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Abstract.  The Kaposi’s sarcoma-associated herpesvirus (KSHV) is an oncogenic human 

herpesviruses.  Therefore,  it  is  responsible  for  cancer,  especially  in  immunosuppressed 

people, such as patients with Acquired Immune Deficiency Syndrome (AIDS). So far, there 

are no KSHV-specifc antiviral agents available. In this review, we provide an overview on 

one  particular  target-centered  approach  towards  novel  anti-KSHV  drugs  focusing  on 

interfering with the molecular functions of the so-called Latency-associated Nuclear Antigen 

(LANA).  This  review  we  focus  on  attempts  to  interfere  with  the  LANA-DNA  interaction 

mediated by the C-terminal domain. We describe the drug discovery approaches chosen for 

this endeavour as well as molecular structures that were identified in this innovative concept 

towards novel and KSHV-specific antiherpesviral agents.

Keywords. Antiherpesviral agents, KSHV, LANA, protein-DNA interactions, latent infection, 

viral persistence



1 Introduction  

1.1 KSHV

The Kaposi’s sarcoma-associated herpesvirus (KSHV) (also known as Human herpesvirus 8 

(HHV-8)) is one of the eight known herpesviruses. It is a γ-herpesvirus and belongs to the 

genus of rhadinoviruses.[1–3] Furthermore, it is one of the seven known oncogenic viruses, 

which are responsible for 20% of all cancers in humans.[4]

Kaposi’s sarcoma (KS), which is a type of skin cancer with dark purple, red-blue, dark brown 

or black lesions,  was first  described by Moritz Kaposi  in 1872.[2; 3; 5;  6] This  cancer is 

classified as a class I carcinogen.[2; 7; 4] The lesions can appear anywhere and often they 

are located on the lower extremities. Moreover, oral, genital and ocular mucous membranes 

are affected too.[2;  5] KS can be divided  into  four  categories:  classic  KS,  endemic  KS, 

iatrogenic KS and epidemic KS/AIDS-KS.[8] It can be associated with high morbidity and in 

some cases high mortality. For example, in sub-Saharan African countries, only about 12% 

of individuals with KS are alive five years after diagnosis.[8] 20,000 people died in 2018 and 

41,000 people were newly diagnosed with KS in the year 2018.[9] These numbers illustrate 

the importance of researching antiviral drugs combating KS and specifically interfere with the 

life cycle of KSHV as the etiological agent.

Besides KS, KSHV is  also  responsible  for  primary effusion lymphomas (PEL)  and many 

cases of multicentric Castleman's disease (MCD).[10; 11] 

The spread of the virus depends on the geographical location and the general condition of 

the people. Old men as well as homosexual and bisexual men suffering from AIDS are often 

affected. In addition, immunosuppressed people are often affected after an organ transplant. 

Frequently affected regions are Mediterranean and Eastern European countries, the Middle 

East as well as Central, East and South Africa.[12; 8] In western countries KSHV infections 

are rare.[7]



1.2 LANA

As all  herpesviruses,  KSHV exists in their  host for lifetime cyclin  through latent  and lytic 

phases.[13] In the lytic phase many genes are expressed and it replicates, while in the latent 

phase only a few genes are expressed.[10; 11] One of the genes that is expressed in the 

latent phase is ORF73, which codes for the amino acid sequence of the protein latency-

associated nuclear antigen (LANA).[14; 15] As shown in Figure 1, LANA is reported to act as 

a linker between the viral  genome and the histones of the cellular  DNA. [14] With its  C-

terminal end, it is able to bind to the viral genome in the terminal repeat (TR) region at three 

so-called LANA binding sites (LBS). With its N-terminal end, it binds to the histones H2A and 

H2B.[14; 16] The internal repeat regions is considered to exert additional functions, which 

are  not  fully  elucidated,  yet.  By  this  means,  LANA  plays  an  essential  role  for  latent 

persistence of the virus.[17]

Figure 1: Illustration of the binding of LANA to the viral genome and to the histones of the cellular 

DNA highlighting the point-of-intervention of LANA-DNA-interaction inhibitors. TR = terminal repeats.

Since LANA acts as an oncoprotein, it contributes to the pathogenesis of KSVH-associated 

diseases.[18] Due to its central functions LANA my serve as an attractive point of-disease 

intervention for novel and specific antiviral drugs against KSHV. In the following paragraphs, 

we  summarize  published  studies,  which  attempt  to  address  this  innovative  target  by 

medicinal chemistry efforts.



