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Figure 6. Transgene expression data as a function

of hMSC tissue source and donor

(A) Scatterplot showing aggregated EGFP-positive cells
and total cell counts for all transfection conditions in both
donors of adiposed-derived hMSCs (hAMSCs). (B) Scat-
terplot showing aggregated EGFP-positive cells and total
cell counts for all transfection conditions in both donors of

bone-marrow-derived hMSCs (hBMSCs). Q1 represents
high transgene expression but low total cell counts, which
could be attributed to either transfection-induced toxicity
and/or a reduction in proliferation. Q2 represents high
transgene expression with high total cell counts, which
could be attributed to either minimal transfection-induced
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large variability in gene expression, proliferative capacity, differentia-
tion capacity, and transfection efficacy between the donor and tissue
source from which they were obtained;* 1>
rameters have not been studied in depth as they pertain to DNA vec-
1311 Here, the data show
discrepancies in trends between transfection outcomes for each con-
dition between the different donors and tissue sources (Figure 2),
which may be partly attributed to the different proliferation rates be-
tween hMSCs from different donors and tissue source.” Generally,
hAMSCs have higher proliferation rates compared to hBMSCs,”
which may increase nuclear internalization of DNA vectors due to
the increased nuclear breakdown, thereby giving hAMSCs a higher
probability of successful transfection compared to hBMSCs. The
slower proliferating hBMSCs may have lower probabilities of success-
ful transfection due to less nuclear breakdown but have a higher DNA
vector-to-cell ratio due to their lower cell numbers compared to
hAMSCs (Figure 6), possibly causing an increase in transfection-
induced toxicity (Figure S4) due to the higher DNA vector dose, as
others have observed.” However, further studies are needed in order
to elucidate the discrepancies in transfection efficiency and transgene
expression observed in this study between different conditions on a
hMSC donor and tissue source basis.

45054 h owever, these pa-

tor modifications and transfection outcomes.

Conclusions

This work systematically investigated the effects of DNA vector mod-
ifications (i.e., promoter, bacterial element quantities, and positions
within the vector) on transfection in hMSCs from different donors
and tissue sources using two commercially available cationic carriers.
Analyzing each variable separately, we observed differences in trans-
fection outcomes based on promoter selection, DNA vector, and
cationic carrier, as well as donor and tissue source. Notably, we

Total Cell Counts

toxicity and/or minimal reduction in proliferation. Q3 rep-
resents both low transgene expression and low total cell
counts. Lastly, Q4 represents low transgene expression
but high total cell counts. It should be noted that these
quadrants were partitioned using the highest number
of EGFP-positive cells and total cell counts that were
observed in this current study; therefore, these quadrant
boundaries should not be used to evaluate conditions and
data from other studies. Lines represent the Poisson
regression line that best fits the data. Parameters are
identified within the legend provided.

‘2000

observed the highest levels of transgene expression when MIPs, com-
plexed with Lipofectamine 3000, were delivered to hAMSCs and
transgene production was under control of the CMV promoter.
Furthermore, the presented data provide valuable insight into the
importance of hMSC donor and tissue source variability as they
pertain to DNA vector modifications for nonviral gene delivery.
This work demonstrates that transfection parameters may need to
be tuned in an application- and patient-specific manner in order to
achieve efficient transfection in hMSCs for clinical therapies.

