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miRNAs enhancing eel! productivity 

Field of the Invention 

5 The invention relates to a nucleic acid construct comprising at least two different regions 
each encoding for at least one miRNA or miRNA-inhibitor having distinct functions such 
as stimulating cellular production of a biomolecule, regulating cell survival and/or 
regulating proliferation. The invention further relates to a cell comprising such a nucleic 
acid construct. Moreover, the invention relates to a method for increasing the yield of a 

10 biomolecule produced by a cell cultured in vitro. 

Background of the Invention 

Since the first pharmaceuticals, such as insulin, were biotechnologically produced, i.e. 
in living cells, the field of biopharmaceutical manufacturing has grown enormously. 
Nowadays a large variety of pharmaceutical compounds is produced using 

15 biotechnological methods. Such compounds comprise antibodies, cytokines, hormones 
as well as anticoagulants. Whereas most compounds are produced in lower organisms 
such as bacteria and yeast, an increasing number of interesting pharmaceuticals, in 
particular large and complex proteins, need to be expressed in cells derived from higher 
order organisms such as mammals. This is due to the need of specific enzymes or other 

20 molecules involved in the synthesis of the desired compounds, which mostly developed 
late during evolution. For example, most post-translational modifications of proteins are 
mediated by enzymes, which are expressed by most mammalian cells but not in 
bacteria or yeast. Accordingly, biopharmaceuticals are nowadays extensively produced 
in mammalian cell factories. Due to the rapidly growing demand of biopharmaceuticals, 

25 in particular recombinant proteins, various strategies are pursued to achieve higher 
product titers while maintaining maximal product quality. However, moderate product 
titers and low stress tolerance in bioreactors are still considerable challenges compared 
to prokaryotic expression systems. Overcoming limitations of mammalian manufacturing 
cell lines has been addressed by different cell line engineering approaches to steadily 

30 increase production efficiency (e.g. Kramer et al., 2010). Apart from gene knockouts 
mediated e.g. by zinc finger nucleases, mega nucleases or more recently by using the 
CRISPR/Cas9 system, the introduction of beneficial genes such as Bcl-XL or AVEN 
was frequently applied to engineer mammalian cell factories. However, the vast majority 
of those techniques is complex, labour intensive or requires a substantial amount of 

35 time for establishment. Moreover, traditional cell engineering strategies usually rely on 
the overexpression of one or few secretion enhancing genes. The constitutive 
overexpression, however, adds additional translational burden to the production cell 
and, thus, lowers its capacity for producing the biopharmaceutical of interest. 
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Therefore, there is a need in the art to provide tools and methods to increase production 
efficiency in biopharmaceutical manufacturing, in particular to increase the productivity 
while maintaining or even minimizing the cells consumption of energy and nutrients not 
directed to the production of the compound of interest. 

5 Summary of the Invention 

In a first aspect, the invention relates to a nucleic acid construct comprising at least two 
different regions, wherein the regions are selected of a first region encoding for at least 
one miRNA stimulating cellular production of a biomolecule in a cell, the miRNA is 
selected from group 1, a second region encoding for at least one miRNA and/or miRNA-

10 inhibitor suppressing cell death, the miRNA is selected from group 2 and the miRNA-
inhibitor inhibits a miRNA selected from group 3, and a third region encoding for at least 
one miRNA and/or miRNA-inhibitor regulating cell proliferation, the miRNA is selected 
from group 4 or 5 and the miRNA-inhibitor inhibits a miRNA selected from group 4 or 5, 
wherein group 1 consists of SEQ ID NO.: 1, 2, 3, 4, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 

15 17, 18, 19, 20, 21, 25, 26, 27, 28, 29, 32, 34, 37, 39, 40, 41, 42, 44, 45, 46, 47, 48, 49, 
51, 52, 53, 55, 56, 57, 58, 62, 63, 66, 67, 69, 70, 75, 76, 77, 80, 81, 82, 83, 86, 88, 90, 
91, 93, 98, 99, 100, 101, 102, 103, 104, 106, 109, 110, 111, 112, 113, 114, 115, 116, 
117, 118, 120, 121, 128, 130, 132, 134, 136, 137, 138, 141, 142, 143, 147, 151, 152, 
155, 158, 163, 165, 171, 174, 182, 183, 185, 186, 188, 190, 201, 203, 207, 211, 212, 

20 214, 217, 222, 223, 228, 230, 233, 238, 239, 240, 254, 255, 269, 276, 278, 279, 285, 
and 294; group 2 consists of SEQ ID NO.: 1, 2, 3, 4, 6, 8, 9, 20, 52, 98, 5, 7, 24, 31, 33, 
50, 54, 59, 60, 61, 64, 68, 71, 73, 74, 79, 85, 87, 89, 92, 94, 95 97, 145, 153, 154, 156, 
159, 161, 166, 167, 168, 169, 170, 172, 175, 176, 178, 179, 180, 181, 184, 191, 192, 
194, 195, 196, 197, 199, 200, 204, 205, 206, 208, 209, 210, 213, 216, 219, 220, 221, 

25 224, 225, 226, 227, 229, 231, 236, 237, 241, 242, 243, 245, 247, 248, 251, 252, 253, 
256, 257, 258, 259, 260, 262, 265, 266, 268, 271, 272, 273, 274, 277, 280, 282, 284, 
289, 293, and 295; group 3 consists of SEQ ID NO.: 296, 297, 298, 299, 300, 301, 302, 
303, 304, 305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 
320, 321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 

30 337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 
354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 
371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 
388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 
405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 

35 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 
439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 
456, 457, 458, 459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 
473, 474, 475, 476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 
490, 491, 492, 493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 

40 507, 508, 509, 510, 511, 512, 513, 514, 515, 605, 607, 608, and 609; group 4 consists 
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of SEQ ID NO.: 5, 7, 68, 79, 94, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 22, 23, 30, 35, 
36, 38, 43, 65, 72, 78, 84, 96, 105, 107, 108, 119, 122, 123, 124, 125, 126, 127, 129, 
131, 133, 135, 139, 140, 144, 146, 148, 149, 150, 160, 162, 164, 173, 177, 187, 189, 
193, 198, 202, 215, 218, 232, 234, 235, 244, 246, 249, 250, 261, 263, 264, 267, 270, 

5 275, 281, 283, 287, 288, and 291; and group 5 consists of SEQ ID NO.: 516, 517, 518, 
519, 520, 521, 522, 523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 
536, 537, 538, 539, 540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 
553, 554, 555, 556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 
570, 571, 572, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 

10 587, 588, 589, 590, 591, 592, 593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 
604, and 606. 

In a further aspect, the invention relates to a cell comprising the nucleic acid construct 
of the invention. 

In a further aspect, the invention relates to a method for increasing the yield of a 
15 biomolecule produced by a cell cultured in vitro comprising at least two steps selected 

of stimulating cellular production of the biomolecule by increasing the level of at least 
one miRNA selected from group 1 in the cell, reducing cell death by increasing the level 
of at least one miRNA selected from group 2 in the cell and/or decreasing the level of at 
least one miRNA selected from group 3, and regulating proliferation of the cell by 

20 increasing the level of at least one miRNA selected from group 4 or 5 in the cell and/or 
decreasing the level of at least one miRNA selected from group 4 or 5, wherein group 1 
consists of SEQ ID NO.: 1, 2, 3, 4, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 
25, 26, 27, 28, 29, 32, 34, 37, 39, 40, 41, 42, 44, 45, 46, 47, 48, 49, 51, 52, 53, 55, 56, 
57, 58, 62, 63, 66, 67, 69, 70, 75, 76, 77, 80, 81, 82, 83, 86, 88, 90, 91, 93, 98, 99, 100, 

25 101, 102, 103, 104, 106, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 120, 121, 
128, 130, 132, 134, 136, 137, 138, 141, 142, 143, 147, 151, 152, 155, 158, 163, 165, 
171, 174, 182, 183, 185, 186, 188, 190, 201, 203, 207, 211, 212, 214, 217, 222, 223, 
228, 230, 233, 238, 239, 240, 254, 255, 269, 276, 278, 279, 285, and 294; group 2 
consists of SEQ ID NO.: 1, 2, 3, 4, 6, 8, 9, 20, 52, 98, 5, 7, 24, 31, 33, 50, 54, 59, 60, 

30 61, 64, 68, 71, 73, 74, 79, 85, 87, 89, 92, 94, 95 97, 145, 153, 154, 156, 159, 161, 166, 
167, 168, 169, 170, 172, 175, 176, 178, 179, 180, 181, 184, 191, 192, 194, 195, 196, 
197, 199, 200, 204, 205, 206, 208, 209, 210, 213, 216, 219, 220, 221, 224, 225, 226, 
227, 229, 231, 236, 237, 241, 242, 243, 245, 247, 248, 251, 252, 253, 256, 257, 258, 
259, 260, 262, 265, 266, 268, 271, 272, 273, 274, 277, 280, 282, 284, 289, 293, and 

35 295; group 3 consists of SEQ ID NO.: 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 
306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 
323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 
340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 
357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 

40 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 
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391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 
408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 
425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 
442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 

5 459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 
476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 
493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 
510, 511, 512, 513, 514, 515, 605, 607, 608, and 609; group 4 consists of SEQ ID NO.: 
5, 7, 68, 79, 94, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 22, 23, 30, 35, 36, 38, 43, 65, 72, 

10 78, 84, 96, 105, 107, 108, 119, 122, 123, 124, 125, 126, 127, 129, 131, 133, 135, 139, 
140, 144, 146, 148, 149, 150, 160, 162, 164, 173, 177, 187, 189, 193, 198, 202, 215, 
218, 232, 234, 235, 244, 246, 249, 250, 261, 263, 264, 267, 270, 275, 281, 283, 287, 
288, and 291; and group 5 consists of SEQ ID NO.: 516, 517, 518, 519, 520, 521, 522, 
523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 

15 540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 556, 
557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 572, 573, 
574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 
591, 592, 593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, and 606. 

In a further aspect, the invention relates to a method for producing a biomolecule in a 
20 cell comprising the steps propagating the cell in a cell culture, increasing the level of at 

least one miRNA selected from the group consisting of SEQ ID NO.: 1, 2, 3, 4, 5, 6, 7, 
8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20, and isolating the biomolecule from 
the cell culture. 

In a further aspect, the invention relates to the use of a combination of at least one 
25 miRNA selected from group 1, at least one miRNA selected from group 2 and/or at least 

one miRNA-inhibtor inhibiting a miRNA selected from group 3, and at least one miRNA 
selected from group 4 or 5 and/or at least one miRNA-inhibitor inhibiting a miRNA 
selected from group 4 or 5, in producing a biomolecule in a cell, wherein group 1 
consists of SEQ ID NO.: 1,2, 3, 4, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 

30 25, 26, 27, 28, 29, 32, 34, 37, 39, 40, 41, 42, 44, 45, 46, 47, 48, 49, 51, 52, 53, 55, 56, 
57, 58, 62, 63, 66, 67, 69, 70, 75, 76, 77, 80, 81, 82, 83, 86, 88, 90, 91, 93, 98, 99, 100, 
101, 102, 103, 104, 106, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 120, 121, 
128, 130, 132, 134, 136, 137, 138, 141, 142, 143, 147, 151, 152, 155, 158, 163, 165, 
171, 174, 182, 183, 185, 186, 188, 190, 201, 203, 207, 211, 212, 214, 217, 222, 223, 

35 228, 230, 233, 238, 239, 240, 254, 255, 269, 276, 278, 279, 285, and 294; group 2 
consists of SEQ ID NO.: 1, 2, 3, 4, 6, 8, 9, 20, 52, 98, 5, 7, 24, 31, 33, 50, 54, 59, 60, 
61, 64, 68, 71, 73, 74, 79, 85, 87, 89, 92, 94, 95 97, 145, 153, 154, 156, 159, 161, 166, 
167, 168, 169, 170, 172, 175, 176, 178, 179, 180, 181, 184, 191, 192, 194, 195, 196, 
197, 199, 200, 204, 205, 206, 208, 209, 210, 213, 216, 219, 220, 221, 224, 225, 226, 

40 227, 229, 231, 236, 237, 241, 242, 243, 245, 247, 248, 251, 252, 253, 256, 257, 258, 
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259, 260, 262, 265, 266, 268, 271, 272, 273, 274, 277, 280, 282, 284, 289, 293, and 
295; group 3 consists of SEQ ID NO.: 296, 297, 298, 299, 300, 301, 302, 303, 304, 305, 
306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 321, 322, 
323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 337, 338, 339, 

5 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 353, 354, 355, 356, 
357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 369, 370, 371, 372, 373, 
374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 385, 386, 387, 388, 389, 390, 
391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 401, 402, 403, 404, 405, 406, 407, 
408, 409, 410, 411, 412, 413, 414, 415, 416, 417, 418, 419, 420, 421, 422, 423, 424, 

10 425, 426, 427, 428, 429, 430, 431, 432, 433, 434, 435, 436, 437, 438, 439, 440, 441, 
442, 443, 444, 445, 446, 447, 448, 449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 
459, 460, 461, 462, 463, 464, 465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 
476, 477, 478, 479, 480, 481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 
493, 494, 495, 496, 497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 

15 510, 511, 512, 513, 514, 515, 605, 607, 608, and 609; group 4 consists of SEQ ID NO.: 
5, 7, 68, 79, 94, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 22, 23, 30, 35, 36, 38, 43, 65, 72, 
78, 84, 96, 105, 107, 108, 119, 122, 123, 124, 125, 126, 127, 129, 131, 133, 135, 139, 
140, 144, 146, 148, 149, 150, 160, 162, 164, 173, 177, 187, 189, 193, 198, 202, 215, 
218, 232, 234, 235, 244, 246, 249, 250, 261, 263, 264, 267, 270, 275, 281, 283, 287, 

20 288, and 291; and group 5 consists of SEQ ID NO.: 516, 517, 518, 519, 520, 521, 522, 
523, 524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 
540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 556, 
557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 572, 573, 
574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 588, 589, 590, 

25 591, 592, 593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 604, and 606. 

Brief Description of the Drawings 

Figure 1 shows the normalized specific SEAP productivity of CHO-SEAP control cells 
transfected with a functional anti-SEAP control siRNA for all 73 screen plates. Each 
column represents the mean value of the indicated screen plate. Data was normalized 

30 to the mean value of the respective non-targeting control miRNA. Error bars indicate the 
standard deviation (SD) of three independent transfections. 

Figure 2 shows an overview on the numbers of miRNAs mimics from the primary screen 
in CHO-SEAP cells, which induced significant changes (p<0.05), as percentage of the 
miRNA library. Cake charts are given for each considered bioprocess relevant 

35 parameter. 

Figure 3 shows that the entire miR-30 family contributes to enhanced culture 
performance of CHO-SEAP cells. (A) Normalized volumetric SEAP productivity for all 
miR-30 miRNAs exhibiting increased SEAP productivity in the primary miRNA screen 
(A) and in the secondary (validation) miRNA screen (B). Normalized viable cell density 
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for all miR-30 miRNAs exhibiting increased SEAP under agitated culture conditions (C). 
Influence of miR-30 miRNAs on apoptosis and necrosis under agitated culture 
conditions. Error bars represent the SD of three independent transfections. For 
statistical analysis an unpaired two-tailed t-test was applied (** p<0.01; *** p<0.001). 

5 Normalized increase in volumetric (y-axis) against specific SEAP productivity (x-axis) 
shown for miRNAs significantly influencing both parameters. (E) Normalized decrease 
in apoptosis (y-axis) against increase in specific SEAP productivity (x-axis) shown for 
miRNAs significantly influencing both parameters (F). Respective miR-30 family 
members are indicated. 

10 Figure 4 shows the results of a scale-up transfection of miR-30 family members for 
screen validation in CHO-SEAP cells. Influence on normalized volumetric SEAP 
productivity (A) and viable cell density (VCD) and viability (B) following introduction of 
either single miR-30a-5p and miR-30c-5p mimics or combinations of both miRNAs after 
72 h following transient introduction. Values were normalized to the miR-NT control and 

15 error bars represent the SD of three independent transfections. For statistical analysis 
an unpaired two-tailed t-test was applied (* p<0.05; ** p<0.01; *** p<0.001). 