2 LANA Inhibitors Targeting   the DNA-binding Domain (DBD)  

In the following sections, we summarize research dedicated to the discovery of LANA-DNA 

interaction inhibitors as anti-herpesviral agents. In general, the studies were based on two 

different methods: fragment-based screening as well as utilizing unique in-house libraries for 

screening.

Through  screening  of  two  different  fragment  libraries,  the  first  LANA-DNA  interaction 

inhibitors were identified. In parallel to medicinal chemistry-based optimization and enlarging 

of these compounds, a second screening campaign using an in-house library was carried 

out.  In  this  study,  three  structure  classes  were identified  that  showed suitable  inhibitory 

effects. The most promising representatives of the new structural classes were examined 

more closely for their binding and activity. Additionally, the first hit scaffold, discovered by the 

fragment-based  approach  offered  the  possibility  of  further  growth.  In  a  follow-up  study, 

optimization and enlargement of this compound class led to the most active inhibitor of the 

LANA-DNA interaction to date. Additionally, alternative fragment-sized hits were identified in 

another biophysical screening campaign.

The details on each of these drug discovery efforts are laid out in the following parts.



2.1 Identification of the First LANA-DNA Interaction Inhibitors

For the identification of the first compounds that bind to LANA, a fragment-based drug design 

concept was used. To this end, 720 compounds of two fragment libraries were screened 

using orthogonal biophysical methods as primary and secondary filters (see Figure 2).[19] In 

the first step, surface plasmon resonance (SPR) was used as a biophysical method to detect 

target protein binding. The aim was to identify LANA binders with a response of more than 

9 μ refractive index units.  As  secondary filter  differential  scanning fluorimetry  (DSF) was 

carried out. By this means, 20 compounds could be found with a thermal shift ≥ 0.5 °C and ≤ 

-1.0°C.[19] The advantages of  these assays are the high sensitivity  and the low protein 

consumption. In the last step, a fluorescence polarization (FP)-based assay was applied to 

select the compounds that are able to inhibit the LANA-DNA interaction. In this assay IC50 

values were determined.[19]

 
Figure 2: Procedure of the fragment-based drug design concept.

In the last step,  three hits were identified among which fragment  1 appeared to be very 

promising regarding molecular simplicity and synthetic accessibility. 

Screening of two fragment libraries
with 720 compounds

SPR Screening
52 positive

DSF Screening
20 positive

FP-
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3 hits



Figure 3: Structure of the fragment hit 1 and derivatives 2, 3 and 4.

Compound 1 (Figure 3) showed an inhibitory effect of 25 ± 9% (@ 1 mM) in the FP-based 

assay.[19] In terms of this rather small molecule, these were promising numbers.

A few derivatives were synthesized starting from fragment 1. It was found that the position of 

the amino group has no influence on the activity. Replacement of the amino group by other 

hydrophilic groups, however, showed improved activity. In particular, compound 2 (Figure 3), 

which  contains  a  carboxylic  group,  increased  the  activity  of  the  fragment  (IC50 value  of 

333 ± 59 μM (@ 1 mM).[19] Attaching a methyl group to the imidazole ring also showed an 

improvement in activity (derivative 3, Figure 3, inhibitory activity of 91 ± 8% (@ 1 mM) in FP-

based assay).[19] Based on this finding, it was to be assumed that the position of the methyl 

group appears to be a potential growth vector. Furthermore, triazole derivative 4, which had 

the carboxylic group in position 3 instead of 2 showed promising activity (inhibition 98 ± 1% 

@1 mM).[19] 

Figure 4: Structures of compound 5.

Taking  these  first  structure-activity  relationships  (SAR)  into  account,  a  second  array  of 

derivatives was designed. Notably, by replacing the imidazole with a triazole motif enabled to 

employ copper(I)-catalyzed alkyne azide cycloaddition (CuAAC) as a main synthetic step. 

This facilitated rapid assembly of various derivatives.  Enlarged derivatives were produced 

based on the assumed growth vector in the position of the methyl group in compound 3. The 

activity was greater when the carboxylic group is in the para position to the triazole ring. The 

best compound in this series was compound 5 (Figure 4) with an IC50 value of 232 ± 10 μM 

(@1 mM).[19] 



Hence,  the  carboxylic  group  was  kept  in  the  para position  in  the  further  synthesis  of 

derivatives and the substituents on the triazole ring were varied. Attaching an amino group in 

the para position on the eastern part of the molecule showed a strong improvement in activity 

(compound 6, Figure 5, IC50 value of 14 ± 1 μM @ 500 μM).[19] 

Figure 5: Structure of compound 6.