MATERIALS AND METHODS

Cell culture

Cryopreserved hMSCs from four human donors and two tissue sour-
ces were purchased at passage two from Lonza (Lonza, Walkersville,
MD, USA) and were used at passage six (see Table S1 for donor infor-
mation). Adipose-derived hMSCs (hAMSCs) were positive for CD13,
CD29, CD44, CD73, CD90, CD105, CD166, and negative for CD14,
CD31, and CD45 cell surface markers. Bone-marrow-derived hMSCs
(hBMSCs) were positive for CD29, CD44, CD105, and CD166 and
negative for CD14, CD34, and CD45 cell surface markers. hMSCs
were passaged and cultured in hMSC media, consisting of minimum
essential medium alpha (MEM Alpha; GIBCO, Grand Island, NY,
USA) supplemented with 10% heat-inactivated fetal bovine serum
(FBS; GIBCO), 6 mM L-Glutamine (GIBCO), and 1% penicillin-
streptomycin (Pen-Strep; 10,000 U/mL; GIBCO), and incubated at
37°C with 5% CO, until confluent. At confluence, hMSC media
was removed and cells were washed with 1x phosphate-buffered
saline (PBS) prior to the addition of 0.25% trypsin-ethylenediamine
tetraacetic acid (EDTA; GIBCO) for cellular dissociation. After disso-
ciation, an equal volume of hMSC media was added and total cellular
suspension was removed for subsequent cell pelleting via
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Table S9: Pairwise Comparisons Between Vectors for Each Donor
Donor Vector Vector | Estimate SE DF tValue | Pr>1t| | AdjP
D1 MC MIP -1.7418 | 0.1318 329.4 -13.22 | <.0001 | <.0001
D1 MC No F1 -0.3901 | 0.1353 353 -2.88 | 0.0042 | 0.0216
DI MC [ Plasmid | -0.2420 | 0.1367 353 -1.77 [0.0777 | OR0N |
D1 MIP No F1 1.3517 | 0.1267 283.9 10.67 | <.0001 | <.0001
D1 MIP Plasmid | 1.4998 | 0.1283 298.4 11.69 | <.0001 | <.0001
DI NoFl1 | Plasmid | 0.1481 | 0.1320 328.4 1.12 [ 02624 | IGHBN |
D2 MC MIP -2.3004 | 0.1325 328.6 -17.37 | <.0001 | <.0001
D2 MC No F1 -1.5455 | 0.1338 340.6 -11.55 | <.0001 | <.0001
D2 MC Plasmid | -1.2590 | 0.1355 353 -9.29 | <.0001 | <.0001
D2 MIP No F1 0.7549 | 0.1242 264.7 6.08 | <.0001 | <.0001
D2 MIP Plasmid | 1.0413 | 0.1261 279.8 8.26 | <.0001 | <.0001
D2 NoFl1 | Plasmid | 0.2864 | 0.1277 2922 2.24 1 0.0256 | R |
D3 MC MIP -1.3379 | 0.1328 335 -10.08 | <.0001 | <.0001
D3 MC No F1 -0.8160 | 0.1355 353 -6.02 | <.0001 | <.0001
D3 MC Plasmid | -0.7892 | 0.1362 353 -5.79 | <.0001 | <.0001
D3 MIP No F1 0.5220 | 0.1286 299.5 4.06 | <.0001 | 0.0004
D3 MIP Plasmid | 0.5488 | 0.1294 306.3 4.24 | <.0001 | 0.0002
D3 No F1 | Plasmid | 0.02683 | 0.1323 329 0.20 [ 0.8394 | IOEN |
D4 MC MIP -0.8133 | 0.1273 290.7 -6.39 | <.0001 | <.0001
D4 MC No F1 -0.3797 | 0.1298 310.1 -2.92 | 0.0037 | 0.0193
D4 MC Plasmid | -0.5073 | 0.1296 309.4 -3.91 | 0.0001 | 0.0006
D4 MIP No F1 0.4336 | 0.1269 284.9 3.42 ] 0.0007 | 0.0040
D4 MIP | Plasmid | 0.3060 | 0.1267 284.4 242 10.0164 ‘
D4 No F1 | Plasmid | -0.1276 | 0.1292 303.2 -0.99 | 0.3240
EGFP positive cell counts for each vector were analyzed as a negative binomial with total cell count
as an offset term. Vector effects within each donor were compared using least square means with
use of Tukey-Kramer to adjust for multiple comparisons. Estimate, logarithm of the ratio between
the estimated responses for each vector; SE, standard error; DF, degrees of freedom; t value, t-test
statistic; Pr > |t|, p-value associated with the t statistic; Adj P, adjusted p-value. Significance was
accepted at p<0.05. Red highlighted adjusted p-values indicate no significant difference at a=0.05

Table S10: Pairwise Comparisons Between Cationic Carriers for Each Promoter

Promoter Cationic Carrier Cationic Carrier | Estimate SE DF | tValue | Pr> |t Adj P
CMV Lipofectamine 3000 Turbofect -0.2017 | 0.07151 | 9.14 | -2.82 | 0.0197 | 0.0197
EFla Lipofectamine 3000 Turbofect 0.6563 | 0.07772 | 12.74 | 8.45 |<0.0001 | <0.0001

