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AbVWUacW 

NaWXUal killeU (NK) cell c\WoWo[iciW\ UeqXiUeV e[WenViYe c\WoVkeleWon Uemodeling and 

membUane UecepWoU UeoUgani]aWion aW Whe NK-WaUgeW cell immXne V\napVe (IS). The 

l\mphoc\We fXncWion±aVVociaWed anWigen (LFA)-1 accXmXlaWeV aW WhaW VWUXcWXUe, pla\ing 

a cenWUal Uole in NK-IS aVVembl\. The mechaniVmV XndeUl\ing LFA-1 accXmXlaWion aW 

Whe IS Uemain XncleaU. We foXnd WhaW AKAP350, a cenWUoVome/Golgi aVVociaWed pUoWein, 

enabled NK-c\Wol\Wic acWiYiW\ b\ faciliWaWing LFA-1 oUgani]aWion aW Whe IS. OXU UeVXlWV 

UeYealed Whe e[iVWence of an inWUacellXlaU pool of LFA-1 WhaW colocali]ed ZiWh Whe Golgi 

appaUaWXV, Zhich UediVWUibXWed Wo Whe IS pole in conWUol, bXW noW in cellV ZiWh decUeaVed 

e[pUeVVion oU locali]aWion of AKAP350 aW Whe Golgi appaUaWXV. SimilaUl\ Wo ZhaW ZaV 

deVcUibed in oWheU cellV, oXU UeVXlWV VhoZed WhaW NK cellV nXcleaWed micUoWXbXleV aW Whe 

Golgi appaUaWXV in an AKAP350-dependenW manneU. ConcomiWanWl\, AKAP350 

delocali]aWion fUom Whe Golgi appaUaWXV oU phaUmacological diVUXpWion of micUoWXbXle 

d\namicV oU Golgi inWegUiW\ impaiUed LFA-1 locali]aWion aW Whe IS. AlWogeWheU, oXU 

UeVXlWV XnYeil a noYel mechaniVm of LFA-1 UeoUgani]aWion UeleYanW foU NK-cell 

acWiYaWion, UeYealing Whe paUWicipaWion of Whe Golgi appaUaWXV in NK-l\Wic IS maWXUaWion. 
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InWUodXcWion 

NaWXUal killeU cellV (NK) aUe Whe c\Wol\Wic effecWoUV of Whe innaWe immXne V\VWem, Zhich 

conVWiWXWe Whe fiUVW line of immXnological defenVe and aUe paUWicXlaUl\ UeleYanW foU Whe 

eliminaWion of YiUal infecWed and neoplaVWic cellV. NK c\WoWo[ic effecWoU fXncWion UelieV 

on Whe foUmaWion of a Vpeciali]ed jXncWion ZiWh iWV WaUgeW cell, geneUall\ UefeUUed Wo aV 

immXne V\napVe (IS). The foUmaWion and maWXUaWion of NK-IS UeqXiUeV Whe paUWicipaWion 

of NK UecepWoUV, Vignalling molecXleV and c\WoVkeleWal elemenWV, Zhich accXmXlaWe in 

diVWincW UegionV ZiWhin Whe IS Wo foUm a VXpUamolecXlaU acWiYaWion clXVWeU (SMAC), 

diVWincWl\ oUgani]ed aW peUipheUal (pSMAC) and cenWUal (cSMAC) ]oneV (OUange, 

2008). The peUViVWenW oXWVide-in Vignaling geneUaWed b\ Whe inWeUacWion of NK acWiYaWing 

UecepWoUV ZiWh WheiU ligandV in Whe WaUgeW cell aW Whe IS, in a conWe[W of abVence of 

inhibiWoU\ VignalV, WUiggeUV a mXlWiVWep, highl\ UegXlaWed pUoceVV WhaW cXlminaWeV ZiWh Whe 

diUecWed VecUeWion of l\Wic molecXleV conWained in Vpeciali]ed l\VoVomeV (l\Wic gUanXleV) 

WhUoXgh Whe cSMAC inWo Whe WaUgeW cell (Mace eW al., 2014). The iniWial conWacW beWZeen 

NK and WaUgeW cellV ma\ inYolYe an\ of a nXmbeU of diffeUenW UecepWoUV, among Zhich 

Whe inWegUin leXkoc\We fXncWional anWigen (LFA)-1 iV of paUWicXlaU inWeUeVW. LFA-1 iV a 

heWeUodimeU conViVWing of ĮL (CD11a) and ȕ2 (CD18) chainV, Zhich iV eVVenWial foU Whe 