The next step was the synthesis of compounds harboring an “inverted” linker motif, where 

the orientation of the 1,4-disubstituted 1,2,3-triazole is reversed. In this case, the attachment 

of a pyridine ring on the eastern side of the molecule was very successful (compound 7, 

Figure 6). Compound 7 showed an IC50 value of 17 ± 1 μM in the FP-based assay being also 

active in a more demanding electrophoretic mobility shift assay (EMSA, IC50 value of 426 ± 2 

μM; inhibition of 83% @ 500 μM).[19] 

Figure 6: Structure of compound 7.

Additionally,  a  dissociation  constant  (KD)  was determined for  compound 7 by microscale 

thermophoresis (MST) showing a value of 23 ± 1 μM.[19] Both compounds 6 and 7 were 

good starting points for  hit-to-lead optimization,  because they possess appropriate ligand 

efficiencies  (LE) of 0.3 or higher. Furthermore, they show a low lipophilicity with calculated 

logP values below 3.[19] 



Executive Summary:

-Identification of the first LANA-DNA interaction inhibitors via fragment-based drug design

-Application of orthogonal biophysical methods such as surface plasmon resonance (SPR), 

differential scanning fluorimetry (DSF), and fluorescence polarization-based assay (FP)

-Establishment of structure-activity relationships (SAR)

-Exploitation  of  copper(I)-catalyzed  alkyne  azide  cycloaddition  (click  chemistry)  as  main 

synthetic step

-Most  promising  hit  compound  with  pyridine  on  eastern  side  (compound  7)  and  low 

micromolar  activity  (microscale  thermophoresis:  KD =  23  ±  1  μM and  fluorescence 

polarization: IC50 =  17 ± 1 μM) as well as activity in an electrophoretic mobility shift assay: 

( 83% inhibition at 500 µM)



2.2 Hit-to-lead Optimization of Triazole-based Hit

For the further enlargement of hit 7, Saturation-Transfer Difference (STD)-NMR was used to 

gain knowledge about the binding mode. The strongest effect in STD-NMR is observed for 

protons that are closest to the protein. This enabled to guide docking experiments delivering 

a rational for the design of further enlarged derivatives.[20] With these results, three growth 

vectors were identified on the pyridine ring of hit 7 (see Figure 7).

Figure 7: Identified growth vectors of hit 7.

Thus,  starting  from hit  7,  new compounds were synthesized which were enlarged in  the 

directions of the three growth vectors. 

Other substituents on the western part of hit 7 were also synthesised and tested. On the one 

hand, the carboxylic acid group was shifted to the meta position and, on the other hand, it 

was replaced by other substituents occupying the para position (chlorine, methyl ester, ethyl 

ester,  amide, methyl alcohol,  amine,  acetamide, nitrile).  Because all  of  these compounds 

were less active than hit  7, it was concluded that the carboxyl group in the para position is 

very important for binding to the target protein. Due to this fact, the carboxyl group was kept 

in the para position and only the right side of the molecule was optimized by further growth.

[20]

In Table 1 the most active compounds that were generated by enlarging hit 7 are shown.



Table 1: Most active derivatives 8-13 of further growth of hit 7.[20]

Residue R Number IC50 value (determined via 

FP-assay)

8 18 ± 4 µM

9 45 ± 5 µM

10 38 ± 3 µM

11 21 ± 3 µM

12 19 ± 1 µM

13 8 ± 1 µM

The growth in direction I (Figure 7) was accepted. Interestingly, large and bulky substituents 

resulted in highly active compounds. Hence, a beneficial steric ortho effect was assumed in 

these  cases.[20] Larger  residues  (e.g.  phenyl  groups),  which  contribute  to  preventing 

planarity between the triazole ring and the pyridine ring, might help to establish a better 

orientation  for  the  nitrogen  on the pyridine  to  undergo  hydrogen  bonding.  Changing  the 

position of the nitrogen in the pyridine ring from meta to para, lead to a loss in activity. This 



also supports the above-mentioned assumptions and shows the importance of nitrogen and 

its  position.  Among  those  compounds,  which  were  extended  only  in  growth  direction  I, 

derivative 8 was most active (Table 1, IC50 value of 18 ± 4 μM, 100% inhibition @ 500 μM in 

EMSA).[20] This is a significant improvement over hit compound 7.