Figure 5 shows a characterization of stable miR-30 overexpressing CHO-SEAP cell 
pools. miRNA overexpression in stable cell pools (A). Mature miR-30 levels are 
expressed relative to U6 snoRNA. miRNA overexpression is presented as fold-change 

20 value relative to endogenous miRNA level represented by the pEGP-MIR-Null control 
pool. Determination of volumetric SEAP productivity (B), viable cell density / viability (C), 
and specific SEAP productivity (D) during batch cultivation of MIR30a, MIR30c and 
MIR30e overexpressing cell pools compared to negative control and parental CHO-
SEAP cells. Error bars represent the SD of three replicates. Statistical analysis: 

25 unpaired two-tailed t-test comparing each miR-30 overexpressing pool with the parental 
CHO-SEAP cell line (* p<0.05; ** p<0.01; *** p<0.001). 

Figure 6 shows (A) an analysis of endogenous miR-30a-5p (diamond) and miR-30c-5p 
(triangle) expression level during batch cultivation of CHO-SEAP cells. Analysis of 
miRNA expression level and viable cell density (dotted line) was performed at indicated 

30 days post seeding and changes in miRNA expression were calculated relative to the 
level at 48 h. (B) Analysis of apoptosis in CHO-SEAP cells after miR-30c-5p 
mimics/antagomiR (anti-miR-30c-5p) transfection by means of Nicoletti staining. DNA 
content of transfected cells was determined using flow cytometry and cells exhibiting 
DNA content less than 2n (Sub-G1/0) were quantified as percentage of the whole cell 

35 population. Error bars represent the SD of three independent transfections. (C) Relative 
mature miR-30c-5p abundance in CHO-SEAP cells after miR-30c-5p mimics/antagomiR 
(anti-miR-30c-5p) transfection. miRNA expression is presented as fold-change value 
relative to endogenous miRNA level represented by miR-NT transfected control cells 
(black column). Total RNA was isolated 72 h post transfection and RNA samples of 

40 triplicate transfections were pooled for reverse transcription. Mature miR-30c-5p levels 
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are expressed relative to U6 snoRNA and error bars represent the SD of three technical 
replicates. Normalized (D) specific SEAP productivity and (E) viable cell density of 
CHO-SEAP cells 72 h following miR-30c-5p mimics/antagomiR (anti-miR-30c-5p) 
introduction. Data was normalized to values of the miR-NT transfected control cells 

5 (black column) and error bars represent the SD of three independent transfections. For 
statistical analysis an unpaired two-tailed t-test was applied (** p<0.01; *** p<0.001). 

Figures 7 to 9 show the results of the secondary (validation) miRNA screen for 
regarding specific SEAP productivity (7), volumetric SEAP productivity (8) and 
proliferation (9). Data was normalized to values of the miR-NT transfected control cells 

10 and error bars represent the SD of three independent transfections. For statistical 
analysis an unpaired two-tailed t-test was applied (** p<0.01; *** p<0.001). 

Figure 10 shows activity of three apoptosis promoting miRNAs, miR-134-5p, miR-378-
5p and let-7d-3p, in different human cell lines, namely SKOV 3, T98G, HCT 116 and 
SGBS (n=3 +/- SD; +p < 0.05, ** p < 0.01, ***p < 0.001 to non targeting control miR-NT) 

15 Figure 11 shows the increased production of recombinant adeno-associated vectors 
(rAAVs) in HeLa cells upon transfection of miR-483. 

Detailed Description of the Invention 

In a first aspect, the invention relates to a nucleic acid construct comprising at least two 
different regions, wherein the regions are selected of a first region encoding for at least 

20 one miRNA stimulating cellular production of a biomolecule in a cell, the miRNA is 
selected from group 1, a second region encoding for at least one miRNA and/or miRNA-
inhibitor suppressing cell death, the miRNA is selected from group 2 and the miRNA-
inhibitor inhibits a miRNA selected from group 3, and a third region encoding for at least 
one miRNA and/or miRNA-inhibitor regulating cell proliferation, the miRNA is selected 

25 from group 4 or 5 and the miRNA-inhibitor inhibits a miRNA selected from group 4 or 5. 

Micro RNAs (miRNAs) are endogenous small non-coding RNA molecules of about 22 
nucleotides that post-transcriptionally regulate global gene expression in eukaryotic 
cells and are highly conserved across species. A single miRNA usually regulates up to 
hundreds of different messenger RNAs (mRNAs) and most mRNAs are expected to be 

30 targeted by multiple miRNAs. miRNA genes are transcribed by RNA polymerase-ll and 
subsequently processed, giving rise to single-stranded mature miRNAs, which are 
incorporated into the RNA-induced silencing complex (RISC). As a central part of the 
RISC complex, the miRNA guides RISC to its mRNA targets, where the miRNA binds 
the 3-untranslated region (3'UTR) of the mRNA transcript by partial complementary 

35 base pairing. Gene silencing occurs either through argonaute-2 (AG02)-mediated 
mRNA cleavage or translational repression facilitated by AG01 to 4, with both ways 
finally reducing the levels of corresponding proteins (van Rooij, 2011). In contrast to 
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small interference RNAs (siRNAs), miRNAs are only partially complementary to binding 
sites within the 3'UTR of the target transcript, leading to less specificity and, thus, 
increasing the pool of potential target genes. Complete Watson-Crick base pairing is 
only compository at the miRNA "seed" region which covers the sequence between 

5 nucleotide 2 to 7/8 at the 5-end of the mature miRNA. miRNAs with identical "seed" 
sequences such as the miR-30 members are grouped into families. According to 
bioinformatic target prediction tools, members of the same family are supposed to share 
a large number of target mRNAs. 

The inventors found that despite the large number of targets of a single miRNA, several 
10 miRNAs show a specific effect on certain cellular processes. By performing a functional 

high-content miRNA screen, using an entire murine miRNA mimics library comprising 
1139 miRNAs, in a recombinant CHO-SEAP suspension cell line, the inventors revealed 
distinct miRNAs, which are suitable to improve specific cell functions. In particular, the 
miRNAs of group 1 (table 1) were found to stimulate cellular production of the 

15 biomolecule. The term "cellular production of a biomolecule" as used herein refers to 
the amount of a biomolecule produced per cell. Cellular production is also referred to as 
"specific productivity", in contrast to the "volumetric productivity" of an entire culture, 
which refers to the yield of biomolecule that can be harvested from the culture. The level 
of cellular production mainly depends on the amount of biomolecule synthesized per 

20 time by one cell e.g. on protein translation speed, and where applicable on the 
efficiency, with which the biomolecule is secreted from the cell. Thus, miRNAs of group 
1 are expected to influence one or even both processes. Within group 1, the miRNAs of 
group 9, consisting of SEQ ID NO.: 1, 3, 6, 8, 10, 29, 39, 40, 47, 49, 51, 55, 91, 103, 
115, 132, 137, 171, 211 and 294 were found to show the most prominent effect on 

25 cellular production. Accordingly, the first region preferably encodes for at least one 
miRNA selected from group 9. 

Table 1: miRNAs stimulating cellular production (group 1) 

SEQ ID miRNA 18 mmu-miR-1968-5p 
NO.: 19 mmu-miR-150-3p 

1 mmu-miR-99b-3p 20 mmu-miR-30d-5p 
2 mmu-miR-767 21 mmu-miR-92b-5p 
3 mmu-miR-30a-5p 25 mmu-miR-871-3p 
4 mmu-miR-3062-5p 26 mmu-miR-760-5p 
6 mmu-miR-200a-5p 27 mmu-miR-741-3p 
8 mmu-miR-135a-1-3p 28 mmu-miR-713 
9 mmu-miR-743a-5p 29 mmu-miR-700-5p 
10 mmu-miR-694 32 mmu-miR-669d-2-3p 
11 mmu-miR-674-3p 34 mmu-miR-666-5p 
12 mmu-miR-669d-3p 37 mmu-miR-5623-5p 
13 mmu-miR-301b-5p 39 mmu-miR-5134 
14 mmu-miR-212-5p 40 mmu-miR-5132 
15 mmu-miR-203-5p 41 mmu-miR-5127 
16 mmu-miR-200b-5p 42 mmu-miR-5124 
17 mmu-miR-200a-3p 44 mmu-miR-5117-3p 
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45 mmu-miR-5111-3p 121 mmu-miR-375-5p 
46 mmu-miR-5099 128 mmu-miR-30b-5p 
47 mmu-miR-504-5p 130 mmu-miR-3057-3p 
48 mmu-miR-497-3p 132 mmu-miR-20a-5p 
49 mmu-miR-484 134 mmu-miR-1942 
51 mmu-miR-466f-3p 136 mmu-miR-1903 
52 mmu-miR-463-5p 137 mmu-miR-1901 
53 mmu-miR-3971 138 mmu-miR-1843b-3p 
55 mmu-miR-370-3p 141 mmu-miR-1264-3p 
56 mmu-miR-344g-5p 142 mmu-miR-1194 
57 mmu-miR-344d-3p 143 mmu-miR-1188-3p 
58 mmu-miR-341-5p 147 mmu-miR-30c-1 -3p 
62 mmu-miR-3113-3p 151 mmu-miR-92b-3p 
63 mmu-miR-3107-3p 152 mmu-miR-879-3p 
66 mmu-miR-3094-5p 155 mmu-miR-764-5p 
67 mmu-miR-3083-5p 158 mmu-miR-720 
69 mmu-miR-3074-5p 163 mmu-miR-702 
70 mmu-miR-3065-3p 165 mmu-miR-669d-5p 
75 mmu-miR-218-1-3p 171 mmu-miR-568 
76 mmu-miR-215-3p 174 mmu-miR-5621-5p 
77 mmu-miR-20b-5p 182 mmu-miR-5114 
80 mmu-miR-1 b-3p 183 mmu-miR-5106 
81 mmu-miR-1956 185 mmu-miR-5097 
82 mmu-miR-1953 186 mmu-miR-5046 
83 mmu-miR-193b-3p 188 mmu-miR-488-5p 
86 mmu-miR-1898 190 mmu-miR-467d-5p 
88 mmu-miR-155-5p 201 mmu-miR-351-3p 
90 mmu-miR-149-5p 203 mmu-miR-344d-1 -5p 
91 mmu-miR-143-5p 207 mmu-miR-330-5p 
93 mmu-miR-136-5p 211 mmu-miR-3104-3p 
98 mmu-let-7a-1-3p 212 mmu-miR-3102-3p.2-3p 
99 mmu-miR-875-5p 214 mmu-miR-3100-3p 
100 mmu-miR-802-5p 217 mmu-miR-3093-3p 
101 mmu-miR-708-3p 222 mmu-miR-3075-3p 
102 mmu-miR-681 223 mmu-miR-3073b-3p 
103 mmu-miR-677-5p 228 mmu-miR-3065-5p 
104 mmu-miR-675-3p 230 mmu-miR-3061-5p 
106 mmu-miR-669e-5p 233 mmu-miR-302a-5p 
109 mmu-miR-5115 238 mmu-miR-29a-3p 
110 mmu-miR-5105 239 mmu-miR-299-3p 
111 mmu-miR-5104 240 mmu-miR-294-5p 
112 mmu-miR-503-3p 254 mmu-miR-1966 
113 mmu-miR-489-5p 255 mmu-miR-1963 
114 mmu-miR-485-3p 269 mmu-miR-132-5p 
115 mmu-miR-483-3p 276 mmu-miR-1231-5p 
116 mmu-miR-467c-3p 278 mmu-miR-1196-5p 
117 mmu-miR-3970 279 mmu-miR-1193-5p 
118 mmu-miR-3969 285 mmu-let-7e-5p 
120 mmu-miR-376c-5p 294 mmu-miR-30c-5p 

The miRNAs of groups 2 (table 2) and 3 (table 3) were found to influence cell survival 
either by suppressing cell death (group 2) or by promoting apoptosis or necrosis (group 
3). Cell death within the culture does not only reduce the number of producing cells but 
also provides a significant burden to the entire culture. Dead cells remain within the 
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culture as debris, which increases cellular stress and can even become toxic at higher 
concentrations. Accordingly, cell debris needs to be removed from the cultures, which 
disturbs the culture conditions and provides physical stress to the cells, all of which 
finally results in a reduced productivity. Therefore, for suppressing cell death, the 
nucleic acid construct encodes for a miRNA of group 2, which are suitable to directly 
inhibit apoptosis. Of these miRNAs, the miRNAs of group 10 consisting of SEQ ID NO.: 
3, 7, 20, 54, 59, 73, 94, 145, 159, 175, 176, 178, 179, 199, 206, 248, 251, 252, 266 and 
272 were found to show the most prominent effect on cell survival. Accordingly, the 
second region preferably encodes for at least one miRNA selected from group 10. The 
miRNAs of group 3 (table 3) were found to promote cell death, in particular apoptosis 
(group 6; table 6) or necrosis (group 7; table 7). Thus, inhibition of these miRNAs is 
suitable for suppressing cell death. Within group 3, the miRNAs of group 11 consisting 
of SEQ ID NO.: 297, 305, 307, 311, 312, 313, 321, 330, 331, 335, 336, 340, 345, 351, 
359, 405, 412, 458, 510 and 608 were found to have the most prominent cell death 
inducing effect, such that an inhibition of these miRNAs is most preferred. Accordingly, 
the second region preferably encodes for at least one miRNA-inhibitor inhibiting a 
miRNA selected from group 11. 

Table 2: miRNAs suppressing apoptosis 

SEQ ID miRNA 92 mmu-miR-141-5p 
NO.: 94 mmu-miR-136-3p 
1 mmu-miR-99b-3p 95 mmu-miR-1247-5p 
2 mmu-miR-767 97 mmu-miR-106a-3p 
3 mmu-miR-30a-5p 98 mmu-let-7a-1-3p 
4 mmu-miR-3062-5p 145 mmu-miR-126-3p 
5 mmu-miR-291b-3p 153 mmu-miR-872-5p 
6 mmu-miR-200a-5p 154 mmu-miR-871-5p 
7 mmu-miR-1 a-3p 156 mmu-miR-760-3p 
8 mmu-miR-135a-1-3p 159 mmu-miR-717 
9 mmu-miR-743a-5p 161 mmu-miR-711 
20 mmu-miR-30d-5p 166 mmu-miR-669c-5p 
24 mmu-miR-878-3p 167 mmu-miR-592-5p 
31 mmu-miR-669f-3p 168 mmu-miR-590-5p 
33 mmu-miR-669a-3-3p 169 mmu-miR-590-3p 
50 mmu-miR-466f-5p 170 mmu-miR-574-5p 
52 mmu-miR-463-5p 172 mmu-miR-5626-5p 
54 mmu-miR-382-5p 175 mmu-miR-551b-5p 
59 mmu-miR-329-3p 176 mmu-miR-551b-3p 
60 mmu-miR-323-5p 178 mmu-miR-543-3p 
61 mmu-miR-322-3p 179 mmu-miR-542-5p 
64 mmu-miR-30e-5p 180 mmu-miR-5136 
68 mmu-miR-3076-3p 181 mmu-miR-5117-5p 
71 mmu-miR-3058-5p 184 mmu-miR-5100 
73 mmu-miR-2861 191 mmu-miR-453 
74 mmu-miR-219-1-3p 192 mmu-miR-452-5p 
79 mmu-miR-205-5p 194 mmu-miR-429-3p 
85 mmu-miR-1899 195 mmu-miR-423-5p 
87 mmu-miR-1896 196 mmu-miR-421-3p 
89 mmu-miR-155-3p 197 mmu-miR-379-3p 
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199 mmu-miR-367-3p 247 mmu-miR-217-3p 
200 mmu-miR-365-2-5p 248 mmu-miR-211-3p 
204 mmu-miR-342-5p 251 mmu-miR-200c-5p 
205 mmu-miR-340-3p 252 mmu-miR-19a-3p 
206 mmu-miR-33-3p 253 mmu-miR-196a-2-3p 
208 mmu-miR-31-5p 256 mmu-miR-1952 
209 mmu-miR-3110-3p 257 mmu-miR-194-1 -3p 
210 mmu-miR-3109-3p 258 mmu-miR-193b-5p 
213 mmu-miR-3100-5p 259 mmu-miR-1935 
216 mmu-miR-3094-3p 260 mmu-miR-1934-5p 
219 mmu-miR-3088-3p 262 mmu-miR-1902 
220 mmu-miR-3081-5p 265 mmu-miR-188-3p 
221 mmu-miR-3076-5p 266 mmu-miR-182-3p 
224 mmu-miR-3072-5p 268 mmu-miR-134-3p 
225 mmu-miR-3071-3p 271 mmu-miR-128-2-5p 
226 mmu-miR-3067-5p 272 mmu-miR-128-1-5p 
227 mmu-miR-3066-3p 273 mmu-miR-127-5p 
229 mmu-miR-3062-3p 274 mmu-miR-127-3p 
231 mmu-miR-3059-5p 277 mmu-miR-1197-5p 
236 mmu-miR-300-5p 280 mmu-miR-1191 
237 mmu-miR-29b-1-5p 282 mmu-miR-101 a-5p 
241 mmu-miR-293-5p 284 mmu-let-7g-3p 
242 mmu-miR-293-3p 289 mmu-miR-10b-5p 
243 mmu-miR-23a-5p 293 mmu-miR-221-3p 
245 mmu-miR-223-3p 295 mmu-miR-346-3p 