VWabili]aWion of Whe NK conWacW ZiWh Whe WaUgeW cell (Hoffmann eW al, 2011). In addiWion Wo 

mediaWing Whe WighW adheVion Wo WaUgeW cellV, LFA-1 conWUibXWeV Wo NK c\WoWo[ic UeVponVe 

b\ iniWiaWing Vignaling paWhZa\V WhaW pUomoWe l\Wic gUanXle conYeUgence Wo Whe 

cenWUoVome and l\Wic gUanXle/cenWUoVome polaUi]aWion WoZaUdV Whe IS (BaUbeU eW al., 

2004; BU\ceVon eW al., 2005). LFA-1 UeoUgani]aWion implieV confoUmaWional changeV WhaW 

lead Wo an acWiYaWed configXUaWion, aV Zell aV an incUeaVe in iWV locali]aWion aW Whe NK-

WaUgeW cell conWacW ViWe. The implicaWion of diffeUenW NK UecepWoUV and inWeUleXkinV in Whe 

inVide oXW Vignaling WhaW leadV Wo LFA-1 acWiYaWion haV been Zell eVWabliVhed (UUlaXb eW 
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al, 2017). NeYeUWheleVV,  Whe cellXlaU mechaniVmV XndeUl\ing Whe incUeaVe in LFA-1 

e[pUeVVion aW Whe IS in WhiV conWe[W Uemain XncleaU. 

A majoU mediaWoU of NK cell c\Wol\Wic acWiYiW\ iV Whe c\WoVkeleWon. In WhiV UegaUd, Whe 

Uole of acWin d\namicV on Whe maWXUaWion of Whe l\Wic IS haV been Zell eVWabliVhed 

(LagUXe el al, 2013). RegaUding Whe micUoWXbXle c\WoVkeleWon, iWV d\namicV dXUing NK 

acWiYaWion haV noW been WhoUoXghl\ anal\]ed and iW UemainV XncleaU ZheWheU Whe\ VeUYe 

an\ Uole oWheU Whan faciliWaWing Whe deliYeU\ of l\Wic gUanXleV Wo Whe V\napWic clefW (Chen 

eW al., 2006; SWinchcombe eW al., 2006). The A-kinaVe anchoUing pUoWein 350 

(AKAP350), alVo knoZn aV AKAP450, CG-NAP oU AKAP9, iV a cenWUoVome and Golgi 

appaUaWXV-Vcaffold pUoWein (SchmidW eW al, 1999) ZiWh a pUominenW Uole in micUoWXbXle 

Uemodeling: AKAP350 paUWicipaWeV in micUoWXbXle nXcleaWion (TakahaVhi eW al., 2002, 

RiYeUo eW al., 2009, KoloboYa eW al., 2019), in Whe UegXlaWion of micUoWXbXle gUoZWh 

(LaUocca eW., al 2006), in miWoWic Vpindle oUienWaWion (Almada eW al., 2017), and in 

cenWUoVome WUanVlocaWion in diffeUenW cell conWe[WV (RobleV ValeUo eW al., 2010, TonXcci 

eW al., 2015). The fiUVW VWXd\ in immXne cellV WhaW UeYealed AKAP350 paUWicipaWion in Whe 

UegXlaWion of WheiU effecWoU fXncWionV ZaV peUfoUmed in migUaWoU\ T cellV (El Din El 

HomaVan\ eW al., 2005). ThoVe VWXdieV demonVWUaWed WhaW Whe inWeUfeUence ZiWh 

AKAP350 fXncWion aW Whe cenWUoVome leadV Wo inhibiWion of LFA-1 indXced-cell 

migUaWion. LaWeU VWXdieV indicaWed WhaW, dXUing anWigen UecogniWion b\ T-cellV, AKAP350 

paUWicipaWeV in LFA-1 acWiYaWion and cenWUoVome WUanVlocaWion WoZaUdV Whe IS (RobleV 

ValeUo eW al., 2010). RegaUding Whe mechaniVmV inYolYed, Whe\ haYe noW been 

elXcidaWed.  

In Whe pUeVenW VWXd\ Ze anal\]ed AKAP350 paUWicipaWion in Whe deYelopmenW of NK 

c\WoWo[ic effecWoU fXncWion and chaUacWeUi]ed iWV Uole in micUoWXbXle c\WoVkeleWon 
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Uemodeling and LFA-1 UeoUgani]aWion aW Whe l\Wic IS. OXU UeVXlWV fXUWheU UeYeal a noYel 

Uole foU Whe Golgi appaUaWXV and iWV aVVociaWed micUoWXbXleV in NK l\Wic IS maWXUaWion.  