The next compounds were synthesized in the direction of growth vector II. Compound 9 with 

a methyl group shown in Table 2 was the most active (IC50 value of 45 ± 5 μM in FP assay 

and 78% inhibition @500 μM in EMSA).[20] Simultaneous enlargement of hit scaffold 7 in 

directions  I and  II increased the activity additionally. Compound 10 (Table 1) has an IC50 

value of 38 ± 3 μM and 100% inhibition @500 μM in EMSA.[20] 

In the next step, the growth in direction III was investigated. In this case, good activity could 

only be achieved with large residues in position  III and with an additional methyl group in 

position  I.[20] Compound  11  (Table  1)  showed  promising  activity  bearing  this  kind  of 

substitutional motif (IC50 value of 21 ± 3 μM and 100% inhibition in EMSA).[20] 

Based on these results, even larger residues were introduced in direction III. Among them 

were  some  phenoxy  groups,  which  also  have  some  flexibility.  Compound  12 (Table  1) 

showed  the  best  activity  with  an  IC50 value  of  19  ±  1  μM in  the  FP-based  assay  and 

100% inhibition @500 μM in  EMSA.  The nitrogen  in  the  eastern  part  of  this  molecule  is 

shifted to the phenoxy group. In the case of other synthesized derivatives where this pyridine 

nitrogen was completely omitted a loss of activity was observed.[20] 

Due to the good activity of the disubstituted derivatives (like compound 10), opportunities to 

extend the substitutional load in the eastern part of the scaffold were further explored. As a 

result,  isoquinoline  analogues  were  discovered,  which  lead  to  highly  active  compounds. 

Compound 13 (Table 1) showed an IC50 value in the single-digit micromolar range (8 ± 1 μM) 

and complete inhibition in EMSA @ 500 µM.[20] 

The most active compounds  8-13 were further investigated using lower concentrations in 

EMSA (with multimerization-deficient LANA DBD mutant). Compounds 11,  12 and 13 were 

also very active at 250 μM. Using wild-type LANA protein and LBS1 for the EMSA set up, 

compound 13 was still active. A direct comparison between optimized compound 13 and hit 7 

shows a two-fold better activity in the FP assay and a seven-fold improved IC50 value in 

EMSA (60 ± 4 μM). Even at a concentration of 62.5 μM, it showed inhibition using an oligo  

comprising  all  three  LANA binding  sites.[20] This  novel  optimized derivative is  the  most 

effective LANA-DNA interaction inhibitor reported to date.

STD-NMR was carried out with 13 in order to be able to make statements about the further 

growth vectors and the binding orientation. It was confirmed through the experiment that the 

binding mode of compound 13 is similar to that of hit 7. The putative growth vectors for future 

optimization efforts are shown in Figure 8.



Figure 8: Identified growth vectors of hit 13.

Executive Summary:

-Growth  vector  identification  by  saturation  transfer  difference-NMR  and  successful 

exploitation by fragment-growing

-Key motives for activity: carboxylic acid group in para position on western part and nitrogen 

in meta position on eastern part

-Identification of most potent inhibitor to date (compound 13: IC50 = 8 ± 1 μM; 100% inhibition 

in EMSA)

-Isoquinoline analogues might benefit from steric ortho effect



2.3 Identification of novel hits by Fluorescence Polarization

As already mentioned in the overview, a second screening was applied in the research of 

new LANA-DNA inhibitors. For this purpose, an inhouse compound library of the Helmholtz 

Center  for  Infection  Research  (HZI)/Helmholtz  Institute  for  Pharmaceutical  Research  in 

Saarland (HIPS) was screened using a fluorescence polarization-based competition assay. 

The procedure is shown in Figure 9.

Figure 9: Procedure of the Fluorescence Polarization-based screening.

670 compounds were tested in the first step at a concentration of 100 µM. 86 compounds 

showed an inhibition of more than 50%. In the second step, these compounds were then 

tested  in  a  three-point  measurement  to  assess  dose-dependency  of  inhibition  at 

concentrations of 100 µM, 50 µM and 10 µM. By this means, nine compounds were identified 

as  potential  inhibitors  and IC50 values  for  disruption  of  the  protein-DNA interaction  were 

determined. These compounds could be divided into three different structural classes (A, B, 

C) (Figure 10).[21] 

HIPS library with 670 compounds

FP-Assay
86 positive

Dose-
depend

ent 
Screen

ing
9 hits



Figure 10: Structural classes A, B and C of identified LANA-DNA inhibitors.