EGFP positive cell counts for each cationic carrier were analyzed as a negative binomial with total cell count as an
offset term. Cationic carrier effects within each promoter were compared using least square means with use of Tukey-
Kramer to adjust for multiple comparisons. Estimate, logarithm of the ratio between the estimated responses for each
cationic carrier; SE, standard error; DF, degrees of freedom; t value, t-test statistic; Pr > |t|, p-value associated with
the t statistic. Significance was accepted at p<0.05.




Table S11: Pairwise Comparisons Between Cationic Carriers for Each Vector

Vector Cationic Carrier Cationic Carrier | Estimate SE DF | tValue | Pr>|t Adj P
Plasmid | Lipofectamine 3000 Turbofect -0.08462 | 0.09949 | 32.95 | -0.85 | 0.4012 i
No F1 | Lipofectamine 3000 Turbofect 0.5532 | 0.09832 | 31.46 | 5.63 | <0.0001 | <0.0001

MC Lipofectamine 3000 Turbofect 0.1764 0.1038 | 38.9 1.7 0.0971
MIP | Lipofectamine 3000 Turbofect 0.2643 | 0.09460 | 26.99 | 2.79 0.0095 | 0.0095

EGFP positive cell counts for each cationic carrier were analyzed as a negative binomial with total cell count as an
offset term. Cationic carrier effects within each vector were compared using least square means with use of Tukey-
Kramer to adjust for multiple comparisons. Estimate, logarithm of the ratio between the estimated responses for each
cationic carrier; SE, standard error; DF, degrees of freedom; t value, t-test statistic; Pr > |t|, p-value associated with
the t statistic. Significance was accepted at p<0.05. Red highlighted p-values indicate no significant difference at

0=0.05.

Table S12: Pairwise Comparisons Between Cationic Carriers for Each Donor

Donor | Cationic Carrier _Cationic Carrier Estimate SE DF t Value | Pr>|[t]
D1 Lipofectamine Turbofect 0.5510 0.1174 | 4.157 4.69 0.0085
D2 Lipofectamine Turbofect 0.6193 0.1163 | 4.006 5.33 0.0060
D3 Lipofectamine Turbofect -0.2048 | 0.1177 | 4214 | -1.74 -E
D4 Lipofectamine Turbofect -0.05621 | 0.1155 | 3.906 -0.49

EGFP positive cell counts for each cationic carrier were analyzed as a negative binomial with total cell
count as an offset term. Cationic carrier effects within each donor were compared using least square means
with use of Tukey-Kramer to adjust for multiple comparisons. Estimate, logarithm of the ratio between the
estimated responses for each cationic carrier; SE, standard error; DF, degrees of freedom; t value, t-test
statistic; Pr > |t|, p-value associated with the t statistic.
highlighted p-values indicate no significant difference at a=0.05.

Significance was accepted at p<0.05.
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Table S13: Pairwise Comparisons Between Donors for Each Promoter

Promoter | Donor Donor | Estimate SE DF t Value Pr>t| Adj P
CMV DI D2 -0.6892 | 0.2325 | 4.565 296 | 0.0351 i
CMV DI D3 -1.2501 | 02325 | 4.566 -538 | 0.0039 | 0.0141
CMV D2 D3 -0.5609 | 02322 | 4.546 242 | 0.0655

CMV D4 DI 1.5946 | 0.2323 | 4.553 6.86 | 0.0014 | 0.0053
CMV D4 D2 0.9054 | 02321 | 4533 3.9 0.0138 | 0.0474
CMV D4 D3 03445 | 02321 | 4.534 148 | 0.2037

