cellosaurus (CVCL 2632).
The percent identity algorithm (equation 1) (18) and percent match algorithm
(equation 2) (19) were used to calculate the percent match and the percent identity
to the reference profile using the following equations:percent identity �

percent match �

No. of shared alleles

No of alleles � query sample � no. of alleles � reference sample
� 100 (1)

and

percent match �
No. of shared alleles

No. of alleles � query sample
� 100 (2)

To attempt identification of lot 150048, the STR profile was entered into the DSMZ
Short Tandem Repeat Profile Search. Best-match returned hits were restricted to a
percent identity (called EV on the search engine) score of �60%. The cell number was
plotted against the percent identity score using GraphPad Prism 5.
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