HIV-1 reverse transcriptase promotes tumor growth and metastasis formation via

ROS-dependent upregulation of Twist
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SUPPLEMENTARY MATERIALS

Supplementary Table 1 — Table of primers. Primers used for confirmation of RT expression in
4T1luc2 derivatives and for relative quantification of epithelial to mesenchymal transition

markers.

Supplementary Table 2 — Table of semi-quantitative PCR values. Relative expression levels
of EMT markers in 4T1luc2 subclones expressing RT. Raw data used for correlation analysis and

analysis of antioxidant treatment effect.

Supplementary Table 3. — Table of statistical characteristics of multiple regression analysis
of in vitro migration rate in wound healing assay. Statistical model of prediction of 4T1luc2
subclones migration in vitro in wound healing assay during 14 hours after the scratch made based
on different parameters, such as RT protein level, relative level of Twist expression and migration
in wound healing test during 14-18 hours after the scratch was made. Prediction was made by

multiple regression analysis.

Supplementary Figure 1 — Geographic and temporal distribution of RT amino acid
sequences. Geographic origins and year of sample collection of the full-length sequences of

reverse transcriptase (RT) of HIV-1 subtype A FSU_A strain used for the design of the amino acid
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consensus AFSUp66 (n=44). Sequences were isolated from treatment naive patients free of known
drug resistance mutations selected from HIV-1 sequence database and HIV Drug Resistance
database.

Supplementary Figure 2 — Schematic representation of lentiviral vector
PRRLSIN.cPPT.PGK used for transduction of 4T1luc2 cell line with the polynucleotide
sequences encoding the consensus RT_A with or without drug resistance mutations. Lentiviral
transduction resulted in seven 4T1luc2 derivative clones expressing different levels of three RT

variants.

Supplementary Figure 3 — RNase H activity of consensus RT_A variants with and without
drug resistance mutations. Graphs demonstrate RNase activity of RT_A variants, firstly as
products of RNAse H cleavage of the substrate after analysis by PAGE, and secondly,
concentration dependence of RNase H activity of the variants of consensus RT of clade A FSU_A
strain with and without drug resistance mutations. The respective kinetic parameters are described

in the main text.

Supplementary Figure 4 — Graphs, comparing the levels of ROS in 4T1luc2 cells expressing
RT_A, parental 4T1luc2 cells and immortal NIH3T3 cell line. Increased level of produced ROS
by 4T1luc2 derivative clones expressing RT compared to the parental cells, measured as an
increase of relative intensity of DCFH2-DA/DAPI fluorescent signal. Cells treated with H2O> or
tert-butylhydroquinone (tBHQ) were used as positive control, and cells treated with antioxidants
tocopherol and N-acetyl-L-cysteine (NAC), as negative control. Increased level of ROS
production in the parental 4T1luc2, resulted in increased basal level of lipid peroxidation,
measured by MDA level in cell lysates, as compared to the immortal NIH3T3 cell line known to
produce low levels of ROS.

Supplementary Figure 5 — Wound healing assay. Panels represent light microscopy images of
the gap area at 0, 14 and 18 hours after making the scratch. Time line was settled to measure the
migration rate before and after doubling time (approx. 14 hours). Original .tif files of high
resolution are available at the following link
https://drive.google.com/drive/folders/1a4VbLzFYeny9L Df5iTxyhSmSanlesLI1?usp=sharing.

Supplementary Figure 6 — Graphs showing that expression of Twist on day 14, but not on
day 3 of cell culture, correlates to the level of expression of RT. Treatment of cells with
antioxidant N-acetyl-L-cysteine (NAC) lead to loss of correlation between expression of RT and
Twist on day 14, demonstrating that induction of expression of Twist depends on the production
of ROS. Graphs are supplemented with r, r?and p values of the Spearman correlation test.
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Supplementary Figure 7 — Graphs showing correlation between the levels of expression of
Twist and other EMT markers. On day 14 of cell culture, level of expression of Twist correlated
with the levels of expression of EMT markers N-cadherin, Vimentin and Snail, but not with the
expression of E-cadherin. Textbox in the figure shows correlation values (r, r>and p) measured by

the Spearman correlation test.