Table 3: miRNAs promotina cell death 

SEQ ID miRNA 321 mmu-miR-882 
NO.; 322 mmu-miR-466e-5p 
296 mmu-miR-9-5p 323 mmu-miR-466g 
297 mmu-miR-133a-3p 324 mmu-miR-466j 
298 mmu-miR-134-5p 325 mmu-miR-467g 
299 mmu-miR-135a-5p 326 mmu-miR-1906 
300 mmu-miR-137-3p 327 mmu-miR-1904 
301 mmu-miR-154-5p 328 mmu-miR-1943-5p 
302 mmu-miR-183-5p 329 mmu-miR-1962 
303 mmu-miR-185-5p 330 mmu-miR-1839-5p 
304 mmu-let-7d-3p 331 mmu-miR-3064-5p 
305 mmu-miR-29c-3p 332 mmu-miR-3068-3p 
306 mmu-miR-337-3p 333 mmu-miR-3073-3p 
307 mmu-miR-28-5p 334 mmu-miR-3091-5p 
308 mmu-miR-218-5p 335 mmu-miR-3098-5p 
309 mmu-miR-33-5p 336 mmu-miR-344c-5p 
310 mmu-miR-378-5p 337 mmu-miR-3102-3p 
311 mmu-miR-410-3p 338 mmu-miR-3104-5p 
312 mmu-miR-540-3p 339 mmu-miR-3112-3p 
313 mmu-miR-690 340 mmu-miR-192-3p 
314 mmu-miR-133a-5p 341 mmu-miR-103-1-5p 
315 mmu-miR-673-5p 342 mmu-miR-135a-2-3p 
316 mmu-miR-744-5p 343 mmu-miR-452-3p 
317 mmu-miR-183-3p 344 mmu-miR-669f-5p 
318 mmu-miR-29a-5p 345 mmu-miR-1948-5p 
319 mmu-miR-338-5p 346 mmu-miR-1964-5p 
320 mmu-miR-466a-5p 347 m m u-miR-3096b-3p 
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348 mmu-miR-3968 
349 mmu-miR-5101 
350 mmu-miR-5709 
351 mmu-miR-3070a-5p // 

mmu-miR-3070b-5p 
352 mmu-mSR-669m-5p // 

mmu-miR-466m-5p 
353 mmu-miR-706 
354 mmu-let-7i-5p 
355 mmu-miR-101 a-3p 
356 mmu-miR-125a-5p 
357 mmu-miR-152-3p 
358 mmu-miR-201-5p 
359 mmu-miR-202-3p 
360 mmu-miR-290-5p 
361 mmu-miR-34c-5p 
362 mmu-let-7b-5p 
363 mmu-miR-351-5p 
364 mmu-miR-135b-5p 
365 mmu-miR-181 c-5p 
366 mmu-miR-217-5p 
367 mmu-miR-380-3p 
368 mmu-miR-215-5p 
369 mmu-miR-448-3p 
370 mmu-miR-449a-5p 
371 mmu-miR-547-3p 
372 mmu-miR-494-3p 
373 mmu-miR-302c-5p 
374 mmu-miR-302c-3p 
375 mmu-miR-679-5p 
376 mmu-miR-683 
377 mmu-miR-686 
378 mmu-miR-146b-5p 
379 mmu-miR-467b-3p 
380 mmu-miR-455-5p 
381 mmu-miR-698 
382 mmu-miR-706 
383 mmu-miR-707 
384 mmu-miR-714 
385 mmu-miR-501-3p 
386 mmu-miR-450b-3p 
387 mmu-miR-505-3p 
388 mmu-miR-718 
389 mmu-miR-675-5p 
390 mmu-miR-374-3p 
391 mmu-miR-665-3p 
392 mmu-miR-758-3p 
393 mmu-miR-763 
394 mmu-miR-202-5p 
395 mmu-miR-15a-3p 
396 mmu-miR-20a-3p 
397 mmu-miR-31-3p 
398 mmu-miR-93-3p 
399 mmu-miR-337-5p 
400 mmu-miR-339-3p 
401 mmu-miR-345-3p 

402 mmu-miR-20b-3p 
403 mmu-miR-666-3p 
404 mmu-miR-743b-5p 
405 mmu-miR-883a-3p 
406 mmu-miR-876-3p 
407 mmu-miR-327 
408 mmu-miR-466b-3p // 

mmu-miR-466c-3p // 
mmu-miR-466p-3p 

409 mmu-miR-467c-5p 
410 mmu-miR-493-3p 
411 mmu-miR-509-5p 
412 mmu-miR-654-5p 
413 mmu-miR-449b 
414 mmu-miR-669k-3p 
415 mmu-miR-1186 
416 mmu-miR-1187 
417 mmu-miR-669h-5p 
418 mmu-miR-1195 
419 mmu-miR-1198-5p 
420 mmu-miR-1897-5p 
421 mmu-miR-1905 
422 mmu-miR-1907 
423 mmu-miR-1894-3p 
424 mmu-miR-1933-5p 
425 mmu-miR-1947-5p 
426 mmu-miR-1948-3p 
427 mmu-miR-1960 
428 mmu-miR-1946b 
429 mmu-miR-1970 
430 mmu-miR-1971 
431 mmu-miR-1982-5p 
432 mmu-miR-2139 
433 mmu-miR-1249-5p 
434 mmu-miR-3099-3p 
435 mmu-miR-3106-5p 
436 mmu-miR-3106-3p 
437 mmu-miR-3057-5p 
438 mmu-miR-3061-3p 
439 mmu-miR-3063-3p 
440 mmu-miR-3069-5p 
441 mmu-miR-3073-5p 
442 mmu-miR-3079-5p 
443 mmu-miR-3082-3p 
444 mmu-miR-3084-5p 
445 mmu-miR-466m-3p 
446 mmu-miR-466n-5p 
447 mmu-miR-466n-3p 
448 mmu-miR-3092-5p 
449 mmu-miR-3092-3p 
450 mmu-miR-3096-5p 
451 mmu-miR-3097-5p 
452 mmu-miR-3097-3p 
453 mmu-miR-3102-5p 
454 mmu-miR-3102-5p.2-5p 
455 mmu-miR-3108-5p 
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456 mmu-miR-3109-5p 490 mmu-miR-3473b 
457 mmu-miR-374c-5p 491 mmu-miR-3473c 
458 mmu-miR-1912-3p 492 mmu-miR-5109 
459 mmu-miR-3471 493 mmu-miR-5118 
460 mmu-miR-1186b 494 mmu-miR-5120 
461 mmu-miR-3474 495 mmu-miR-5121 
462 mmu-miR-137-5p 496 mmu-miR-3544-3p 
463 mmu-miR-146a-3p 497 mmu-miR-5615-3p 
464 mmu-miR-153-5p 498 mmu-miR-1231-3p 
465 mmu-miR-196a-1-3p 499 mmu-miR-5616-3p 
466 mmu-miR-1 a-2-5p 500 mmu-miR-5617-3p 
467 mmu-miR-25-5p 501 mmu-miR-3073b-5p 
468 mmu-miR-29b-2-5p 502 mmu-miR-5710 
469 mmu-miR-92a-1 -5p 503 mmu-miR-1929-3p 
470 mmu-miR-181 b-1 -3p 504 mmu-miR-669a-5p // 
471 mmu-miR-133b-5p mmu-miR-669p-5p 
472 mmu-miR-448-5p 505 mmu-miR-466b-5p // 
473 mmu-miR-471-3p mmu-miR-466o-5p 
474 mmu-miR-541-3p 506 mmu-miR-344e-5p // 
475 mmu-miR-367-5p mmu-miR-344h-5p 
476 mmu-miR-487b-5p 507 mmu-miR-96-5p 
477 mmu-miR-669c-3p 508 mmu-miR-200c-3p 
478 mmu-miR-499-3p 509 mmu-miR-216a-5p 
479 mmu-miR-701-3p 510 mmu-miR-761 
480 mmu-miR-181 d-3p 511 mmu-miR-18a-3p 
481 mmu-miR-466h-3p 512 mmu-miR-466k 
482 mmu-miR-493-5p 513 mmu-miR-467h 
483 mmu-miR-653-3p 514 mmu-miR-1955-5p 
484 mmu-miR-669e-3p 515 mmu-miR-3096-3p 
485 mmu-miR-1199-3p 605 mmu-let-7f-5p 
486 mmu-miR-1947-3p 607 mmu-miR-24-3p 
487 mmu-miR-1955-3p 608 mmu-miR-298-3p 
488 mmu-miR-664-5p 609 mmu-miR-7b-5p 
489 mmu-miR-3964 

The miRNAs of group 4 (table 4) were found to promote proliferation, whereas those 
miRNAs of group 5 (table 5) reduced cell division. Thus, expression of miRNAs of group 
4 and inhibition of miRNAs of group 5 is suitable for promoting proliferation, whereas 
expression of miRNAs of group 5 and inhibition of miRNAs of group 4 is suitable for 
inhibiting proliferation. Besides the cellular production of each single cell, the number of 
cells present in a culture determines the yield of biomolecule that can be harvested. 
Therefore, stimulating cell proliferation can be desired for increasing the size of the 
producing culture, in particular if slowly growing cells are used or when starting a cell 
culture. On the other hand, once a culture has reached an optimal cell density, inhibiting 
cell proliferation may be desired. For dividing, a cell needs to roughly duplicate almost 
all components including membrane, cell nucleus and further organelles. This 
consumes energy and protein translation capacity, which is then not provided for 
production of the biomolecule of interest. Therefore, inhibiting cell proliferation can be 
desired, in particular once an optimal culture size is reached. Of the miRNAs of group 4, 
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miRNAs of group 12 consisting of SEQ ID NO.: 5, 7, 22, 30, 35, 43, 68, 72, 78, 84, 96, 
146, 148, 160, 173, 177, 198, 202, 232, 234, 244, 267 and 283, had the most prominent 
effect on cell proliferation and of those miRNAs found to repress proliferation, the 
miRNAs of group 13 consisting of SEQ ID NO.: 517, 523, 526, 529, 531, 533, 537, 548, 
550, 558, 560, 561, 563, 566, 567, 571, 575, 577, 583, 591, 600, 601 and 604 were 
most effective. Accordingly, for promoting cell proliferation, the third region preferably 
encodes for a miRNA selected from group 12 and/or for a miRNA-inhibitor inhibiting a 
miRNA selected from group 13. For inhibiting cell proliferation, the third region 
preferably encodes for a miRNA of group 13 and/or for a miRNA-inhibitor inhibiting a 
miRNA of group 12. 

Table 4: miRNAs promoting proliferation 

SEQ ID miRNA 129 mmu-miR-3070a-3p 
NO.: 131 mmu-miR-224-3p 
5 mmu-miR-291b-3p 133 mmu-miR-1961 
7 mmu-miR-1 a-3p 135 mmu-miR-1931 
68 mmu-miR-3076-3p 139 mmu-miR-148a-5p 
79 mmu-miR-205-5p 140 mmu-miR-130b-5p 
94 mmu-miR-136-3p 144 mmu-miR-125b-5p 
10 mmu-miR-694 146 mmu-miR-27a-3p 
11 mmu-miR-674-3p 148 mmu-miR-99a-5p 
12 mmu-miR-669d-3p 149 mmu-miR-99a-3p 
13 mmu-miR-301b-5p 150 mmu-miR-93-5p 
14 mmu-miR-212-5p 160 mmu-miR-712-5p 
15 mmu-miR-203-5p 162 mmu-miR-709 
16 mmu-miR-200b-5p 164 mmu-miR-676-3p 
17 mmu-miR-200a-3p 173 mmu-miR-5622-5p 
18 mmu-miR-1968-5p 177 mmu-miR-544-5p 
19 mmu-miR-150-3p 187 mmu-miR-491-3p 
22 mmu-miR-880-5p 189 mmu-miR-488-3p 
23 mmu-miR-878-5p 193 mmu-miR-431-5p 
30 mmu-miR-684 198 mmu-miR-376b-5p 
35 mmu-miR-582-5p 202 mmu-miR-3470a 
36 mmu-miR-582-3p 215 mmu-miR-3095-5p 
38 mmu-miR-540-5p 218 mmu-miR-3089-5p 
43 mmu-miR-5122 232 mmu-miR-302b-3p 
65 mmu-miR-3096b-5p 234 mmu-miR-302a-3p 
72 mmu-miR-294-3p 235 mmu-miR-301a-5p 
78 mmu-miR-206-3p 244 mmu-miR-224-5p 
84 mmu-miR-1930-3p 246 mmu-miR-219-5p 
96 mmu-miR-1190 249 mmu-miR-208b-5p 
105 mmu-miR-669i-3p 250 mmu-miR-208a-3p 
107 mmu-miR-539-3p 261 mmu-miR-1933-3p 
108 mmu-miR-5123 263 mmu-miR-18a-5p 
119 mmu-miR-381-3p 264 mmu-miR-1894-5p 
122 mmu-miR-370-5p 267 mmu-miR-148a-3p 
123 mmu-miR-363-3p 270 mmu-miR-132-3p 
124 mmu-miR-350-3p 275 mmu-miR-1251-3p 
125 mmu-miR-344h-3p 281 mmu-miR-103-2-5p 
126 mmu-miR-330-3p 283 mmu-miR-100-3p 
127 mmu-miR-3110-5p 287 mmu-miR-107-5p 
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288 mmu-miR-10a-3p 
291 mmu-miR-191-5p 

Table 5: miRNAs reducing cell division 

SEQ ID miRNA 
NO.: 
516 mmu-miR-9-3p 
517 mmu-miR-136-5p 
518 mmu-miR-155-5p 
519 mmu-miR-193-3p 
520 mmu-miR-204-5p 
521 mmu-miR-143-3p 
522 mmu-let-7c-5p 
523 mmu-let-7e-5p 
524 mmu-miR-29a-3p 
525 mmu-miR-34a-5p 
526 mmu-miR-320-3p 
527 mmu-miR-379-5p 
528 mmu-miR-196b-5p 
529 mmu-miR-484 
530 mmu-miR-546 
531 mmu-miR-488-5p 
532 mmu-miR-696 
533 mmu-miR-720 
534 mmu-miR-697 
535 mmu-miR-713 
536 mmu-miR-501-5p 
537 mmu-miR-666-5p 
538 mmu-miR-764-5p 
539 mmu-miR-804 
540 mmu-miR-145-3p 
541 mmu-miR-294-5p 
542 mmu-miR-299-3p 
543 mmu-miR-302a-5p 
544 mmu-miR-330-5p 
545 mmu-miR-340-5p 
546 mmu-miR-139-3p 
547 mmu-miR-362-3p 
548 mmu-miR-409-5p 
549 mmu-miR-671-3p 
550 mmu-miR-881-3p 
551 mmu-miR-297c-5p 
552 mmu-miR-466h-5p 
553 mmu-miR-467d-5p 
554 mmu-miR-568 
555 mmu-miR-872-3p 
556 mmu-miR-669d-5p 
557 mmu-miR-669e-5p 
558 mmu-miR-1197-3p 
559 mmu-miR-1941-5p 
560 mmu-miR-1953 

561 mmu-miR-1963 
562 mmu-miR-1966 
563 mmu-miR-1249-3p 
564 mmu-miR-3058-3p 
565 mmu-miR-344d-1 -5p 
566 mmu-miR-3060-3p 
567 mmu-miR-3061-5p 
568 mmu-miR-3065-5p 
569 mmu-miR-3074-5p 
570 mmu-miR-669d-2-3p 
571 mmu-miR-3093-3p 
572 mmu-miR-3100-3p 
573 mmu-miR-344g-5p 
574 mmu-miR-3102-3p.2-3p 
575 mmu-miR-3104-3p 
576 mmu-miR-3107-3p 
577 mmu-miR-3112-5p 
578 mmu-miR-130a-5p 
579 mmu-miR-132-5p 
580 mmu-miR-187-5p 
581 mmu-let-7a-2-3p 
582 mmu-miR-351-3p 
583 mmu-miR-215-3p 
584 mmu-miR-412-5p 
585 mmu-miR-592-3p 
586 mmu-miR-760-5p 
587 mmu-miR-497-3p 
588 mmu-miR-700-5p 
589 mmu-miR-871-3p 
590 mmu-miR-874-5p 
591 mmu-miR-504-3p 
592 mmu-miR-669k-5p 
593 mmu-miR-466i-5p 
594 mmu-miR-1193-5p 
595 mmu-miR-5098 
596 mmu-miR-5106 
597 mmu-miR-5114 
598 mmu-miR-5134 
599 mmu-miR-1231-5p 
600 mmu-miR-5617-5p 
601 mmu-miR-5621-5p 
602 mmu-miR-5621-3p 
603 mmu-miR-5623-5p 
604 mmu-miR-3073b-3p 
606 mmu-miR-24-2-5p 
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Table i: miRNAs promoting apoptosis 