EFla DI D2 03532 | 0236 | 4.852 -1.5 0.1966

EFla DI D3 -0.4423 | 02369 | 4.923 -1.87 | 0.1218

EFla D2 D3 -0.0891 | 0.2366 4.9 -0.38 | 0.7223

EFla D4 DI 0.7838 | 0.2358 | 4.832 3.32 0.022

EFla D4 D2 04306 | 0.2355 | 4.81 1.83 0.1293

EFla D4 D3 0.3415 | 0.2364 | 4.879 144 | 0.2095

EGFP positive cell counts for each donor were analyzed as a negative binomial with total cell count as
an offset term. Donor effects within each promoter were compared using least square means with use of
Tukey-Kramer to adjust for multiple comparisons. Estimate, logarithm of the ratio between the estimated
responses for each donor; SE, standard error; DF, degrees of freedom; t value, t-test statistic; Pr > [t|, p-
value associated with the t statistic; Adj P, adjusted p-value. Significance was accepted at p<0.05. Red
highlighted adjusted p-values indicate no significant difference at 0=0.05




Table S14: Pairwise Comparisons Between Donors for Each Vector

Vector Donor Donor | Estimate SE DF t Value Pr > [t] Adj P
Plasmid | DI D2 -0.8555 | 02521 | 6311 339 [ 0.0135 ‘:
Plasmid | DI D3 212511 | 02531 | 6.404 494 | 0.0022 | 0.0088
Plasmid D2 D3 -0.3956 | 0.252 6.3 157 | 01652 | [ESEN |
Plasmid | D4 DI 16229 | 0252 | 6.298 644 | 0.0005 | 0.0023
Plasmid | D4 D2 0.7674 | 0.251 6.194 3.06 | 0.0214 | 0.0779
Plasmid | D4 D3 03718 | 02519 | 6.287 1.48 0.1882 | [ISONE |
No F1 DI D2 -0.9938 | 02504 | 6.14 -3.97 0.007 | 0.0272
No F1 DI D3 211298 | 02519 | 6.284 449 | 0.0037 | 0.0148
No F1 D2 D3 -0.136 | 0.2507 6.17 -0.54 | 0.6065 | [OHSH |
No F1 D4 DI 1.3472 | 02513 | 6.227 536 | 0.0015 | 0.0062
No F1 D4 D2 0.3534 | 0.2501 | 6.113 1.41 0.2066
No F1 D4 D3 02174 | 02516 | 6.256 0.86 | 0.4195

MC DI D2 0.1616 | 0257 | 6.807 0.63 0.55

MC DI D3 -0.7039 | 0.2565 | 6.754 -2.74 | 0.0298

MC D2 D3 -0.8655 | 0.2568 | 6.786 337 | 00125 | 0.048

MC D4 DI 13576 | 02541 | 6.506 534 | 0.0014 | 0.0056

MC D4 D2 15192 | 02545 | 6.545 597 | 0.0007 | 0.003

MC D4 D3 0.6537 | 0.2539 | 6.491 257 | 0.0393

MIP DI D2 -0397 | 02477 | 5.876 -1.6 0.1611

MIP DI D3 -0.3001 | 0.2484 | 5.946 121 | 02729

MIP D2 D3 0.09696 | 0.2484 | 5.941 039 | 0.7099

MIP D4 DI 04291 | 0.2481 | 5915 1.73 0.1351

MIP D4 D2 [ 0.03209 [ 0.248 591 0.13 0.9013

MIP D4 D3 0.1291 | 0.2488 5.98 052 | 0.6226

EGFP positive cell counts for each donor were analyzed as a negative binomial with total cell count as
an offset term. Donor effects within each vector were compared using least square means with use of
Tukey-Kramer to adjust for multiple comparisons. Estimate, logarithm of the ratio between the estimated
responses for each donor; SE, standard error; DF, degrees of freedom; t value, t-test statistic; Pr > [t|, p-
value associated with the t statistic; Adj P, adjusted p-value. Significance was accepted at p<0.05. Red
highlighted adjusted p-values indicate no significant difference at 0=0.05




Table S15: Pairwise Comparisons Between Donors for Each Cationic Carrier

Cationic Carrier Donor Donor | Estimate SE DF t Value | Pr>|t|
Turbofect D1 D2 -0.4871 | 0.2402 5.11 -2.03 0.0972
Turbofect D1 D3 -1.2241 | 0.2404 | 5.127 -5.09 0.0035
Turbofect D2 D3 -0.737 | 0.2402 | 5.113 -3.07 0.0271
Turbofect D4 D1 1.4928 | 0.2398 | 5.078 6.22 0.0015
Turbofect D4 D2 1.0057 | 0.2397 | 5.064 4.2 0.0083
Turbofect D4 D3 0.2687 | 0.2399 | 5.081 1.12 0.3127