Supplementary Figure 8 — Graphs showing correlation between the levels of ROS and the
levels of expression of EMT markers N-cadherin on day 3 and Vimentin on day 14 of cell culture.
ROS levels are presented either per cell, or relative to the levels exhibited by the parental 4T1luc2
cells. Textbox in the figure shows correlation values (r, r? and p) measured by the Spearman

correlation test.



Supplementary Table 1. List of primers used in the experiments. Fw — forward, rev — reverse.

200R)*

Target sequence (gene) Direction Primer sequence
HPRT1 fw 5-GGCCAGACTTTGTTGGATTT-3'
rev S5-CAGATTCAACTTGCGCTCAT-3
Vimentin fw 5-CGGAAAGTGGAATCCTTGCA-3'
rev 5'-CACATCGATCTGGACATG CTG T-3'
N-cadherin fw 5-AGGGTGGACGTCATTGTA GC-3'
rev S-CTGTTGGGGTCTGTC-3'
Snail fw 5-AACCCACTCGGATGTGAAGAG-3'
rev S-GACTCTTGGTGCTTGTGGAG-3'
Twist fw 5'-CAGCGGGTCATGGCTAACG-3'
rev 5-TTGCTCAGCTTGTCCGAGG-3'
E-cadherin fw 5-ACGTATCAGGGTCAAGTGCC-3
rev S-ATCATTGGTCGTGGGGTCTG-3'
Reverse transcriptase of | fw 5-CTGGAGCTTGCTGAGAATAGAG-3'
HIV-1 FSU_A  strain | rev S-CACTGGTCCTGTCCTTGTTT-3'
(RT_A)
Lentiviral insertion | fw 5-GGTGTTCCGCATTCTGCAAG -3’
(PGKseq)*
Lentiviral insertion (LVT- | rew 5 -GACAACGGGCCACAACTCC -3

* - positions of primers used to confirm the insertion of lentiviruses encoding RT_A variants

depicted in Supplementary Figure 2.

are




Supplementary Table 2. Expression of epithelial and mesenchymal markers at days 3 and 14 of cell culture. Data shows fold increase of
expression of E cadherin, Vimentin, N cadherin, Twist and Snail genes as compared to the level of expression of these genes by the parental

4T1luc2 cell line on days 3 and 14 of cell culture. Each value represents the mean of three independent measurements+SD

E cad N cad vim twist snail
Day 3 14 3 14 3 14 3 14 3 14
4T1luc2 1 1 1 1 1 1 1 1 1 1
4T1luc2_RT-1.3 1,29+0,03 | 0,99+0,28 | 2,32+0,13 | 3,15+1,05 | 0,29+0,03 | 3,47+1,13 | 3,35+0,06 1,78+0,64 1,70+0,32 | 2,71+0,81
4T1luc2_RT-5.3 0,83+0,01 | 1,32+0,03 | 1,29+0,22 | 0,95+0,17 1,02+0,08 | 0,95+0,23 | 0,97+0,08 | 2,49+0,62 1,21+0,05 | 1,04+0,16
4T1luc2_RT-20.1 0,83+0,08 | 1,89+0,16 | 1,60+0,08 | 6,87+1,37 0,65+0,03 | 8,96+1,15 | 0,80+0,07 | 3,65+0,51 1,26+0,09 | 5,15+0,7
4T1luc2_RT-An-1.4 0,52+0,06 | 0,80+0,09 | 2,48+0,14 | 0,67+0,05 | 0,52+0,01 | 2,83+0,41 | 3,21+0,11 1,30+0,17 1,45+0,03 | 1,03+0,11
4T1luc2_RT-An-10.2 | 0,59+0,07 | 0,30+0,06 | 0,65+0,02 | 0,45+0,08 | 0,27+0,02 | 1,94+0,06 | 0,51+0,02 | 0,24+0,04 0,54+0,02 | 0,37+0,05
4T1lluc2_RT-Ann-1.5 | 1,50+0,19 | 3,14+0,09 | 0,46+0,08 | 1,13+0,49 1,48+0,27 | 0,78+0,16 | 5,38+0,7 1,13+0,23 1,50+0,3 1,89+0,71
4T1luc2_RT-Ann-10.2 | 1,38+0,38 | 1,95+0,12 | 2,29+0,36 | 3,23+1,09 0,22+0,03 | 7,93+1,86 | 0,66+0,06 1,62+0,43 1,67+0,3 3,09+1,03




Supplementary Table 3. Prediction of the rate of migration of 4T 1luc2 cells expressing RT_A

variants in the first 14 hours of wound healing assay using multiple regression analysis.