SEQ ID miRNA 331 
NO.: 332 
296 mmu-miR-9-5p 333 
297 mmu-miR-133a-3p 334 
298 mmu-miR-134-5p 335 
299 mmu-miR-135a-5p 336 
300 mmu-miR-137-3p 337 
301 mmu-miR-154-5p 338 
302 mmu-miR-183-5p 339 
303 mmu-miR-185-5p 340 
304 mmu-let-7d-3p 341 
305 mmu-miR-29c-3p 342 
306 mmu-miR-337-3p 343 
307 mmu-miR-28-5p 344 
308 mmu-miR-218-5p 345 
309 mmu-miR-33-5p 346 
310 mmu-miR-378-5p 347 
311 mmu-miR-410-3p 348 
312 mmu-miR-540-3p 349 
313 mmu-miR-690 350 
314 mmu-miR-133a-5p 351 
315 mmu-miR-673-5p 
316 mmu-miR-744-5p 352 
317 mmu-miR-183-3p 
318 mmu-miR-29a-5p 507 
319 mmu-miR-338-5p 508 
320 mmu-miR-466a-5p 509 
321 mmu-miR-882 510 
322 mmu-miR-466e-5p 511 
323 mmu-miR-466g 512 
324 mmu-miR-466j 513 
325 mmu-miR-467g 514 
326 mmu-miR-1906 515 
327 mmu-miR-1904 605 
328 mmu-miR-1943-5p 608 
329 mmu-miR-1962 
330 mmu-miR-1839-5p 

Table 7: miRNAs promoting necrosis 

SEQ ID miRNA 306 
NO.: 307 
296 mmu-miR-9-5p 308 
297 mmu-miR-133a-3p 309 
298 mmu-miR-134-5p 310 
299 mmu-miR-135a-5p 311 
300 mmu-miR-137-3p 312 
301 mmu-miR-154-5p 313 
302 mmu-miR-183-5p 314 
303 mmu-miR-185-5p 315 
304 mmu-let-7d-3p 316 
305 mmu-miR-29c-3p 317 
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mmu-miR-3064-5p 
mmu-miR-3068-3p 
mmu-miR-3073-3p 
mmu-miR-3091-5p 
mmu-miR-3098-5p 
mmu-miR-344c-5p 
mmu-miR-3102-3p 
mmu-miR-3104-5p 
mmu-miR-3112-3p 
mmu-miR-192-3p 
mmu-miR-103-1 -5p 
mmu-miR-135a-2-3p 
mmu-miR-452-3p 
mmu-miR-669f-5p 
mmu-miR-1948-5p 
mmu-miR-1964-5p 
mmu-miR-3096b-3p 
mmu-miR-3968 
mmu-miR-5101 
mmu-miR-5709 
mmu-miR-3070a-5p // 
mmu-miR-3070b-5p 
mmu-miR-669m-5p // 
mmu-miR-466m-5p 
mmu-miR-96-5p 
mmu-miR-200c-3p 
mmu-miR-216a-5p 
mmu-miR-761 
mmu-miR-18a-3p 
mmu-miR-466k 
mmu-miR-467h 
mmu-miR-1955-5p 
mmu-miR-3096-3p 
mmu-let-7f-5p 
mmu-miR-298-3p 

mmu-miR-337-3p 
mmu-miR-28-5p 
mmu-miR-218-5p 
mmu-miR-33-5p 
mmu-miR-378-5p 
mmu-miR-410-3p 
mmu-miR-540-3p 
mmu-miR-690 
mmu-miR-133a-5p 
mmu-miR-673-5p 
mmu-miR-744-5p 
mmu-miR-183-3p 
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318 mmu-miR-29a-5p 372 mmu-rniR-494-3p 
319 mmu-miR-338-5p 373 mmu-miR-302c-5p 
320 mmu-miR-466a-5p 374 mmu-miR-302c-3p 
321 mmu-miR-882 375 mmu-miR-679-5p 
322 mmu-miR-466e-5p 376 mmu-miR-683 
323 mmu-miR-466g 377 mmu-miR-686 
324 mmu-miR-466j 378 mmu-miR-146 b-5p 
325 mmu-miR-467g 379 mmu-miR-467b-3p 
326 mmu-miR-1906 380 mmu-miR-455-5p 
327 mmu-miR-1904 381 mmu-miR-698 
328 mmu-miR-1943-5p 382 mmu-miR-706 
329 mmu-miR-1962 383 mmu-miR-707 
330 mmu-miR-1839-5p 384 mmu-miR-714 
331 mmu-miR-3064-5p 385 mmu-miR-501-3p 
332 mmu-miR-3068-3p 386 mmu-miR-450b-3p 
333 mmu-miR-3073-3p 387 mmu-miR-505-3p 
334 mmu-miR-3091-5p 388 mmu-miR-718 
335 mmu-miR-3098-5p 389 mmu-miR-675-5p 
336 mmu-miR-344c-5p 390 mmu-miR-374-3p 
337 mmu-miR-3102-3p 391 mmu-miR-665-3p 
338 mmu-miR-3104-5p 392 mmu-miR-758-3p 
339 mmu-miR-3112-3p 393 mmu-miR-763 
340 mmu-miR-192-3p 394 mmu-miR-202-5p 
341 mmu-miR-103-1-5p 395 mmu-miR-15a-3p 
342 mmu-miR-135a-2-3p 396 mmu-miR-20a-3p 
343 mmu-miR-452-3p 397 mmu-miR-31-3p 
344 mmu-miR-669f-5p 398 mmu-miR-93-3p 
345 mmu-miR-1948-5p 399 mmu-miR-337-5p 
346 mmu-miR-1964-5p 400 mmu-miR-339-3p 
347 mmu-miR-3096b-3p 401 mmu-miR-345-3p 
348 mmu-miR-3968 402 mmu-miR-20b-3p 
349 mmu-miR-5101 403 mmu-miR-666-3p 
350 mmu-miR-5709 404 mmu-miR-743b-5p 
351 mmu-miR-3070a-5p // 405 mmu-miR-883a-3p 

mmu-miR-3070b-5p 406 mmu-miR-876-3p 
352 mmu-miR-669m-5p // 407 mmu-miR-327 

mmu-miR-466m-5p 408 mmu-miR-466b-3p // 
353 mmu-miR-706 mmu-miR-466c-3p II 
354 mmu-let-7i-5p mmu-miR-466p-3p 
355 mmu-miR-101 a-3p 409 mmu-miR-467c-5p 
356 mmu-miR-125a-5p 410 mmu-miR-493-3p 
357 mmu-miR-152-3p 411 mmu-miR-509-5p 
358 mmu-miR-201-5p 412 mmu-miR-654-5p 
359 mmu-miR-202-3p 413 mmu-miR-449b 
360 mmu-miR-290-5p 414 mmu-miR-669k-3p 
361 mmu-miR-34c-5p 415 mmu-miR-1186 
362 mmu-iet-7b-5p 416 mmu-miR-1187 
363 mmu-miR-351-5p 417 mmu-miR-669h-5p 
364 mmu-miR-135b-5p 418 mmu-miR-1195 
365 mmu-miR-181 c-5p 419 mmu-miR-1198-5p 
366 mmu-miR-217-5p 420 mmu-miR-1897-5p 
367 mmu-miR-380-3p 421 mmu-miR-1905 
368 mmu-miR-215-5p 422 mmu-miR-1907 
369 mmu-miR-448-3p 423 mmu-miR-1894-3p 
370 mmu-miR-449a-5p 424 mmu-miR-1933-5p 
371 mmu-miR-547-3p 425 mmu-miR-1947-5p 
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426 mmu-miR-1948-3p 470 mmu-miR-181 b-1 -3p 
427 mmu-miR-1960 471 mmu-miR-133b-5p 
428 mmu-miR-1946b 472 mmu-miR-448-5p 
429 mmu-miR-1970 473 mmu-miR-471-3p 
430 mmu-miR-1971 474 mmu-miR-541-3p 
431 mmu-miR-1982-5p 475 mmu-miR-367-5p 
432 mmu-miR-2139 476 mmu-miR-487b-5p 
433 mmu-miR-1249-5p 477 mmu-miR-669c-3p 
434 mmu-miR-3099-3p 478 mmu-miR-499-3p 
435 mmu-miR-3106-5p 479 mmu-miR-701-3p 
436 mmu-miR-3106-3p 480 mmu-miR-181d-3p 
437 mmu-miR-3057-5p 481 mmu-miR-466h-3p 
438 mmu-miR-3061-3p 482 mmu-miR-493-5p 
439 mmu-miR-3063-3p 483 mmu-miR-653-3p 
440 mmu-miR-3069-5p 484 mmu-miR-669e-3p 
441 mmu-miR-3073-5p 485 mmu-miR-1199-3p 
442 mmu-miR-3079-5p 486 mmu-miR-1947-3p 
443 mmu-miR-3082-3p 487 mmu-miR-1955-3p 
444 mmu-miR-3084-5p 488 mmu-miR-664-5p 
445 mmu-miR-466m-3p 489 mmu-miR-3964 
446 mmu-miR-466n-5p 490 mmu-miR-3473b 
447 mmu-miR-466n-3p 491 mmu-miR-3473c 
448 mmu-miR-3092-5p 492 mmu-miR-5109 
449 mmu-miR-3092-3p 493 mmu-miR-5118 
450 mmu-miR-3096-5p 494 mmu-miR-5120 
451 mmu-miR-3097-5p 495 mmu-miR-5121 
452 mmu-miR-3097-3p 496 mmu-miR-3544-3p 
453 mmu-miR-3102-5p 497 mmu-miR-5615-3p 
454 mmu-miR-3102-5p.2-5p 498 mmu-miR-1231-3p 
455 mmu-miR-3108-5p 499 mmu-miR-5616-3p 
456 mmu-miR-3109-5p 500 mmu-miR-5617-3p 
457 mmu-miR-374c-5p 501 mmu-miR-3073b-5p 
458 mmu-miR-1912-3p 502 mmu-miR-5710 
459 mmu-miR-3471 503 mmu-miR-1929-3p 
460 mmu-miR-1186b 504 mmu-miR-669a-5p // 
461 mmu-miR-3474 mmu-miR-669p-5p 
462 mmu-miR-137-5p 505 mmu-miR-466b-5p // 
463 mmu-miR-146a-3p mmu-miR-466o-5p 
464 mmu-miR-153-5p 506 mmu-miR-344e-5p // 
465 mmu-miR-196a-1 -3p mmu-miR-344h-5p 
466 mmu-miR-1 a-2-5p 607 mmu-miR-24-3p 
467 mmu-miR-25-5p 609 mmu-miR-7b-5p 
468 mmu-miR-29b-2-5p 
469 mmu-miR-92a-1-5p 

The production efficiency and the total output of biomolecules that can be harvested 
from a cell culture depends on several cellular processes, of which the most important 
are protein cellular production of the biomolecule (translation/secretion), cell survival 
and cell proliferation, regulation of which is even interrelated. By introducing at least two 
miRNAs and/or miRNA-inhibitors that influence different cellular processes, a multitude 
of cellular pathways can be optimized resulting in an increased yield of the biomolecule 
of interest. Each of the miRNA and miRNA-inhibitors influences a variety of target genes 
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of several interrelated cellular pathways, thereby influencing the composition of proteins 
within the cell. In contrast to the overexpression of one or several enzymes for 
enhancing protein synthesis, shifting the balance within the cells' endogenous protein 
pool does not withdraw energy from the production of the desired biomolecule. 
Expressing a miRNA actually reduces translation, thus, releasing energy and protein 
translation capacity for production of the biomolecule. Moreover, the limiting factor of 
productivity may differ depending on the biomolecule produced, or may even change 
during cultivation depending on the culture conditions. By influencing the composition of 
a large variety of proteins by controlling miRNAs, it is possible to regulate entire 
pathways. Thereby, it is possible to overcome various limitations, which could not be 
addressed by overexpressing a single synthesis enzyme or inhibiting or knocking out a 
single protein degrading enzyme. 

The term "biomolecule" as used herein refers to any compound suitable to be produced 
by a cell and harvested therefrom. Preferably, the biomolecule is a biopharmaceutical, 
i.e. a pharmaceutical including therapeutics, prophylactics and diagnostics, which is 
inherently biological in nature and manufactured using biotechnology. 
Biopharmaceuticals include inter alia antibodies, enzymes, hormones, vaccines but also 
viruses, e.g. oncolytic viruses and viruses used for gene therapy. Thus, the 
biopharmaceutical is preferably a recombinant molecule, more preferred a recombinant 
protein or a recombinant virus. 

The term "miRNA-inhibitor" as used herein refers to any compound suitable to 
specifically reduce the amount of a given miRNA within a cell. miRNA-inhibitors include 
for example nucleic acid molecules that specifically bind to the miRNA of interest 
thereby preventing its binding to the target mRNA. Such inhibitors include antagomirs, 
miRNA sponge and miRNA decoy. Antagomirs are small oligonucleotides that are 
perfectly complementary to the targeted miRNA, whereas miRNA sponge and RNA 
decoy are nucleic acid molecules comprising multiple tandem binding sites to the 
miRNA of interest. Due to the multiple binding sites, the molecules act as strong 
competitive inhibitors of the miRNA (Ebert and Sharp, 2010). Accordingly, the miRNA-
inhibitor is preferably selected from the group consisting of antagomir, miRNA sponge 
and miRNA decoy. Alternatively, the miRNAs inhibitors may target a regulatory element 
of the miRNA of interest, e.g. its promoter or enhancer. 

In a preferred embodiment, the nucleic acid construct comprises three different regions. 
By comprising at least one miRNA and/or miRNA-inhibitor influencing each of cellular 
production, cell death and cell proliferation, the cell's efficiency in producing the 
biomolecule can be optimized. 

In a preferred embodiment, at least one region, preferably each region, encodes for at 
least two, three, four or five different miRNAs and/or miRNA-inhibitors. Any region may 
encode for more than one miRNA or miRNA-inhibitor. For example, several miRNAs 
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belonging to the same family and thus targeting related mRNAs, may be comprised. 
Thereby, it is possible to strengthen the regulation of one particular pathway as e.g. 
observed by a combined introduction of several members of the miR-30 family. 
Alternatively, a variety of miRNAs targeting different pathways may be used to produce 
a more wide spread effect. Cell processes as proliferation, protein synthesis and cell 
death are usually regulated by more than one signalling pathway, of which many are 
interrelated. Thus, targeting several pathways is particularly advantageous in cases in 
which it is not known which cellular pathways present the limiting factor for biomolecule 
production. Due to the rather small size of miRNAs, the nucleic acid constructs of the 
invention may encode for 20 miRNAs and/or miRNA-inhibitors, or even more. The term 
"region" as used herein refers to sections along the nucleic acid construct comprising a 
part that is transcribed into a miRNA or a miRNA-inhibitor as e.g. an antagomir or a 
miRNA decoy. The region may further comprise regulatory elements to control the 
transcription of the miRNA or miRNA-inhibitor, such as promoters, operators (e.g. 
enhancers, repressors and insulators), 3'UTR regulatory elements (e.g. siRNA binding 
sites, miRNA binding sites) or splicing signals. 

In a preferred embodiment, the at least two different regions are controlled by different 
promoters. This is to say that each region comprises its own regulatory elements, such 
that the transcription of the miRNA and/or miRNA-inhibitor comprised in said region can 
be regulated independently of the miRNAs and/or miRNA-inhibitors contained in other 
regions of the construct. This is advantageous if cell proliferation and cellular production 
should be regulated at different time points during cell culture. When inducing the 
culture, cell proliferation can be promoted whereas once an optimal cell density is 
reached, cellular productivity may be enhanced. Regulation of cell death could be 
specifically induced depending on the state of the culture. Moreover, using independent 
regulatory elements allows providing the miRNAs and miRNA-inhibitors for different 
cellular processes at various amounts. For example, miRNAs stimulating cellular 
production may be set under a strong promoter, whereas those miRNAs or miRNA-
inhibitors influencing cell death may be regulated by a weaker promoter. 