Lipofectamine 3000 D1 D2 -0.5553 | 0.239 5.003 -2.32 0.0677
Lipofectamine 3000 D1 D3 -0.4683 | 0.2395 5.05 -1.96 0.1074
Lipofectamine 3000 D2 D3 0.08698 | 0.2391 5.02 0.36 0.7309
Lipofectamine 3000 D4 D1 0.8856 | 0.2389 | 5.003 3.71 0.0139
Lipofectamine 3000 D4 D2 0.3303 | 0.2386 | 4.973 1.38 0.2252
Lipofectamine 3000 D4 D3 0.4173 | 0.2391 | 5.019 1.74 0.1412

EGFP positive cell counts for each donor were analyzed as a negative binomial with total cell count as an
offset term. Donor effects within each cationic carrier were compared using least square means with use of
Tukey-Kramer to adjust for multiple comparisons. Estimate, logarithm of the ratio between the estimated
responses for each donor; SE, standard error; DF, degrees of freedom; t value, t-test statistic; Pr > [t|, p-value
associated with the t statistic; Adj P, adjusted p-value. Significance was accepted at p<0.05. Red highlighted

adjusted p-values indicate no significant difference at 0=0.05
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Figure S1. Donor specific transfection efficiency fold changes for all pairwise comparisons of transfection

conditions. (A) Transfection efficiency fold changes for all pairwise comparisons of transfection




conditions in D1 hAMSCs. (B) Transfection efficiency fold changes for all pairwise comparisons of
transfection conditions in D2 hAMSCs. (C) Transfection efficiency fold changes for all pairwise
comparisons of transfection conditions in D3 hBMSCs. (D) Transfection efficiency fold changes for all
pairwise comparisons of transfection conditions in D4 hBMSCs. Fold changes are presented relative to

column conditions.
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Figure S2. Donor specific transgenic luciferase act



transfection conditions. (A) Transgenic luciferase activity fold changes for all pairwise comparisons of
transfection conditions in D1 hAMSCs. (B) Transgenic luciferase activity fold changes for all pairwise
comparisons of transfection conditions in D2 hAMSCs. (C) Transgenic luciferase activity fold changes
for all pairwise comparisons of transfection conditions in D3 hBMSCs. (D) Transgenic luciferase activity
fold changes for all pairwise comparisons of transfection conditions in D4 hBMSCs. Fold changes are
presented relative to column conditions.
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Figure S3. Relative transgenic mRNA transcripts at 12- and 24-hours following delivery of complexes as a
function of DNA vector and promoter. (A) Transgenic mRNA transcripts, relative to the plasmid vector
with the CMYV promoter, for D1 hMSCs 12 hours after delivery of DNA vectors complexed with Turbofect.
(B) Transgenic mRNA transcripts, relative to the plasmid vector with the EFla promoter, for D1 hMSCs
12 hours after delivery of DNA vectors complexed with Turbofect. (C) Transgenic mRNA transcripts,
relative to the plasmid vector with the CMV promoter, for D1 hMSCs 24 hours after delivery of DNA
vectors complexed with Turbofect. (D) Transgenic mRNA transcripts, relative to the plasmid vector with
the EF1a promoter, for D1 hMSCs 24 hours after delivery of DNA vectors complexed with Turbofect. Data
in bar graphs are represented as mean + SEM (n=6). *, p<0.05; **, p<0.01; *** p<0.001; **** p<0.0001.
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Figure S4. Cationic carrier effects on total cell counts in different donors of hMSCs derived from adipose
tissue and bone marrow. Total cell counts for a DNA vector complexed with Turbofect were divided by
total cell counts for the same DNA vector complexed with Lipofectamine 3000 for each donor to calculate
total cell count ratios, which is an indirect measure of toxicity and/or proliferative effects of Turbofect
relative to Lipofectamine 3000. Data in bar graphs are represented as mean = SEM (n=48/donor). ****,
p<0.0001