Statistical Model A* Model B** Model C*** Model D****
parameters

Multiple R 0,962466214 | 0,944540631 0,928125251 0,961466674
Multiple R? 0,926341214 | 0,892157003 0,861416481 0,924418166
Adjusted R? 0,828129499 | 0,811274755 0,805983074 0,86773179
F(4,3) 9,43208471 11,0303191 15,5396632 16,3075898

p 0,047768984 | 0,0210059918 | 0,00714955386 | 0,0104373489
Std.Err. of Estimate 0,363574551 | 0,380984936 0,386289243 | 0,318948485

Parameters of the models: * — relative ROS; distance covered by the cells in the interval between
14 and 18 hours after the scratch (%); relative levels of Twist MRNA on day 14; RT expression
(pg/cell); ** — relative ROS; distance covered by the cells in the interval between 14 and 18 hours
after the scratch (%); relative levels of Twist mMRNA on day 14; *** — relative ROS; distance
covered by the cells in the interval between 14 and 18 hours after the scratch (%); **** — relative
ROS; relative levels of Twist MRNA on day 14; RT expression (pg/cell). Statistically significant
values are highlighted in red.
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Supplementary Figure 1. Geographic origins and year of sample collection of the full-length
sequences of reverse transcriptase of HIV-1 subtype A FSU_A strain (RT_A) used in the design
of the amino acid consensus AFSUp66 (n=44). Figures within the bars represent the numbers of

RT sequences originating from a given country in a given year.
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Supplementary Figure 2. Lentiviral vector pRRLSIN.cPPT.PGK used for transduction of
AT1luc?2 cell line. Position of insertion of RT-A, RT-An or RT-Ann genes marked in red. PGK-
seq and LVT-200R (Supplementary Table 1) PCR primers were used to confirm the insertion of

lentiviruses encoding RT_A variants into genome of 4T1luc2 cells.
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Supplementary Figure 3. Concentration dependence of RNase H activity of the variants of
consensus RT of clade A FSU_A strain with and without drug resistance mutations. Analysis
of RNA degradation by RNase H activity in 20% PAAG-7M Urea. HIV HXB2 (A), consensus
RT_A (B), RT_A with mutations of resistance to NRTI (C) and NNRTI (D). (E) Quantification of
the results: RT of HIV-1 HXB2 (black), consensus RT_A (red); consensus RT_A with NRTI
resistance mutations M184V and K65R (RT_An; green); consensus RT_A with NNRTI resistance
mutations K103N and G190S (RT_Ann; blue). Solid lines with square dots designate active, and
dashed lines with circles, RT variants with mutations of inactivation, demonstrating that
inactivation leads to complete loss of the activity of RNAse H. Quantification represents the results
of three independent runs.
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Supplementary Figure 4. Levels of ROS produced in 4T1luc?2 cells expressing RT_A variants
in the presence and absence of antioxidants tocoferol and N-acetyl-L-cysteine (NAC) and
ROS inducers H202 and tert-butylhydroquinone (tBHQ). Parental 4T1luc2 and control
NIH3T3 cells are given for comparison. (A) 4T1luc2 cells expressing RT_A variants induce
ROS. Levels of ROS are significantly higher than those registered for the control immortal cell
line NIH3T3 or parental 4T1luc2 cells. Levels of ROS production by RT_A expressing 4T1luc2
cells cannot be further increased even by treatment of cells with ROS inducers H20, and tBHQ.
In all the cases, treatment with antioxidants tocoferol or NAC quenches the production of ROS to

the levels characteristic to the parental 4T1luc2 cells. (B) Effect of antioxidants on lipid