In a preferred embodiment, the at least two different regions are controlled by one 
common promoter. This allows a fast and easy preparation of the nucleic acid construct 
and is preferably applied in cases in which a rather simple regulation already results in 
satisfying yields of the biomolecule. 

In a preferred embodiment, at least one promoter is inducible or inhibitable. 
Inducible/lnhibitable promoters are characterized in that their activity depends on 
external circumstances, such as temperature, light, oxygen or the presence of chemical 
compounds. Using inducible or inhibitable promoters, it is possible to exactly determine 
the time point during the cell culture when transcription of one or all regions of the 
construct is initiated and/or terminated. Inducible regulatory elements include for 
example the tetracycline/doxycycline "Tet-On"-system, inhibitable regulatory elements 
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include for example the Tet-Off'-system or regulated optogenetic gene expression 
systems, temperature controlled promotors and TrsR-based systems (quorum sensing 
based). 

In a preferred embodiment, the nucleic acid construct is an expression vector, an 
episomal vector or a viral vector. For expressing a miRNA and/or a miRNA-inhibitor 
within a cell, the nucleic acid construct needs to be introduced into the cell. This is 
possible by different means, for example by transfection, i.e. non-viral methods for 
transferring a nucleic acid molecule into eukaryotic cells. For such applications, the 
nucleic acid construct is preferably provided as an expression vector or an episomal 
vector. Alternatively, the nucleic acid construct can be introduced into a cell by 
transduction, i.e. by a virus-mediated transfer of the nucleic acid into the cell. For such 
applications, the nucleic acid construct is preferably provided as a viral vector. 

In a further aspect, the invention relates to a cell comprising a nucleic acid construct of 
the invention. Such cells are suitable for producing a biomolecule, wherein the efficiency 
of production and the overall yield is optimized by regulating at least two miRNAs 
involved in different cellular processes. Such cells are preferably used in 
biopharmaceutical manufacturing. 

In a preferred embodiment, the construct is integrated into the cell's genome. By 
introducing a construct according to the invention into the cell's endogenous genome, a 
stable cell line for biopharmaceutical manufacturing can be provided. Such cell lines 
produce biomolecules at constant and reliable amounts and are, thus, particularly 
preferred for large scale productions, which are usually operated to provide established 
and highly demanded biopharmaceuticals. Moreover, by integrating the nucleic acid 
construct into the genome, the probability of loosing the construct during continuous cell 
proliferation is reduced and the nucleic acid construct is present throughout the entire 
culture's lifetime. Accordingly, the cell is preferably a stable cell line cell. 

In a preferred embodiment, the construct is introduced into the cell by transfection. 
Transient transfection is an easy and fast way to provide a given cell with new 
properties. It is neither labour nor cost intensive and does not need extensive selection 
processes. Introducing the nucleic acid construct by transfection is particularly preferred 
where biomolecules need to be produced on short term notice or only small amounts of 
the biomolecule are needed, such that the labour-intensive establishment of a stable 
cell line would be inefficient. 

In a preferred embodiment, a region of the cell's genome encoding for at least one 
miRNA selected from group 1, 2, 4 and/or 5 is amplified, and/or a region of the cell's 
genome encoding for at least one miRNA selected from group 3, 4 and/or 5 is deleted 
or silenced. Besides introducing a nucleic acid construct of the invention into a cell, a 
miRNA may be provided or inhibited by altering the cells endogenous expression of the 
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miRNA. For increasing the level of a specific miRNA, the region of the cells genome 
encoding for this miRNA may be amplified. Likewise, the region encoding for an 
endogenous miRNA may be deleted such that the miRNA is no longer present in the 
cell. Instead of deleting the gene encoding for the miRNA, the levels of miRNA within 
the cell may be reduced by silencing, e.g. using competitive inhibitors. 

In a preferred embodiment, the cell is a mammalian cell. Mammalian cells are 
particularly preferred for producing biomolecules of complex structures, as for example 
proteins comprising sophisticated post-translational modifications. Mammalian cells 
endogenously comprise the synthesis pathways necessary for generating, folding and 
modifying complex proteins. A variety of cellular systems derived from different origins 
as e.g. from hamster, mouse, duck or human are available. Due to the pronounced 
sequence homology of many genes between different mammalian species, the miRNA, 
although identified using Chinese hamster ovary (CHO) cells, are suitable to influence 
cellular parameters determining protein expression, folding, secretion and product 
quality in cells of other species, in particular other mammalian cells. For example, 
miRNAs found to have apoptosis promoting effects in CHO cells, were also suitable to 
induce apoptosis in human tumor and preadipocyte cell lines (Figure 10). 

In a preferred embodiment, the mammalian cell is a Chinese hamster ovary cell (CHO), 
preferably a CHO-K1 cell, a CHO DG44 cell, a CHO DUKX B11 cell, a CHO dhfr cell or 
a CHO-S cell. 

In a preferred embodiment, the cell is a human cell, preferably a kidney cell, a liver cell, 
an embryonic retina cell, an amniocytic cell or a mesenchymal stem cell. Cellular 
production systems derived from human cells are preferred for the production of 
biomolecules of human origin, in particular if these are intended to be used in human 
medicine. Marginal alternations of the biomolecules due to incorrect folding of 
modification may cause the protein to be less active or even to show adverse effects. 
Moreover, miRNAs identified using CHO cells were found to have similar effects in 
human cells. 

In a preferred embodiment, the cell is an insect ceil, preferably a Sf9, Sf21, TriEX™ or a 
Hi5 cell. Such cell systems are particularly preferred for the production of molecules, 
e.g. proteins, which originate from other systems, in which they exert essential 
functions. Expressing such proteins in their natural cellular environment would disturb 
the cellular processes of the producing cell or even result in cell death. This would 
significantly impair the production efficiency of the biomolecule, strongly limiting the 
yield that can be achieved. For example, certain human receptor molecules with 
significant influence on cellular pathways can be produced in high yields from insect 
cells, as they do not exert any biological effect in these cells. 
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In a further aspect, the invention relates to a method for increasing the yield of a 
biomolecule produced by a cell cultured in vitro comprising at least two steps selected 
of stimulating cellular production of the biomolecule by increasing the level of at least 
one miRNA selected from group 1 in the cell, reducing cell death by increasing the level 
of at least one miRNA selected from group 2 in the cell and/or decreasing the level of at 
least one miRNA selected from group 3, and regulating proliferation of the cell by 
increasing the level of at least one miRNA selected from group 4 or 5 in the cell and/or 
decreasing the level of at least one miRNA selected from group 4 or 5. The term "yield 
of a biomolecule" as used herein refers to the volumetric productivity of an entire 
culture, i.e. the total amount of a biomolecule of interest that can be harvested from a 
culture. For producing the biomolecule, a cell culture is established, preferably from a 
stable cell line that is adapted to produce the biomolecule of interest. In case the 
biomolecule is a protein, this may be achieved by introducing one or multiple copies of a 
gene encoding for the desired protein. By using the described method, at least two 
cellular processes of cellular production, proliferation and cell survival are influenced via 
regulating the level of specific miRNAs. By balancing cellular production capacity, cell 
proliferation and cell survival, it is possible to increase the output of biomolecule without 
loading the cell with additional translational burden that would increase the cell cultures 
consumption of energy and nutrients. 

In a preferred embodiment, the level of at least one miRNA is increased by 
overexpressing the miRNA in the cell, by electroporating the cell in the presence of the 
miRNA or by adding the miRNA and a transfectant to a medium, in which the cell is 
cultured. Alternatively, the miRNA and the transfectant may be added to a buffer into 
which the cells are transferred for transfection. For increasing the level of a miRNA 
within a cell two distinct approaches are available. A nucleic acid molecule encoding for 
the miRNA may be introduced into a cell such that the cellular transcription machinery 
expresses the miRNA from the construct. This may be achieved by use of an 
expression vector or a viral vector that is maintained in the cell as an individual 
episomal molecule or integrates into the cell's genome, or by use of a stable cell line. 
Alternatively, the level of a miRNA within a cell may be increased by providing the 
miRNA as a RNA molecule, e.g. as a pri- or pre-miRNA, a mature miRNA or a miRNA 
mimic. For example, the RNA molecules are added to the culture together with a 
transfectant, i.e. lipofectamine (Invitrogen), which contains lipid subunits that form 
liposomes encapsulating the nucleic acid or miRNA. The liposomes then fuse with the 
membrane of the cell, such that the nucleic acid becomes introduced into the 
cytoplasm. 

In a preferred embodiment, the level of at least one miRNA is decreased by deleting the 
region of the cell's genome encoding for the miRNA or regulating its transcription by 
expressing a miRNA-inhibitor in a cell directed against the miRNA, by electroporating 
the cell in the presence of the miRNA-inhibitor or by adding a miRNA-inhibitor and a 
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transfectant to a medium, in which the cell is cultured. Alternatively, the miRNA-inhibitor 
and the transfectant may be added to a buffer into which the cells are transferred for 
transfection. Reduction of the level of a miRNA may be achieved by various 
approaches. For example, the endogenous gene encoding for the miRNA may be 
deleted from the cell's genome. This is preferred when the biomolecule should be 
produced by a stable cell line. However, this approach may be irreversible in some 
cases. Alternatively, the endogenous gene encoding for the miRNA may be put under 
an inducible regulatory element, such that transcription of the miRNA may be 
determinably activated or inactivated. Besides that, an endogenous miRNA may be also 
inhibited by providing a competitive inhibitor, e.g. an antagomir or RNA sponge. These 
may be expressed within the cell upon transfection or may be added as a RNA 
molecule to the culture together with a transfectant. Instead of a single approach, a 
combination of different approaches may also be applied. 

In a preferred embodiment, cell death is reduced by reducing apoptosis by increasing 
the level of at least one miRNA selected from group 2 in the cell and/or decreasing the 
level of at least one miRNA selected from group 6. Two major types of cell death are 
known, which differ distinctly from each other. Apoptosis, also called programmed cell 
death, involves a distinct sequence of cellular transformations which is usually initiated 
as a result from failing cellular processes. Necrosis, in contrast, describes a rather 
traumatic dissolving of the cell usually initiated by external impacts, e.g. cellular 
damage. According to cell type and culture conditions one type of cell death may be 
more prominent than the other. Interestingly, the inventors found several miRNAs 
involved in regulating both apoptosis and necrosis. Moreover, with respect to apoptosis, 
inhibiting as well as promoting miRNAs were identified (groups 2 and 6, respectively). In 
contrast, regarding necrosis, exclusively promoting miRNAs were found (group 7). 
Depending on the specific cell culture and on the culture conditions, apoptosis or 
necrosis may be more prevalent during biomolecule production. Accordingly, in a 
preferred embodiment, cell death is reduced by attenuating necrosis by decreasing the 
level of at least one miRNA selected from group 7. 

In a further aspect, the invention relates to a method for producing a biomolecule in a 
cell comprising the steps of propagating the cell in a cell culture, increasing the level of 
at least one miRNA selected from the group consisting of SEQ ID NO.: 1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, and 20, and isolating the biomolecule from 
the cell culture. When revealing miRNAs specifically regulating distinct cellular 
processes such as cellular production, proliferation and cell survival, the inventors 
further found certain miRNAs, which influence more than one of these processes. miR-
99b-3p (SEQ ID NO.: 1) not only increases the cellular production of a biomolecule, but 
also shows an anti-apoptotic effect. Similar combined effects were observed for miR-
767 (SEQ ID NO.: 2), miR-30a-5p (SEQ ID NO.: 3), miR-3062-5p (SEQ ID NO.: 4), miR-
200a-5p (SEQ ID NO.: 6), miR-135a-1-3p (SEQ ID NO.: 8), miR-743a-5p (SEQ ID NO.: 
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9) and miR-30d-5p (SEQ ID NO.: 20). miR-291b-3p (SEQ ID NO.: 5) and miR-1a-3p 
(SEQ ID NO.: 7) were found to promote both cell survival and cell proliferation resulting 
in an overall increased yield of the produced biomolecule. Additionally, miR-694 (SEQ 
ID NO.: 10), miR-674-3p (SEQ ID NO.: 11), miR-669d-3p (SEQ ID NO.: 12); miR-301b-
5p (SEQ ID NO.: 13), miR-212-5p (SEQ ID NO.: 14), miR-203-5p (SEQ ID NO.: 15), 
miR-200b-5p (SEQ ID NO.: 16), miR-200a-3p (SEQ ID NO.: 17), miR-1968-5p (SEQ ID 
NO.: 18) and miR-150-3p (SEQ ID NO.: 19) were found to influence both, proliferation 
and cellular productivity. Increasing one or more of these miRNAs provides an easy and 
efficient approach for optimizing the production of a biomolecule. For introducing the 
miRNAs into the cell any of the methods mentioned herein or combinations thereof may 
be used. 

In a further aspect, the invention relates to the use of a combination of at least one 
miRNA selected from group 1, at least one miRNA selected from group 2 and/or at least 
one miRNA-inhibitor inhibiting a miRNA selected from group 3, and at least one miRNA 
selected from group 4 or 5 and/or at least one miRNA-inhibitor inhibiting a miRNA 
selected from group 4 or 5, in producing a biomolecule in a cell. A combination of a 
miRNA promoting cellular production, a miRNA or miRNA-inhibitor suppressing cell 
death and/or a miRNA or miRNA-inhibitor regulating cell proliferation may be provided 
in various forms. For example, the miRNAs/inhibitors may be provided as a single 
nucleic acid construct. Alternatively, a multitude of nucleic acid molecules each 
encoding for a subset of miRNAs may be provided e.g. one expression vector encoding 
for at least one miRNA of group 1, a second expression vector encoding for a miRNA of 
group 2 and a third expression vector encoding for a miRNA-inhibitor directed against a 
miRNA of group 5. Likewise, the miRNAs and miRNA-inhibitors may be provided as a 
compilation of several pri- or pre-miRNA molecules or miRNA mimics. Thus, the 
miRNAs may be provided as a kit comprising the diverse miRNAs and/or inhibitors in a 
single composition or separately. 

In a further aspect, the invention relates to a nucleic acid construct comprising a region 
encoding for at least one miRNA selected from the group consisting of SEQ ID NO.: 1 -
295 and/or a region encoding for at least one inhibitor directed against at least one 
miRNA selected from the group consisting of SEQ ID NO.: 296 - 609. All of the miRNAs 
of SEQ ID NO.: 1 - 295 were found to promote total biomolecule production, such that 
an increased amount of biomolecule could be harvested form cultures overexpressing 
any of these miRNAs. For most miRNAs, specific effects on distinct pathways (namely 
cell proliferation, cell death and cellular productivity) were found, which are supposed to 
account, at least partially, for the observed increase in overall biomolecule production. 
Accordingly, each of the miRNAs alone or in combination is suitable to enhance 
biomolecule production from a production cell. Additionally, some miRNAs appear to 
influence the cell's performance more generally, leading to an overall increase in 
volumetric production without significant alterations of cell survival, proliferation or 
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cellular production. These miRNA were miR-721 (SEQ ID NO.: 157), miR-107-3p (SEQ 
ID NO.: 286), miR-181a-1-3p (SEQ ID NO.: 290) and miR-19b-2-5p (SEQ ID NO.: 292). 
It is suggested that these miRNAs instead of significantly altering one or two of said 
processes, rather influence all of them and possibly further cell signalling pathways. 
Similar to most of the miRNAs of SEQ ID NO.: 1 - 295 each of SEQ ID NO.: 296 to 609 
were found to exert effects on cell proliferation and/or cell death. Inhibition of a single or 
a plurality of these miRNAs is suitable to promote cell survival and/or proliferation, 
leading to an increase in overall biomolecule production. 

Accordingly, in a further aspect, the invention relates to a method for increasing the 
yield of a biomolecule produced by a cell cultured in vitro comprising the steps 
increasing the level of at least one miRNA selected from the group consisting of SEQ ID 
NO.: 1 - 295 in the cell, and/or decreasing the level of at least one miRNA selected 
from the group consisting of SEQ ID NO.: 296 - 609 in the cell. 

Further more, the invention relates to a method for producing a biomolecule in a cell 
comprising the steps propagating the cell in a cell culture, increasing the level of at least 
one miRNA selected from the group consisting of SEQ ID NO.: 1 - 295 in the cell, 
and/or decreasing the level of at least one miRNA selected from the group consisting of 
SEQ ID NO.: 296 - 609 in the cell, and isolating the biomolecule from the cell culture. 

In a preferred embodiment, wherein the miRNA and/or miRNA-inhibitor is added to the 
cell culture by electroporation or together with a transfectant, or is introduced to the cell 
culture by a viral vector. 