Furthermore, SPR experiments were carried out to ensure interaction with the protein side of 

the  macromolecule-macromolecule  interface.  By  this  means,  non-specific  DNA  binding 

agents should be excluded.[21] The best inhibitor of each structural class (compounds 14, 15 

and 16) is shown in Table 2.

Table 2: Illustration of the best inhibitor of each structural class and its IC50 and KD value.[21]

Structure Structural 

class

Number IC50 value via 

FP-assay

KD value

A 14 24 ± 1 µM 131 µM

B 15 30 ± 2 µM 9-10 µM

C 16 11 ± 1 µM 9-10 µM

For structural class  A, compound  14 was selected as the most promising. This compound 

had the lowest IC50 value, the lowest molecular weight, it was the least structurally complex, 

and showed a good response in the SPR.

Compound  15 was the best compound of structural class  B. Although it did not show the 

highest activity in the FP assay, this compound was the most representative congener of this 



class comprising mainly benzamido benzoic acids. The IC50 value of this compound is still 

quite low (see Table 2). In addition, this compound also had the lowest molecular weight and 

good binding kinetics. Another advantage of this compound was its favourable solubility.

Structural class  C consists of only one compound (16). However, this showed a very high 

activity with an IC50 value of 11 ± 1 μM.[21] 

Compared to 14, compounds 15 and 16 showed a thirteen-fold higher affinity for LANA (KD 

values: see in Table 2).[21] 

In further tests, the three hits were tested for cytotoxicity. It was found that compound 16 has 

a high toxicity, while compounds  14 and  15 possessed only marginal toxicity.[21] For this 

reason, structural class C not considered for further evaluation despite its good activity.

Finally, STD-NMR was used to carry out competition experiments between the new structural 

classes A and B with the first LANA inhibitor 7. It turned out that the two new compounds 14 

and 15 can bind to the LANA protein at the same time as the inhibitor 7. From this, it can be 

concluded that the new compounds apparently interact with different binding sites on the 

LANA surface than the scaffold identified via the fragment-based drug design approach. For 

this  reason,  future  research  efforts  could  involve  attempts  to  establish  a  covalent  link 

between these different LANA inhibitors. By this means, a larger interaction interface could 

be covered on the protein surface leading to potentially increased affinity and efficacy.

Executive Summary:

-Search for alternate medicinal chemistry starting points by inhouse library screening

-Identification of nine hits of three structural classes

-STD-NMR for competition experiments of compound 14 and 15 with compound 7 reveal 

different binding sites for the new scaffolds as compared to the first LANA-DNA interaction 

inhibitor



2.4 Fragment Screening for Alternative Scaffolds by STD-NMR and SPR

In a fragment-based drug discovery (FBDD) campaign, Liebermann and co-workers aimed at 

the  identification  of  novel  binding  scaffolds  against  LANA  and  the  functionally  similar 

Epstein–Barr  nuclear  antigen  1  (EBNA1)  from  the  homonymous  virus  (EBV).[22] The 

biophysical screening cascade was based on the versatile and orthogonal STD-NMR and 

SPR methodologies, which have also been applied successfully earlier for FBDD.  [21; 19; 

20] By this means, a number of fragment hits with unique structures  were identified and 

subsequently  validated.  The  Liebermann  group  has  been  quite  successful  in  devising 

antiherpesviral agents against EBV through targeting EBNA1 and were able to optimize them 

further into candidates for preclinical development.[23] Notably, this homologous approach 

emphasizes the translational potential of targeting the LANA-DNA interaction.

The “rule-of-three” (Ro3)-compliant  fragment library comprised 1000 compounds and was 

screened completely by both methods, STD-NMR and SPR. In the former case, compounds 

were pooled into groups of  eight  and pools  showing  activity  in  the primary screen were 

further dissected in order to identify and validate the binding components. In the case of 

SPR-based screening, primary actives at the initial screening concentration (1 mM) were re-

evaluated by measuring their binding affinity as KD. The STD-NMR-based screen delivered 

39 fragments as  confirmed binders  while  the SPR methodology resulted in  36 validated 

scaffolds.  Nine  of  those  were  found  via  both  biophysical  methods.  The  most  affine  hits 

against LANA, however, were identified solely by SPR (Figure 11).