peroxidation, measured by MDA level in cell lysates. All values are expressed as mean+SD.
Analyzed by one-way ANOVA followed by unpaired t-test, or by Kruskal-Wallis test followed by
Mann-Whitney test * - p<0,05, ** - p<0,005, *** - p<0,0005, **** - p<0001.
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Supplementary Figure 5. Wound healing assay. Registration by light microscopy of the gap
size formed by the parental 4T1luc2 (A) and derivative clones 4T1luc2_RT-1.3 (B), 4T1lluc2_RT-
5.3(C), 4T1luc2_RT-20.1 (D), 4T1luc2_RT-An-1.4 (E), 4T1luc2_RT-An-10.1 (F), 4T1luc2_RT-
Ann-1.5 (G), 4T1luc2_RT-Ann-10.2 (H). Panels 1, 2 and 3 represent 0, 14 and 18 hours after the
scratch, respectively. The edges of the gap are marked by lines. (I) Enlarged panel H3 illustrates
4T1luc2_RT-Ann-10.2 18 hours after the scratch. Single cell migration phenotype is indicated by

arrows.



Expression of Twist by day 14 (but not day 3)
correlates to the level of expression of RT.
Effect disappears after treatment with NAC.

Twist day 3:RT expression, pg/cell: r =-0.3448, p = 0.4030; r? = 0.1189
Twist day 14:RT expression, pg/cell: r = 0.9048, p = 0.0020; r? = 0.8187
Twist day 3+NAC:RT expression, pg/cell: r=0.2662, p = 0.5240; r? = 0.0709
Twist day 14+NAC:RT expression, pg/cell: r =-0.2709, p = 0.5163; r2 = 0.0734
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Supplementary Figure 6. Expression of Twist on day 14, but not on day 3 of cell culture,
correlates to the level of expression of RT. Effect disappeared after treatment of cells with
antioxidant NAC, demonstrating that induction of expression of Twist depends on the
production of ROS. Texthox in the figure shows correlation values (r, r> and p) measured by the
Spearman correlation test (STATISTICA AXA 10). Expression level of Twist was normalized to
the expression of the reference gene HPRT1 and accounted as fold increase compared to the levels

exhibited by the parental 4T1luc2 NAC treatment was done as in Supplementary Figure 4.



Twist expression by day 14 was correlated to that of Snail and N-cadherin, and tended to correlate
to expression of vimentin
E-cad day 14:Twist day 14: r = 0,3038; p = 0,4644; r> = 0,0923
N-cad day 14:Twist day 14: r = 0,8033; p = 0,0163; r2=0,6452
Vim day 14:Twist day 14: r = 0,6046; p = 0,1123; r? = 0,3655
Snail day 14:Twist day 14: r = 0,7825; p = 0,0217; r2 = 0,6122
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Supplementary Figure 7. Correlation between the levels of expressions of Twist and other
EMT markers. On day 14 of cell culture, level of expression of Twist correlated with the levels
of expression of EMT markers N-cadherin, Vimentin and Snail, but not with the expression of E-
cadherin. Textbox in the figure shows correlation values (r, r? and p) measured by the Spearman
correlation test (STATISTICA AXA 10). Expression levels of Twist, E-cadherin, N-cadherin,
Vimentin and Snail were normalized against the expression of HPRT1 and calculated as fold

increase compared to the levels exhibited by the parental 4T1luc2 cells.



ROS production correlated to early expression of N-cadherin, and late expression on vimentin

N-cad day 3:ROS, DCF-DArel: r = 0,8266; p= 0,0218; r’> = 0,6833
Vim day 14:ROS, DCF-DArel: r = 0,8324; p=0,0202; r> = 0,6928
N-cad day 3:ROS, DCF-DA mean: r = 0,8223; p = 0,0232; r? = 0,6762
Vim day 14:ROS, DCF-DA mean: r = 0,8277; p = 0,0215; r? = 0,6851

(one outlier data point excluded)
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Supplementary Figure 8. Correlation of ROS production and levels of expression of EMT
markers N-cadherin and Vimentin. Correlation between the level of ROS production per cell
(ROS, DCF-DA mean) or relative to parental 4T1luc2 line (ROS, DCF-DA rel) and expression
levels of N-cadherin on day 3 and Vimentin on day 14 of cell culture. Expression levels of N-
cadherin and Vimentin were normalized against the expression of HPRT1 and calculated as fold
increase compared to the levels exhibited by the parental 4T1luc2 cells. Textbox in the figure

shows correlation values (r, r>and p) measured by the Spearman correlation test (STATISTICA

AXA 10).