In a further aspect, the invention relates to the use of at least one miRNA selected from 
group 1 for stimulating cellular production of a biomolecule produced by a cell cultured 
in vitro. The miRNAs of group 1 all showed a significant increase in cellular production, 
leading to an increase in the amount of biomolecule that was produced by the entire 
culture. 

In a further aspect, the invention relates to the use of at least one miRNA selected from 
group 2 and/or a miRNA-inhibitor directed against a miRNA of group 3 for suppressing 
cell death of a cell cultured in vitro. By overexpressing any of the miRNAs of group 2 
and/or inhibiting any of the miRNAs of group 3, cell survival is promoted, increasing the 
total number of production cells. This in turn results in an increased amount of total 
biomolecule produced. 

In a further aspect, the invention relates to the use of at least one miRNA selected from 
group 4 or 5 and/or a miRNA-inhibitor directed against a miRNA of group 4 or 5 for 
regulating proliferation of a cell cultured in vitro. Cell proliferation may be specifically 
regulated depending on the state of the culture. At the beginning of the culture, 
proliferation may be enhanced to reach an optimal cell density as fast as possible. This 
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may be achieved by overexpressing any of the miRNAs of group 4 and/or inhibiting any 
of the miRNAs of group 5. In contrast, once the culture is fully established, a reduction 
of proliferation may be advantageous to provide more capacity to the production of the 
biomolecule. This may be achieved by overexpressing any of the miRNAs of group 5 
and/or by inhibiting any of the miRNAs of group 4. 

Examples 

Materials and methods 

Cell culture 

Culturing CHO cells 

Suspension-adapted CHO-SEAP cells, established from CHO DG44 cells (Life 
Technologies, Carlsbad, CA, USA), were grown in TubeSpin® bioreactor 50 tubes 
(TPP, Trasadingen, Switzerland) in ProCHOS culture medium (Lonza, Vervier, 
Belgium), supplemented with 4 mM L-Glutamine (Lonza) and 0.1 % anti-clumping agent 
(Life Technologies). Culture medium for stable miRNA overexpressing CHO-SEAP cells 
was additionally supplemented with 10 jjg/mL puromycin-dihydrochloride (InvivoGen, 
San Diego, CA, USA). Generally, cell concentration of the pre-cultures was adjusted to 
0.5 x 106 viable cells per ml one day prior to transfection to ensure exponential growth 
and the cells were maintained at 37 °C, 5 % C02 and 85 % humidity with agitation at 
140 rpm (25 mm orbit) in an orbital shaker incubator (Sartorius Stedim, Goettingen, 
Germany or Kuehner, Birsfelden, Switzerland). 

Culturing human cell lines 

T98G, HCT116, SKOV3 and SGBS were grown in Dulbecco's Modified Eagle's Medium 
(DMEM) High Glucose, containing 4 mM glutamine, 100 pM pyruvate and 10 % v/v fetal 
bovine serum (FBS) in T25, T75, T175 tissue culture flasks or 96 well tissue culture 
plates. Cells were were maintained at 37 °C, 5 % CO2 and 95 % humidity. 

Cell culture of HeLa cells 

Adherently growing HeLa DJ cells (MediGene AG, Planegg/Martinsried, Germany) were 
grown in high glucose Dulbecco's Modified Eagle Medium (DMEM) (Life technologies, 
Carlsbad, CA, USA) supplemented with 10 % heat-inactivated FBS (Sigma Aldrich, 
St.Louis, MO, USA) and 2 mM GlutaMAX® (Life technologies). Cells were cultured in 
T75 or T175 tissue culture flasks and maintained at 37 °C, 5 % CO2 and 95 % humidity. 
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Transfection of CHO suspension eel lines 

Non-viral delivery of miRNA mimics or small interfering RNAs (siRNAs) was performed 
using ScreenFect®A (InCella, Eggenstein-Leopoldshafen, Germany). Small scale 
transfections for the primary and secondary screening were conducted in U-bottom 
shaped 96-well suspension culture plates (Greiner, Frickenhausen, Germany). For 
secondary screening, selected miRNA mimics were transfected again and plates were 
placed on a Mini-Orbital digital shaker (Bellco, Vineland, USA) located inside a 
Heraeus® BBD 6220 cell culture incubator (Thermo Scientific) at 37 °C, 5% CO2, 90% 
humidity and agitation at 800 rpm. Scaled up transfections for target validation were 
carried out in 12-well suspension culture plates (Greiner) and plates were incubated in 
an orbital shaker incubator with agitation at 140 rpm. An entire murine miRNA mimics 
library (based on Sanger miRBase release 18.0) comprising 1139 different miRNA 
mimics (Qiagen, Hilden, Germany) was used for transfection and all transfections were 
done in biological triplicates. An Alexa Fluor®647 labeled non-targeting siRNA (AF647-
siRNA) (Qiagen) was co-transfected with each effector and control miRNA as indicator 
of transfection efficiency. As functional transfection controls, an anti-SEAP siRNA 
(Qiagen), a CHO-specific anti-proliferative (used for the primary screen) as well as a cell 
death control siRNA (secondary screen) were used. A non-targeting, scrambled miRNA 
(Qiagen) was used as negative control (miR-NT). For plasmid DNA (pDNA) 
transfections, CHO-SEAP cells were nucleofected employing the NEON® transfection 
system (Life Technologies). 1.0 x 107 viable cells were pelleted and resuspended in 110 
pL of Buffer R (Life Technologies) followed by the addition of 25 pg endotoxin-free 
pDNA. Cells were nucleofected with one pulse at 1650 volts for 20 milliseconds and 
seeded in 10 mL of fresh culture medium. Transfected cells were subjected to antibiotic 
selection pressure 48 h post transfection by adding 10 pg/mL of puromycin-
dihydrochloride to the cultures. 

Transfection of adherent cell lines 

Cells were seeded at 7.500 / cm2 (T98G), 10.000 / cm2 (HCT116) 13.000 I cm2 

(SKOV3) or 6.000 I cm2 (SGBS) in 96 well tissue culture plates and grown for 24 h. At 
the day of transfection, transfection complexes were formed by combining 0.4 pi 
ScreenFectA, 4.6 pi Dilution Buffer, 5.0 pi miRNA (1 pM) and 90 pi DMEM and lipoplex 
formation was allowed for 20 min at room temperature. Culture medium was removed 
followed by addition of 100 pi of transfection complexes to each well. After 6 h another 
75 pi of DMEM were added. 

Transfection of miRNAs and production of recombinant adeno-associated vectors 

(rAAVs) 

One day prior to transfection, HeLa DJ cells (MediGene AG) were seeded in 12-well 
microplates at a cell density of 3.0 x 104 cell per cm2 in high glucose DMEM 
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supplemented with 10 % heat-inactivated FBS and 2 mM GlutaMAX®. On the day of 
transfection, cells were co-transfected with rAAV production plasmids and miRNA 
mimics using Lipofectamine™2000 (Life technologies). For each well, 1.8 pL of 
Lipofectamine™2000 was pre-diluted in 100 pL DMEM medium (Life Technologies). 1.5 
pg of plasmid DNA comprising rAAV vector, HAdV helper plasmid (E2A, E4, VARNA 1 
and 2) and HAdV5 E1 helper plasmid were mixed at a molar ratio of 1:1:1 in 100 pL 
DMEM medium, followed by the addition of 50 nM miRNA mimics (Qiagen, Hilden, 
Germany). Lipoplexes were allowed to form by combining diluted Lipofectamine™2000 
with DNA/miRNA solutions followed by an incubation for 15 min at room temperature. 
Culture medium was removed and 800 pL of high glucose DMEM supplemented with 10 
% heat-inactivated FBS and 2 mM GlutaMAX® was added to each well. Finally, 200 pL 
of lipoplex solution were added sequentially to each well. 

Cloning of miRNA expression vectors 

Native miRNA precursor (pre-miR) sequences of Cricetulus griseus (cgr) cgr-MIR30a, 
cgr-MIR30c-1, and cgr-MIR30e were obtained by polymerase chain reaction (PGR) from 
hamster genomic DNA (gDNA). Therefore, gDNA was isolated from CHO-SEAP 
cultures. PGR from gDNA was performed using a 1:1 mixture of two different DNA 
polymerases from Thermus aquaticus (Taq) and Pyrococcus furiosus (Pfu) (Fisher 
Scientific, St.Leon Rot, Germany). The following PGR primers were used to amplify pre-
miR sequences including approximately 100 bp of upstream and downstream genomic 
flanking regions: cgr-MIR30a (332 bp PGR fragment length), forward 5'-
TTGGATCCAGGGCCTGTATGTGTGAATGA-3' (SEQ ID NO.: 610), reverse 5'-
TTTTGCTAGCACACTTGTGCTTTAGAAGTTGC-3' (SEQ ID NO.: 611), cgr-MIR30c-1 
(344 bp PGR fragment length), forward 5'-TTGGATCCAAAATTACTCAGCCC-
ATGTAGTTG-3' (SEQ ID NO.: 612), reverse 5'- TTTTGCTAGCTTAGCCAGAGAAGTG-
CAACC-3' (SEQ ID NO.: 613); cgr-MIR30e (337 bp PGR fragment length), forward 5'-
TTGGATCCATGTGTCGGAGAAGTGGTCATC-3' (SEQ ID NO.: 614), reverse 5'-
TTTTGCTAGCCTCCAAAGGAAGAGAGGCAGTT-3' (SEQ ID NO.: 615). Amplified 
PGR products contained BamH\INhe\ restriction sites at their respective ends which 
were introduced by the PGR primers. Digested PGR fragments were ligated into a 
miRNASelect™ pEGP-miR expression vector (Cell Biolabs, San Diego, CA, USA) 
between BamH\ and NheI restriction sites employing the Rapid DNA Dephos & Ligation 
Kit (Roche Diagnostics). The correct integration of the pre-miR sequences was 
confirmed for all miRNAs by DNA sequencing (SRD, Bad Homburg, Germany). The 
miRNASelect™ pEGP-miR-Null vector (Cell Biolabs) which lacks any pre-miR sequence 
served as negative control. 
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Quantitative flow cytometry 

For cellular analysis, transfected CHO-SEAP cells were analyzed for cell concentration, 
viability, necrosis and transfection efficiency 72 h post transfection. Cells were analyzed 
by high-throughput quantitative flow cytometry employing a MACSQuant® Analyzer 
(Miltenyi Biotech, Bergisch-Gladbach, Germany) equipped with a violet (405 nm), blue 
(488 nm) and red (635 nm) excitation laser. 40 pL of a 3X staining solution [ProCH05 
medium (Lonza) supplemented with 15 pg/mL propidium iodide (PI) (Roth, Karlsruhe, 
Germany), 6 pg/mL Calcein-Violet450-AM (eBioscience, Frankfurt, Germany), 0.5 mM 
EDTA] were added to 80 pL of cell suspension and incubated for 20 min at 37 °C, 5 % 
CO2 and 85 % humidity. Subsequently, cells were counted and viability was measured 
by means of Calcein-Violet450-AM staining. Necrotic/late apoptotic cells were detected 
by PI exclusion and transfection efficiency was determined by analyzing viable cells for 
Alexa Fluor®647 fluorescence. 

Analysis, of apoptosis 

Transfected cells were analyzed for apoptosis using a Nicoletti staining procedure. To 
this end, adherently growing cells were washed with PBS and detached by the addition 
of 35 pi trypsin/EDTA-solution and reaction was stopped by the addition of 80 pi DMEM 
containing 10 % v/v FBS. Complete material including the washing step was subjected 
to the analysis. Suspension cells were directly employed to the staining procedure. 
Cells with a DNA content less than 2n (= Sub-Go/Gi cells) were classified as apoptotic. 
Hence, 50 pL of transfected cell suspension was transferred to a new 96-well 
microplate containing 100 pL of culture medium per well and centrifuged for 5 min at 
150 x g. 100 pL of supernatant was transferred to another 96-well microplate used for 
SEAP protein quantification. The cell pellet was resuspended in 100 pL of Nicoletti 
staining solution (1X Phosphate buffered saline (PBS) supplemented with 0.1 % sodium 
citrate, 0.05 % Triton X-100, 10 pg/mL PI and 1 U/pL RNase A) and incubated in the 
dark for 30 min at 4 °C. Treated cells were analyzed by quantitative flow cytometry on a 
MACSQuant® Analyzer (Miltenyi Biotech). 

SEAP quantification 

SEAP protein levels in the culture supernatant of transfected cells were quantified in 
white 96-well non-binding microplates using a SEAP reporter gene assay (Roche 
Diagnostics). In principle, the chemiluminescent substrate CSPD (3-(4-
methoxyspiro[1,2-dioxetane-3,2!(5'-chloro)-tricyclo(3.3.1.13,7)decane]-4-
yl)phenylphosphate) is dephosphorylated by SEAP, resulting in an unstable dioxetane 
anion that decomposes and emits light at a maximum wavelength of 477 nm. 
Endogenous alkaline phosphatases were inhibited by incubating the samples for 30 min 
at 65 °C following a chemical inactivation using a provided Inactivation Buffer (Roche 
Diagnostics). Due to high SEAP expression levels of the CHO-SEAP cell line, culture 
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supernatants were pre-diluted 1:60 in fresh culture medium. Chemiluminescence was 
detected after addition of CSPD substrate using a SpectraMax® M5e microplate reader 
(Molecular Devices, Sunnyvale, CA, USA). 

gRT-PCR analysis 

Total RNA (including small RNAs <200 bp) was isolated using the miRNeasy mini Kit 
(Qiagen) according to the protocol provided by the manufacturer. RNA concentration 
and purity was determined by UV-spectrometry using a NanoDrop® spectrophotometer 
(Thermo Scientific). Complementary DNA (cDNA) was synthesized from 1 pg total RNA 
using the miScript II RT Kit (Qiagen). RT-PCR was performed with 20~1 diluted cDNA 
using the miScript SYBR green PGR kit (Qiagen) for detection of mature miRNAs on a 
LightCycler® 480 (Roche Diagnostics). The following miRNA-specific primers were 
used: mature miR-30a-5p forward, 5'-TGTAAACATCCTCGACTGGAAGC-3' (SEQ ID 
NO.: 616); miR-30b-5p forward, 5 '-TGTAAACAT CCTACACT C AG CT-3' (SEQ ID NO.: 
617); miR-30c-5p forward, 5'-T GTAAACAT CCT ACACTCT CAGC-3' (SEQ ID NO.: 618); 
miR-30d-5p forward, 5'-CTTTCAGTCAGATGTTTGCTGC-3' (SEQ ID NO.: 619); miR-
30e-5p forward, 5'-T GT AAACAT CCTT G ACT GG AAGC-3' (SEQ ID NO.: 620); the 
miScript Universal Primer (Qiagen) served as reverse primer for each mature miRNA; 
U6 forward, 5'-CTCGCTTCGGCAGCACA-3' (SEQ ID NO.: 621); U6 reverse, 5-
AACGCTTCACGAATTTGCGT-3' (SEQ ID NO.: 622). Relative mature miRNA 
expression differences were calculated by applying the comparative C(T) method. 

rAAV vector quantification 

72 h post transfection, HeLa DJ cells were subjected to three freeze/thaw cycles liquid 
nitrogen/37 °C) and cell debris was removed by centrifugation at 3700 x g for 15 min. 
AAV genomic particles were determined by qRT-PCR based on quantification of AAV-2 
inverted terminal repeats (ITRs). Pre-treatment of crude sample for removal of host cell 
and unpacked DNA was adapted from the procedure described by Mayginnes and 
colleagues (Mayginnes et al., 2006), with following changes: samples were diluted 200-
fold in DNase reaction buffer (22.2 mM Tris/HCI pH 8.0, 2.2 mM MgCI2) before DNasel 
treatment (Qiagen) and final sample was further diluted 3-fold in MilliQ H2O. Buffer 
controls containing 1 x 106 AAV vector plasmid copies and/or DNase I were treated 
equally. The reactions were performed on a CFX96TM instrument (Bio-Rad 
Laboratories Inc., Hercules, Canada) in a total volume of 25 pL, including 12.5 pL SYBR 
Green Master Mix (QIAGEN), 2.5 pL AAV2 ITR primer mix (Aurnhammer et al., 2012), 5 
pL water and 5 pL template (pre-treated samples/controls, water for non-template 
control or serial dilution of standard from 102 to 108 plasmid copies). PCR conditions 
were as follows: pre-incubation at 95°C for 5 min, followed by 39 cycles of denaturation 
at 95°C for 10 s and annealing/extension at 60°C for 30 s. Data analysis occurred using 
CFX Manager software (Bio-Rad Laboratories Inc.). 
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Results 

Transient high-content miRNA screen in recombinant CHO-SEAP suspension cells 

The inventors performed a high-content microRNA screen using 1139 different miRNA 
mimics in a recombinant CHO-SEAP suspension cell line to identify miRNAs improving 
cellular function. In this conjunction, all transfected cells were analyzed for various 
cellular parameters employing a multiparametric flow cytometry-based cell analysis. 
Transfection conditions for small double-stranded RNAs in 96-well format were carefully 
optimized and several functional controls were used which included a non-targeting 
control miRNA (miR-NT), a siRNA against the SEAP mRNA (anti-SEAP siRNA) as well 
as a CHO-specific anti-proliferative siRNA. Using a novel non-viral transfection reagent 
(ScreenFect®A) which has previously been demonstrated to efficiently and functionally 
deliver miRNA mimics into cells grown in a complex production medium (Fischer et al., 
2013), high transfection rates of >95 % could be reproducibly achieved at low 
cytotoxicity rates. As delivery control, a fluorescently-labelled non-targeting siRNA 
(AlexaFluor®647-siRNA) was co-transfected with all effector and control 
miRNAs/siRNAs, respectively. Cell concentration, viability, necrosis and transfection 
efficiency was measured 72 h post transfection by high-throughput quantitative flow 
cytometry. Analysis of apoptotic cell death by means of Nicoletti staining was also 
performed on a quantitative flow cytometer. SEAP protein concentrations were 
determined using a commercially available SEAP reporter assay. A cultivation period of 
three days was chosen to account for both the time-limited transient effects of miRNA 
mimics and the manifestation of changes in cell phenotype. A significant decrease in 
SEAP productivity of cells transfected with an anti-SEAP siRNA as well as significant 
decrease in the viable cell density (VCD) of cells transfected with an anti-proliferative 
siRNA was indicative for functional transfections in all screen plates (Figure 1). In 
addition, spiked-in AlexaFluor®(AF) 647-siRNA confirmed uptake of miRNA mimics in 
each well. 