Figure 11: Structures of most affine fragment scaffolds identified in an alternative STD-NMR- and 
SPR-based screening with KD values ranging from 0.2 mM to 2 mM.[22]

Those new promising scaffolds need further investigation regarding their ability to disrupt the 

LANA-DNA interaction. Due to their fragment-sized structure and suitable physico-chemical 

properties  (Ro3)  they  provide  interesting  starting  points  for  structure-divergent  LANA-

targeting compounds. 

Executive Summary:

-A new recent fragment-based drug discovery campaign for LANA-DNA interaction inhibitors 

in parallel to EBNA-1 functionally similar Epstein–Barr nuclear antigen 1

-Design of a biophysical screening cascade involving versatile and orthogonal STD-NMR as 

well as SPR methodologies

-Successful identification of eleven fragment hits with suitable physico-chemical properties 

3 Conclusion  



The  search  for  novel  antiherpesviral  agents  remains  a  challenging,  yet,  important  task. 

Currently,  there  are  no  specific  anti-KSHV  therapies  available  and  treatment  relies  on 

marketed drugs such as Aciclovir, Valaciclovir or Foscarnet, which can ameliorate general 

symptoms caused by herpesviral  infections.  However,  these medications  are not  able  to 

disrupt latent persistence and, hence, are ineffective in clearing the virus from the host.[24; 

25] In other words, KSHV infections remain life-long conditions and cannot be cured. The 

approach of targeting a vital function of the LANA protein reviewed herein might provide a 

means  to  specifically  interfere  with  the  viral  life  cycle  and  to  eventually  overcome  this 

obstacle. The demonstrated druggability of the functionally similar EBNA1 protein from EBV 

underscores the potential of this innovative mode-of-action.[23] Nevertheless, it  has to  be 

stated that the studies on the generation of LANA-DNA-interaction inhibitors we highlight in 

this  review  are  in  the  early  to  very  early  drug  discovery  stages.  Certainly,  it  will  take 

continuous effort  to  propel  these projects  forward into  preclinical  development.  It  will  be 

interesting to see whether a successful translation of this approach into the clinics is possible 

in the future.

Finally,  it has to be mentioned that there are alternative concepts to target the prominent 

LANA protein of KSHV, which are not based on the competitive disruption of the LANA-DNA. 

These approaches directly or indirectly interfere with the function of this vital  protein and 

involve for example degradation of the LANA protein by inhibition of host DNA and RNA 

syntheses as well as application of Heat-shock protein 90 (Hsp90) inhibitors.[26; 27] Other 

concepts  rely  on interfering  with  post-translational  processing  through  inhibition  of  LANA 

neddylation  by  an  NEDD8-activating  enzyme  inhibitor  or  application  of  histone 

acetyltransferase (HAT) Tip60 inhibitors.[28; 29] Additionally, inhibitors of the LANA-SUMO2 

interaction  by  targeting  the SUMO2-interacting  motif  (SIM) within  LANA showed antiviral 

effects while  a Bromodomain and Extended Terminal  (BET) protein inhibitor  was able to 

reduce  the  binding  of  LANA with  KSHV TR.[30;  31] Finally,  also  inhibition  of  LANA  N-

terminus binding to Nucleosomes might be an option for the design of anti-KSHV drugs.[32]

In  conclusion,  exploring  the  options  to  interfere  with  LANA  function  appears  to  be  a 

worthwhile  endeavour.  Besides  mentioned  alternatives,  the  direct-acting  inhibitors  of  the 

LANA-DNA interaction described herein could be valuable starting points for the design and 

the discovery of future drugs.



4 Future Perspective  

The recent  progress  in  discovery  and  development  of  EBNA1-DNA interaction  inhibitors 

against  EBV  infections  highlights  the  perspective  of  the  described  approach  to  enable 

tackling the latent herpesviral lifecycle. The design and optimization of LANA-DNA interaction 

inhibitors  against  KSHV infections as described in  this  review is  certainly  a next  step to 

expand this principle to a broader range of herpesviruses. Future medicinal chemistry efforts 

will  focus  on  improving  potency  and  achieving  cellular  efficacy,  while  incorporating 

favourable pharmacokinetic and safety properties. The identified inhibitor scaffolds appear to 

be suitable starting points for extended lead generation and optimization efforts. However, 

exploration  of  additional  structure-divergent  classes  of  LANA-targeting  protein-DNA 

interaction inhibitors will help to reduce the risk of attrition when traversing the drug discovery 

and development continuum. The current state of research suggests that there is still a lot of 

medicinal chemistry effort necessary in order to translate LANA-targeting anti-KSHV agents 

into pre-clinical development.
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