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One of the major remaining deficits in our understanding of the human genome is that

information regarding gene function is available for only one quarter of the approximately

30,000 genes. Many of these hitherto anonymous genes are potential targets for the

development of new anti-cancer drugs. It is therefore important to functionally annotate the

tens of thousands of genes for which this information is currently lacking. My laboratory has

developed functional genetic approaches to obtain information regarding gene function using

high-throughput screens in mammalian cells. In general, genetic screens represent an

unbiased approach to identify genes that act in specific cellular pathways. We have

developed both gain-of-function genetic screens (using retroviral cDNA expression libraries)

and loss-of-function genetic screens (using vector-based RNA interference libraries) to carry

out large-scale genetic screens in mammalian cells. We focus on the central growth-

regulatory pathways that are most frequently deregulated in cancer, such as the p16INK4A-

cyclin D-RB pathway, the p19ARF-MDM2-p53 pathway and the NF-kB pathway.

Gain-of-function genetic screens.

We use retroviral cDNA expression libraries to identify genes that act in pathways, which are

frequently deregulated in human cancer. In short, these genetic screens involve the infection

of a cell population with a high-complexity retroviral cDNA expression library, selection of

cells with altered phenotype, followed by identification of the cDNA responsible for the

phenotype. In the past years, we have used gain-of-function genetic screens to identify genes

that that confer resistance the anti-proliferative effects of the p53-dependent senescence

response in primary murine cells. Using this approach, we identified more than ten genes that

allow escape from senescence, including BCL6. This gene was originally identified as the

target of an oncogenic translocation in non-Hodgkin’s lymphoma. Importantly, BCL6 also

extends the life span of primary human B cells in culture, indicating that BCL6 has a similar

mode of action in rodent fibroblasts and in human B cells (Shvarts et al., 2002).

Using a similar approach, we have identified DRIL1, the human orthologue of the Drosophila

Dead Ringer transcriptional regulator, as a gene that allows escape from oncogenic RAS-

induced premature senescence (Peeper et al., 2002).

Loss-of-function genetic screens in mammalian cells using RNA interference.

RNA interference (RNAi) is an ancient defense mechanism to protect cells from invasion by

viruses and transposable elements. This response is triggered by double stranded RNAs

generated by these parasitic nucleic acids, which are processed into short interfering RNAs

(siRNAs) by specialized nucleases, such as dicer. These siRNAs target homologous RNAs



for destruction through recruitment of a RNA-Induced Silencing Complex (Hannon, 2002). In

C. elegans and Drosophila, the use of large-scale RNAi screens has proven to be powerful

for the identification of loss-of-function phenotypes in several developmental pathways. In

most mammalian cells the use of long double-stranded RNA provokes an interferon

response, leading to a general shut off of protein synthesis. This response can be bypassed

by using in vitro synthesized 21 base pair double-stranded siRNAs, which can cause strong,

but transient, inhibition of gene expression in nearly all mammalian cells (Elbashir et al.,

2001). Such RNA molecules are short enough to stay below the radar screen of the interferon

response system, yet are powerful inducers of RNA interference. However, the use of these

siRNAs is limited by the transient inhibition of gene expression, the difficulty to use these

siRNAs in a polyclonal screening format and their high cost. To circumvent these limitations

of siRNAs, we have developed a mammalian expression vector (named pSUPER) that directs

the synthesis of short hairpin RNAs (shRNAs), which are processed in vivo into siRNA-like

molecules that can suppress gene expression over prolonged periods of time and are highly

target-specific (Brummelkamp et al., 2002). We have recently shown the feasibility of using

shRNA vectors to identify loss-of-function phenotypes in mammalian cells by creating a set of

vectors to suppress most members of the de-ubiquitinating enzyme gene family. This allowed

us to identify the cylindromatosis tumour suppressor gene as a regulator of the transcription

factor NF-kB (Brummelkamp et al., 2003).

A collection of siRNA vectors for large-scale loss of function genetic screens.

We used a retroviral derivative of the pSUPER siRNA vector to generate a large collection of

siRNA vectors that each target a single gene for suppression. Three knockdown vectors were

designed for each transcript to obtain more efficient suppression of gene expression (Fig. 1).

Figure 1 The NKi RNAi library.



For each transcript three19 nucleotide (nt) sequences were selected. These were converted into pairs of

complementary 59-mer oligonucleotides designed to direct the synthesis a hairpin transcript and cloned

into pRETRO-SUPER. Three vectors targeting one gene were pooled in a single well of a 96 well plate.

From each 96 well plate high titer polyclonal retroviral supernatant can be produced, which can

subsequently be used to infect cells. Colonies of phenotypically distinct cells can then be selected.

In total, we constructed a set of 23,742 siRNA vectors that together target 7,914 human

genes for suppression by RNA interference. In first instance, we have used this collection of

siRNA vectors to perform large-scale screens for loss-of-function phenotypes in the p53

tumor suppressor pathway. We selected this pathway because its integrity is crucial to

maintain genome stability due to the fact that it transmits both anti-proliferative and pro-

apoptotic signals in response to a variety of stress signals (Sherr, 2001). Consequently, the

p53  gene is mutated in over half of all human cancers. In addition, the other major

components of the p53 pathway such as p19ARF in mouse (p14ARF in man) and MDM2 (HDM2

in man) are mutated in many forms of cancer. This raises the possibility that additional, yet to

be discovered, components of this pathway may also be major players in oncogenesis. The

results of these large-scale loss-of-function genetic screens in mammalian cells will be

presented.
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