Data normalization was performed to allow for inter-plate comparisons by normalizing 
each sample value to the mean value of the respective on-plate control (miR-NT). 
Significant changes on each readout parameter were determined by applying a one-way 
analysis of variances (ANOVA) combined with a Dunnett's multiple comparison test 
(against the on-plate miR-NT control; p<0.05). The normalized mean values for all 1139 
effector miRNAs considering important cell characteristics such as VCD, apoptosis, 
necrosis/late apoptosis, specific and volumetric SEAP productivity were determined. 
Cake charts indicating the number of statistically significant hits as percentage of all 
mimics tested are shown in Figure 2. Regarding SEAP productivity, a large proportion of 
16 % of the transfected miRNAs significantly increased SEAP yields in the supernatant 
after 72 h with the best candidates showing an improvement of up to two-fold (Figure 
2A). Significantly elevated cell-specific productivity was even detected for 21 % of the 
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miRNAs (Figure 2B). However, this was partly in conjunction with a decreased cell 
concentration without inducing cell death. In particular, of the 314 miRNAs which 
increased mean specific productivity by at least 20 % were also found to decrease 
mean VCD by up to 69 % three days post-transfection without lowering cell viability. 
Significantly higher viable cell densities were determined for 5 % of all miRNAs, 
whereas 13 % of all miRNAs decreased apoptosis rates (Figures 2C and D). The 
percentage of miRNAs boosting cell proliferation was in line with the fact that 4 % of the 
miRNA library decreased the number of necrotic cells indicating higher viabilities 
following miRNA introduction (Figure 2E). 

Screen analysis identified functionality of miR-30 family 

In order to validate the results obtained through the primary screen the inventors 
performed a secondary screen by transiently transfecting a subset of selected miRNA 
hits in agitated cultures. An agitated culture mode in multi-well plates is much more 
comparable to standard shaking flask cultivations, in which putative oxygen limitations 
of static cultures are substantially overcome. Shaking speed for 96-well plates together 
with the miRNA mimics concentration was carefully optimized to allow for robust 
cultivation and transient transfection in suspension. In a first step, 297 miRNA hits 
derived from the primary cellular screen were selected for a reassessment of their 
positive influence on at least one of the bioprocess relevant cellular parameters 
mentioned above. This approach confirmed phenotypic effects for most miRNAs as 
compared to the primary screen (Figures 7, 8 and 9), pointing towards a high 
reproducibility of the high-content screening method. 

By analyzing the results of the both screens, the entire miR-30 family (comprising miR-
30a, miR-30b, miR-30c, miR-30d, miR-30e) clearly contributed towards an enhanced 
SEAP production in CHO cells. In all miR-30 members the mature 5p-strands 
considered to be the guide strand induced the observed cellular phenotypes. However, 
miR-30c-1-3p, as the only 3p strand among the miR-30 family, was also found to 
substantially elevate SEAP productivity. Figure 3A shows the respective fold changes in 
volumetric SEAP yield for all six productivity-improving miR-30 family members in the 
primary screen. Although the increase mediated by miR-30b-5p was not statistically 
significant due to high standard deviation of the biological triplicates, the inventors 
included it into the graph as for its obvious tendency contributing towards a higher 
volumetric productivity. 

In addition, the miR-30 family could be reliably confirmed as potent driver of 
recombinant protein expression in CHO cells in the validation screen (Figure 3B). By 
transfection of larger proportions of miRNA mimics (50 nM), compared to transfections 
in static cultures (15 nM), the increase in SEAP productivity was even more pronounced 
without an induction of concentration dependent off-target effects. The marked increase 
in SEAP production was accompanied by decreased cell densities in miR-30 
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transfected cultures (Figure 3C). However, viability was not negatively affected (Figure 
3D) which promotes the assumption that the cells used most of their energetic 
resources for the substantially enhanced protein production rather than for cell growth 
and proliferation. 

A characteristic feature of a miRNA family is that the mature miRNA strands share a 
common miRNA 'seed' sequence that are perfectly base paired with their mRNA 
targets. Besides a common 'seed' composing 7 nucleotides at the 5' end of all miR-30-
5ps, they also share the nucleotides at positions 9 to 11 (UCC), and 15 to 17 (ACU), 
respectively. Considering an overall length of 22-23 nucleotides for miR-30, this finding 
suggests that this miRNA family share a minimum of 60 % sequence similarity, while 
miR-30a-5p, miR-30d-5p and miR-30e-5p even share >90 % sequence homology. 

To gain insights into multiple effects of respective miRNAs, one cellular parameter can 
be plotted against another, enabling the identification of highly interesting functional 
candidate miRNAs for cell engineering. Towards this end, phenotypic changes 
beneficial for bioprocess performance, such as an increase in protein production and 
viable cell density, or a decrease in apoptosis were investigated. A detailed analysis of 
the miR-30 family revealed that the three miRNAs miR-30a-5p, miR-30c-1-3p and miR-
30d-5p exhibited combined effects in both increasing volumetric and specific 
productivity (Figure 3E), and miR-30a-5p and miR-30d-5p both additionally decreased 
the number of apoptotic cells highlighting their potential as attractive targets for cell 
engineering (Figure 3F). 

To further examine the potential of the miR-30 family to enhance protein production in 
CHO cells, the inventors selected two miR-30 family members exhibiting various extent 
of recombinant SEAP production increase (miR-30a-5p and miR-30c-5p) and performed 
a scale-up experiment by transfecting these miRNAs separately as well as 
combinations of both miRNAs in elevated culture scale. Similarly, miR-30a-5p and miR-
30c-5p substantially increased volumetric and specific SEAP productivity after transient 
transfection in 2 mL batch cultures (Figure 4A). CHO-SEAP cultures transfected with 
miR-30a-5p alone showed higher cell densities after 72 h, while introduction of miR-30c-
5p resulted in decreased cell density (Figure 4B). However, viability was not negatively 
affected suggesting that reduced cell densities might be due to a substantial increase in 
cell-specific SEAP productivity. Co-transfection of both miRNA species in equal 
concentrations (25 nM each) could reverse the growth-inhibiting effect of miR-30c-5p 
and resulted in higher SEAP titers as compared to cells transfected with 50 nM of miR-
30c-5p mimics. Moreover, by increasing miR-30a/miR-30c concentrations up to 50 nM 
(100 nM total miRNA concentration), viable cell density was further increased compared 
to miR-NT transfected control cells, and exhibited values similar to cells transfected with 
50 nM miR-30a-5p mimics. This might argue for additive or even synergistic effects of 
miR-30a and miR-30c, which would have important implications for a combined stable 
expression of various miRNAs. 
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Stable overexpression. of miR-30 family members 

To confirm that results of transient introduction of miRNA mimics can be interpolated to 
stable miRNA overexpression, the inventors selected three miR-30 family members and 
established stable overexpressing cell pools based on the CHO-SEAP parental cell line. 
For stable long-term expression of target miRNAs the respective precursor sequences 
have to be integrated into the host cell genome. A correct intranuclear Drosha/DGCR8 
processing requires the native genomic sequence context of endogenous pre-miRs 
including appropriate upstream and downstream flanking regions. The inventors have 
therefore PCR-amplified the endogenous precursor miRNA sequences of MIR30a, 
MIR30c and MIR30e, including approximately 100 bp of both up- and downstream 
flanking regions from genomic DNA, and subcloned them into a mammalian expression 
vector. The pre-miR sequences were inserted upstream of a green fluorescent protein-
puromycin (GFP-Puro) fusion protein under the control of the human elongation factor 1 
alpha (EF1a) promoter (Figure 5A). This feature offers two advantages: Firstly, it 
enables the detection of positively transfected cells via GFP-fluorescence (as well as 
facilitates fluorescent-activated cell sorting), and secondly, it allows for selection of 
stably transfected cells by adding antibiotic pressure to the cultures. Moreover, the 
EF1a promoter induces strong transgene as well as miRNA expression and has been 
reported to be less prone to epigenetic gene silencing in CHO cells compared to viral 
promoters such as the human cytomegalovirus (hCMV) immediate early promoter. As a 
result, long-term miRNA overexpression in recombinant CHO cells is expected to be 
more stable and efficient as compared to previously described miRNA expression 
approaches in which only the mature miRNA -5p and -3p strands were integrated into 
an artificially created chimeric stem-loop. 

Stable cell pools overexpressing each member of the miR-30 family were successfully 
established by puromycin selection and overexpression of mature miRNAs was 
assessed via qRT-PCR (Figure 5B). Notably, the fold-change value of miRNA 
overexpression is highly dependent on the endogenous level of the respective mature 
miRNA. qRT-PCR analysis revealed that miR-30e-5p is highly abundant in CHO cells 
as compared to miR-30a-5p or miR-30c-5p, which are only moderately expressed, 
possibly explaining the observed differences in miR-30 overexpression in the stable 
pools. 

Stable MIR30a, MIR30c and MIR30e overexpressing pools were batch-cultivated for 7 
days and compared to mock control cells (pEGP-MIR-Null) as well as the parental 
CHO-SEAP cell line. Analysis of SEAP protein concentration in the supernatant 
confirmed that CHO-pEGP-MIR30a, CHO-pEGP-MIR30c and CHO-pEGP-MIR30e 
produced significantly more SEAP as compared to control cells (Figure 5C). To 
investigate if the observed increase in volumetric productivity was due to an increase in 
either cell number or specific productivity, the inventors have analyzed the cell density 
and viability and discovered that MIR30a overexpressing cells reached far higher cell 
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density and viability from day 3 post-seeding as compared to parental CHO-SEAP cells 
(Figure 5D). The accumulation of metabolic side products as well as a decrease in 
nutrient supply by depleted culture media is usually in conjunction with decreased 
proliferation rates as seen by the initiation of the stationary growth phase of negative 
control (pEGP-MIR-Null) and parental CHO-SEAP cells. The fact that MIR30a 
overexpressing cells kept growing at higher viabilities until day 6 post seeding, together 
with the observation that transient introduction of miR-30a-5p decreased apoptosis rate 
(Figure 3F), points toward an anti-apoptotic function of MIR30a. 

In contrast, MIR30c overexpressing pools showed slightly decreased cell concentrations 
whereas MIR30e overexpression had no significant effect on cell density and viability 
during batch cultivation. However, cell-specific SEAP productivity was substantially 
increased by almost two-fold in MIR30c and MIR30e overexpressing cells, respectively 
(Figure 5E). In this conjunction, the extraordinarily enhanced recombinant protein 
productivity might be one possible reason for the diminished cell growth of the CHO-
pEGP-MIR30c pool as well as for the earlier drop in viability, which might be due to a 
faster consumption of nutrients in the media. Moreover, the inventors observed that 
both miR-30c strands (5p and 3p), which are derived from the same pre-miR-30c 
precursor, enhanced recombinant protein expression in transient screenings (Figures 
3A and B). Hence, another possible reason could be that since both strands are more 
abundant as a result of MIR30c overexpression, mature miR-30c-5p and miR-30c-1-3p 
act simultaneously leading to stronger phenotypic effects. 

Strikingly, although these three miRNAs share the same seed sequence and the 
residual sequence only varies in a few nucleotides the effects on the cell phenotype is 
remarkably diverse. This illuminates that the specificity of a given miRNA to its target 
mRNAs and therefore its biological function is determined by the entire miRNA 
sequence rather than solely by the seed sequence. Another reason for the diverse 
function of the miR-30 family could be that since mature sequences are almost identical, 
it would be conceivable that miRNA precursor sequences play a critical role for miRNA 
fate and might be involved in determining function of the miRNA. Taken together the 
results of stable miR-30 overexpression finally proved that effects of transient miRNA 
mimics transfection experiments can be reproduced in a stable fashion, and more 
importantly, it highlights again that miRNAs are attractive tools for improving culture 
performance of biopharmaceutical production cells. 

Mature miR-30 expression levels are upregulated during stationary growth phase 

A batch suspension cell culture production process is generally divided into different 
phases with the stationary phase to be considered as the main production period where 
cells switch their metabolism from growth to increased protein expression, a feature 
which is exploited in fed-batch as well as in biphasic production processes. The miR-30 
family has previously been demonstrated to be expressed by different CHO strains as 
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well as under various culture conditions. The inventors hypothesized that if the miR-30 
family actually contributes to increased protein production in CHO cells, the 
concentration of mature miR-30 molecules might be more abundant in the stationary 
phase than during exponential growth. To test this postulate the inventors performed 
three independent batch cultivations of CHO-SEAP cells, and analyzed expression 
levels of miR-30a-5p and miR-30c-5p, respectively, during the cultivation process. qRT-
PCR analysis revealed that mature miR-30a and miR-30c were strongly upregulated 
during the stationary phase of a CHO batch culture (Figure 6A). Although expression 
levels of both miRNAs still remained upregulated in the decline phase which is the last 
stage mainly driven by apoptotic cell death the miR-30 family may not be involved in 
apoptosis since at no times after transient (Figure 6B) or stable miR-30 overexpression 
(Figure 5D), increased apoptosis was observed. It is therefore rather likely that the cells 
might use miR-30 as endogenous vehicle to control the metabolic shift towards a more 
effective protein expression. Compared to proteins which have to be tediously 
translated, correctly folded as well as posttranslationally modified, microRNAs as small 
RNAs only have to be transcribed and processed to be readily available for gene 
regulation. This would promote the assumption of recent studies which classified 
miRNAs as smart endogenous tool to confer rapid transformation in cell phenotype. 

To determine whether the observed effects after ectopic miR-30 overexpression could 
be reversed by knockdown of miR-30 family members, the inventors transiently 
repressed endogenous miR-30c-5p and subsequently examined the consequences on 
protein productivity and viable cell density of CHO-SEAP cells. Using antisense 
inhibitors specific for mature miR-30c-5p, so-called antagomiRs or miRNA-inhibitors, the 
inventors found that endogenous miR-30c expression was strongly attenuated (Figure 
6C). However, neither specific SEAP productivity nor viable cell density was significantly 
affected by anti-miR-30c-5p antagomiRs, suggesting that lowering endogenous miR-30 
levels might not lead to opposing effects regarding protein production (Figure 6D and 
E). 

Induction of apoptosis in tumor cells and preadipocvtes 

To determine whether miRNAs identified in the above described screening exert their 
specific cellular functions also in cells derived from other species than Chinese 
Hamster, miR-134-5p, miR-378-5p and let-7d-3p were transiently overexpressed in 
human cell lines. The examined cell lines comprised tumor cell lines, namely SKOV3 
(ovarial carcinoma), T98G (glioblastoma), HCT 116 (colon carcinoma), and the SGBS 
preadipocytes cell line. As for CHO-SEAP cells, miR-134-5p, miR-378-5p and let-7d-3p 
induced apoptosis in all four cell lines, with most prominent effect in preadipocytes. 
These results show that the miRNAs identified in CHO cells to have specific cellular 
functions are well suitable to induce their specific effects also in cells derived from other 
species. 
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Production of recombinant adeno-associated vectors (rAAVs) 

HeLa cells transfected with viral production plasmids can be used to produce viral 
particles for further infections. To increase the production of recombinant adeno-
associated vectors (rAAVs), HeLa cells are co-transfected with rAAV production 
plasmids and miRNA 483 mimics. This resulted in a 1.5 to 2 fold increase in cellular 
production of rAAVs (Figure 11). 
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1. A nucleic acid construct comprising at least two different regions, wherein the 

regions are selected of 

a first region encoding for at least one miRNA stimulating cellular 

production of a biomolecule in a cell, the miRNA is selected from group 1, 

a second region encoding for at least one miRNA and/or mi-RNA inhibitor 

suppressing cell death, the miRNA is selected from group 2 and the 

miRNA-inhibitor inhibits a miRNA selected from group 3, and 

a third region encoding for at least one miRNA and/or miRNA-inhibitor 

regulating cell proliferation, the miRNA is selected from group 4 or 5 and 

the miRNA-inhibitor inhibits a miRNA selected from group 4 or 5, 

wherein group 1 consists of SEQ ID NO.: 69, 1, 2, 3, 4, 6, 8, 9, 10, 11, 12, 13, 

14, 15, 16, 17, 18, 19, 20, 21, 25, 26, 27, 28, 29, 32, 34, 37, 39, 40, 41, 42, 44, 

45, 46, 47, 48, 49, 51, 52, 53, 55, 56, 57, 58, 62, 63, 66, 67, 70, 75, 76, 77, 80, 

81, 82, 83, 86, 88, 90, 91, 93, 98, 99, 100, 101, 102, 103, 104, 106, 109, 110, 

111, 112, 113, 114, 115, 116, 117, 118, 120, 121, 128, 130, 132, 134, 136, 137, 

138, 141, 142, 143, 147, 151, 152, 155, 158, 163, 165, 171, 174, 182, 183, 185, 

186, 188, 190, 201, 203, 207, 211, 212, 214, 217, 222, 223, 228, 230, 233, 238, 

239, 240, 254, 255, 269, 276, 278, 279, 285, and 294; 

group 2 consists of SEQ ID NO.: 1, 2, 3, 4, 6, 8, 9, 20, 52, 98, 5, 7, 24, 31, 33, 

50, 54, 59, 60, 61, 64, 68, 71, 73, 74, 79, 85, 87, 89, 92, 94, 95 97, 145, 153, 

154, 156, 159, 161, 166, 167, 168, 169, 170, 172, 175, 176, 178, 179, 180, 181, 

184, 191, 192, 194, 195, 196, 197, 199, 200, 204, 205, 206, 208, 209, 210, 213, 

216, 219, 220, 221, 224, 225, 226, 227, 229, 231, 236, 237, 241, 242, 243, 245, 

247, 248, 251, 252, 253, 256, 257, 258, 259, 260, 262, 265, 266, 268, 271, 272, 

273, 274, 277, 280, 282, 284, 289, 293, and 295; 

group 3 consists of SEQ ID NO.: 296, 297, 298, 299, 300, 301, 302, 303, 304, 

305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 

321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 

337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 

353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 

369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 

385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 
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401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 

417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 

433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 

449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 

465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 

481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 

497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 

513, 514, 515, 605, 607, 608, and 609; 

group 4 consists of SEQ ID NO.: 5, 7, 68, 79, 94, 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19, 22, 23, 30, 35, 36, 38, 43, 65, 72, 78, 84, 96, 105, 107, 108, 119, 122, 

123, 124, 125, 126, 127, 129, 131, 133, 135, 139, 140, 144, 146, 148, 149, 150, 

160, 162, 164, 173, 177, 187, 189, 193, 198, 202, 215, 218, 232, 234, 235, 244, 

246, 249, 250, 261, 263, 264, 267, 270, 275, 281, 283, 287, 288, and 291; 

and group 5 consists of SEQ ID NO.: 516, 517, 518, 519, 520, 521, 522, 523, 

524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 

540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 

556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 

572, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 

588, 589, 590, 591, 592, 593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 

604, and 606. 

2. The nucleic acid construct according to claim 1, wherein the first region encodes 

for at least one miRNA selected from group 9, and/or the second region encodes 

for at least one miRNA selected from group 10 and/or an miRNA-inhibitor 

inhibiting a miRNA selected from group 11, and/or the third region encodes for at 

least one miRNA selected from group 12 or 13 and/or an miRNA-inhibitor 

inhibiting a miRNA selected from group 12 or 13, 

wherein group 9, consists of SEQ ID NO.: 1, 3, 6, 8, 10, 29, 39, 40, 47, 49, 51, 

55, 91, 103, 115, 132, 137, 171, 211 and 294; group 10 consists of SEQ ID NO.: 

3, 7, 20, 54, 59, 73, 94, 145, 159, 175, 176, 178, 179, 199, 206, 248, 251, 252, 

266 and 272; group 11 consists of SEQ ID NO.: 297, 305, 307, 311, 312, 313, 

321, 330, 331, 335, 336, 340, 345, 351, 359, 405, 412, 458, 510 and 608; group 

12 consists of SEQ ID NO.: 5, 7, 22, 30, 35, 43, 68, 72, 78, 84, 96, 146, 148, 160, 

173, 177, 198, 202, 232, 234, 244, 267 and 283; and group 13 consists of SEQ 
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ID NO.: 517, 523, 526, 529, 531, 533, 537, 548, 550, 558, 560, 561, 563, 566, 

567, 571, 575, 577, 583, 591, 600, 601 and 604. 

3. The nucleic acid construct according to claim 1 or 2, wherein the at least two 

different regions are controlled by different promoters, preferably at least one 

promoter is inducible or inhibitable. 

4. The nucleic acid construct according to any of the preceding claims, wherein the 

miRNA inhibitor is an antagomir, a miRNA sponge or a miRNA decoy. 

5. The nucleic acid construct according to any of the preceding claims, wherein the 

biomolecule is a biopharmaceutical, preferably a recombinant molecule, more 

preferred a recombinant protein or a recombinant virus. 

6. The nucleic acid construct according to any of the preceding claims, wherein the 

nucleic acid construct is an expression vector, an episomal vector or a viral 

vector. 

7. A cell comprising a construct according to any of claims 1 to 6. 

8. The cell according to claim 7, wherein the construct is integrated into the cell's 

genome. 

9. The cell according to claim 7 or 8, wherein a region of the cell's genome 

encoding for at least one miRNA selected from group 1, 2, or 4 is amplified 

and/or a region of the cell's genome encoding for at least one miRNA selected 

from group 3 or 5 is deleted or silenced. 

10. The cell according to any of claims 7 to 9, wherein the cell is stable cell line cell. 

11. Method for increasing the yield of a biomolecule produced by a cell cultured in 

vitro comprising at least two steps selected of 

stimulating cellular production of the biomolecule by increasing the level of 

at least one miRNA selected from group 1 in the cell, 
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reducing cell death by increasing the level of at least one miRNA selected 

from group 2 in the cell and/or decreasing the level of at least one miRNA 

selected from group 3, and 

regulating proliferation of the cell by increasing the level of at least one 

miRNA selected from group 4 or 5 in the cell and/or decreasing the level of 

at least one miRNA selected from group 4 or 5, 

wherein group 1 consists of SEQ ID NO.: 69, 1, 2, 3, 4, 6, 8, 9, 10, 11, 12, 13, 

14, 15, 16, 17, 18, 19, 20, 21, 25, 26, 27, 28, 29, 32, 34, 37, 39, 40, 41, 42, 44, 

45, 46, 47, 48, 49, 51, 52, 53, 55, 56, 57, 58, 62, 63, 66, 67, 70, 75, 76, 77, 80, 

81, 82, 83, 86, 88, 90, 91, 93, 98, 99, 100, 101, 102, 103, 104, 106, 109, 110, 

111, 112, 113, 114, 115, 116, 117, 118, 120, 121, 128, 130, 132, 134, 136, 137, 

138, 141, 142, 143, 147, 151, 152, 155, 158, 163, 165, 171, 174, 182, 183, 185, 

186, 188, 190, 201, 203, 207, 211, 212, 214, 217, 222, 223, 228, 230, 233, 238, 

239, 240, 254, 255, 269, 276, 278, 279, 285, and 294; 

group 2 consists of SEQ ID NO.: 1, 2, 3, 4, 6, 8, 9, 20, 52, 98, 5, 7, 24, 31, 33, 

50, 54, 59, 60, 61, 64, 68, 71, 73, 74, 79, 85, 87, 89, 92, 94, 95 97, 145, 153, 

154, 156, 159, 161, 166, 167, 168, 169, 170, 172, 175, 176, 178, 179, 180, 181, 

184, 191, 192, 194, 195, 196, 197, 199, 200, 204, 205, 206, 208, 209, 210, 213, 

216, 219, 220, 221, 224, 225, 226, 227, 229, 231, 236, 237, 241, 242, 243, 245, 

247, 248, 251, 252, 253, 256, 257, 258, 259, 260, 262, 265, 266, 268, 271, 272, 

273, 274, 277, 280, 282, 284, 289, 293, and 295; 

group 3 consists of SEQ ID NO.: 296, 297, 298, 299, 300, 301, 302, 303, 304, 

305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 

321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 

337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 

353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 

369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 

385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 

401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 

417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 

433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 

449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 

465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 

481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 
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497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 

513, 514, 515, 605, 607, 608, and 609; 

group 4 consists of SEQ ID NO.: 5, 7, 68, 79, 94, 10, 11, 12, 13, 14, 15, 16, 17, 

18, 19, 22, 23, 30, 35, 36, 38, 43, 65, 72, 78, 84, 96, 105, 107, 108, 119, 122, 

123, 124, 125, 126, 127, 129, 131, 133, 135, 139, 140, 144, 146, 148, 149, 150, 

160, 162, 164, 173, 177, 187, 189, 193, 198, 202, 215, 218, 232, 234, 235, 244, 

246, 249, 250, 261, 263, 264, 267, 270, 275, 281,283, 287, 288, and 291; 

and group 5 consists of SEQ ID NO.: 516, 517, 518, 519, 520, 521, 522, 523, 

524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 

540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 

556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 

572, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 

588, 589, 590, 591, 592, 593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 

604, and 606. 

12. The method of claim 11, wherein the level of a miRNA is increased by 

overexpressing the miRNA in the cell, by electroporating the cell in the presence 

of the miRNA or by adding the miRNA and a transfectant to a medium, in which 

the cell is cultured. 

13. The method of claim 11 or 12, wherein the level of a miRNA is decreased by 

deleting the region of the cell's genome encoding for the miRNA or regulating its 

transcription, by expressing a miRNA-inhibitor in the cell directed against the 

miRNA, by electroporating the cell in the presence of the miRNA-inhibitor or by 

adding a miRNA-inhibitor and a transfectant to a medium, in which the cell is 

cultured. 

14. Method for producing a biomolecule in a cell comprising the steps 

propagating the cell in a cell culture, 

increasing the level of at least one miRNA selected from the group 

consisting of SEQ ID NO.: 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 

16, 17,18, 19, and 20, and 

isolating the biomolecule from the cell culture. 
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15. Use of a combination of at least one miRNA selected from group 1, at least one 

miRNA selected from group 2 and/or at least one miRNA-inhibitor inhibiting a 

miRNA selected from group 3, and at least one miRNA selected from group 4 or 5 

and/or at least one miRNA-inhibitor inhibiting a miRNA selected from group 4 or 5, 

in producing a biomolecule in a cell wherein group 1 consists of SEQ ID NO.: 1, 2, 

3, 4, 6, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 25, 26, 27, 28, 29, 32, 

34, 37, 39, 40, 41,42, 44, 45, 46, 47, 48, 49, 51, 52, 53, 55, 56, 57, 58, 62, 63, 66, 

67, 69, 70, 75, 76, 77, 80, 81, 82, 83, 86, 88, 90, 91, 93, 98, 99, 100, 101, 102, 

103, 104, 106, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 120, 121, 128, 

130, 132, 134, 136, 137, 138, 141, 142, 143, 147, 151, 152, 155, 158, 163, 165, 

171, 174, 182, 183, 185, 186, 188, 190, 201, 203, 207, 211, 212, 214, 217, 222, 

223, 228, 230, 233, 238, 239, 240, 254, 255, 269, 276, 278, 279, 285, and 294; 

group 2 consists of SEQ ID NO.: 1, 2, 3, 4, 6, 8, 9, 20, 52, 98, 5, 7, 24, 31, 33, 

50, 54, 59, 60, 61, 64, 68, 71, 73, 74, 79, 85, 87, 89, 92, 94, 95 97, 145, 153, 

154, 156, 159, 161, 166, 167, 168, 169, 170, 172, 175, 176, 178, 179, 180, 181, 

184, 191, 192, 194, 195, 196, 197, 199, 200, 204, 205, 206, 208, 209, 210, 213, 

216, 219, 220, 221, 224, 225, 226, 227, 229, 231, 236, 237, 241, 242, 243, 245, 

247, 248, 251, 252, 253, 256, 257, 258, 259, 260, 262, 265, 266, 268, 271, 272, 

273, 274, 277, 280, 282, 284, 289, 293, and 295; 

group 3 consists of SEQ ID NO.: 296, 297, 298, 299, 300, 301, 302, 303, 304, 

305, 306, 307, 308, 309, 310, 311, 312, 313, 314, 315, 316, 317, 318, 319, 320, 

321, 322, 323, 324, 325, 326, 327, 328, 329, 330, 331, 332, 333, 334, 335, 336, 

337, 338, 339, 340, 341, 342, 343, 344, 345, 346, 347, 348, 349, 350, 351, 352, 

353, 354, 355, 356, 357, 358, 359, 360, 361, 362, 363, 364, 365, 366, 367, 368, 

369, 370, 371, 372, 373, 374, 375, 376, 377, 378, 379, 380, 381, 382, 383, 384, 

385, 386, 387, 388, 389, 390, 391, 392, 393, 394, 395, 396, 397, 398, 399, 400, 

401, 402, 403, 404, 405, 406, 407, 408, 409, 410, 411, 412, 413, 414, 415, 416, 

417, 418, 419, 420, 421, 422, 423, 424, 425, 426, 427, 428, 429, 430, 431, 432, 

433, 434, 435, 436, 437, 438, 439, 440, 441, 442, 443, 444, 445, 446, 447, 448, 

449, 450, 451, 452, 453, 454, 455, 456, 457, 458, 459, 460, 461, 462, 463, 464, 

465, 466, 467, 468, 469, 470, 471, 472, 473, 474, 475, 476, 477, 478, 479, 480, 

481, 482, 483, 484, 485, 486, 487, 488, 489, 490, 491, 492, 493, 494, 495, 496, 

497, 498, 499, 500, 501, 502, 503, 504, 505, 506, 507, 508, 509, 510, 511, 512, 

513, 514, 515, 605, 607, 608, and 609; 
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group 4 consists of SEQ ID NO.: 5, 7, 68, 79, 94, 10, 11, 12, 13, 14, 15, 16, 17, 
18, 19, 22, 23, 30, 35, 36, 38, 43, 65, 72, 78, 84, 96, 105, 107, 108, 119, 122, 
123, 124, 125, 126, 127, 129, 131, 133, 135, 139, 140, 144, 146, 148, 149, 150, 
160, 162, 164, 173, 177, 187, 189, 193, 198, 202, 215, 218, 232, 234, 235, 244, 
246, 249, 250, 261,263, 264, 267, 270, 275, 281,283, 287, 288, and 291; 
and group 5 consists of SEQ ID NO.: 516, 517, 518, 519, 520, 521, 522, 523, 
524, 525, 526, 527, 528, 529, 530, 531, 532, 533, 534, 535, 536, 537, 538, 539, 
540, 541, 542, 543, 544, 545, 546, 547, 548, 549, 550, 551, 552, 553, 554, 555, 
556, 557, 558, 559, 560, 561, 562, 563, 564, 565, 566, 567, 568, 569, 570, 571, 
572, 573, 574, 575, 576, 577, 578, 579, 580, 581, 582, 583, 584, 585, 586, 587, 
588, 589, 590, 591, 592, 593, 594, 595, 596, 597, 598, 599, 600, 601, 602, 603, 
604, and 606. 