ReVXlWV 

1. AKAP350 locali]aWion aW Whe Golgi appaUaWXV in NK/YTS cellV iV Xp-UegXlaWed dXUing 

cell acWiYaWion  

To deWeUmine if AKAP350 coXld paUWicipaWe in NK c\WoWo[ic UeVponVe, Ze fiUVW 

eYalXaWed iWV e[pUeVVion in YTS immoUWali]ed NK cellV. WeVWeUn bloW anal\ViV of YTS 

cell-e[WUacWV confiUmed AKAP350 e[pUeVVion aW pUoWein leYel. ImmXnoflXoUeVcence 

anal\ViV of AKAP350 VWaining in UeVWing YTS cellV VhoZed WhaW AKAP350 colocali]ed 

ZiWh Ȗ-WXbXlin and GM-130, ZhaW iV indicaWiYe of AKAP350 locali]aWion aW Whe 

cenWUoVome and aW Whe Golgi appaUaWXV (FigXUe 1A, B fiUVW UoZ). KT86 cellV aUe deUiYed 

fUom K562 eU\WhUoleXkemia cellV and conVWiWXWe VXVcepWible WaUgeWV foU YTS cellV. The 

anal\ViV of YTS:KT86 conjXgaWeV indicaWed WhaW AKAP350 locali]aWion aW Whe 

cenWUoVome ZaV UedXced (-50%), ZheUeaV iWV locali]aWion aW Whe Golgi appaUaWXV ZaV 

incUeaVed (+44%) in acWiYaWed NK cellV (FigXUe 1A, B, Vecond UoZ). TheVe UeVXlWV 

VXggeVW WhaW NK cell acWiYaWion indXceV a paUWial WUanVlocaWion of AKAP350 fUom Whe 

cenWUoVome Wo Whe Golgi appaUaWXV. 

2. DecUeaVe of endogenoXV AKAP350 e[pUeVVion impaiUV NK c\Wol\Wic acWiYiW\ 

To anal\]e Whe impacW of AKAP350 e[pUeVVion in Whe deYelopmenW of NK c\Wol\Wic 

effecWoU fXncWion, Ze geneUaWed YTS cellV ZiWh decUeaVed AKAP350 e[pUeVVion 

(AKAP350KD) XVing a lenWiYiUal VhoUW haiUpin RNA e[pUeVVion V\VWem foU WaUgeWing 

WZo diffeUenW AKAP350 mRNA VeqXenceV, aV Ze haYe pUeYioXVl\ deVcUibed (TonXcci eW 

al., 2015).  WeVWeUn bloW anal\ViV of AKAP350 pUoWein leYelV VhoZed WhaW Whe 

e[pUeVVion of eiWheU VhRNA1 oU VhRNA4 efficienWl\ decUeaVed AKAP350 leYelV Wo leVV  
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Figure 1. AKAP350 localization in YTS cells. Isolated YTS cells or YTS:KT86 conjugates were stained and 
analyzed by confocal microscopy as described in Materials and Methods. A,B) Merge images show YTS cells 
(upper row) or YTS:KT86 conjugates (lower row) staining for AKAP350 (red) and Ȗ�WXEXOLQ (A) or GM130 (B) 
(green). Asterisk denotes YTS cells in YTS:KT86 conjugates. Bars represent the mean fraction of AKAP350 
fluorescence present at centrosomes (A) or at the Golgi apparatus (B)  in isolated or conjugated YTS cells, expressed 
as percentage of total $.$3����IOXRUHVFHQFH� Results are representative of three independent experiments. At least 
20 cells were analyzed for each experiment. Error bars reSUHVHQW�6(0��
S���������6FDOH�EDUV����ȝP�
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than 10% of control levels (Figure 2A). To assess AKAP350 participation in the 

formation in NK: target cell conjugates, control or AKAP350KD YTS cells were 

labeled with TrackerTM Deep Red and KT86 cells were labeled with CFSE. Cells were 

incubated at different NK:target cell ratios, for different periods, and the formation of 

cell conjugates positive for both fluorophores was analyzed by FACS. Our results 

showed that the decrease in AKAP350 expression did not elicit any evident effect in the 

initial adherence between NK and their susceptible target cells (Supplementary Figure 

1). In order to analyze NK cytolytic activity in those conditions, control and 

AKAP350KD YTS cells were incubated with CFSE-labeled KT86 cells and target cell 

lysis was analyzed by FACS analysis of propidium iodide stained cells (Figure 2B,C). 

Our results showed that the decrease in AKAP350 levels by expression of either 

shRNA1 or shRNA4 impaired NK cytolytic activity.  

Considering that lytic granule translocation towards the IS is an essential step in NK 

cytolytic response, lytic granule localization was evaluated in control and AKAP350KD 

YTS cells which were conjugated to CFSE-labeled KT86 target cells. The IS was 

defined as the region of YTS/KT86 contact delimited in the DIC channel, and perforin 

and γ-tubulin staining were used to identify lytic granules and the centrosome, 

respectively. The average distance between lytic granules and the IS was increased in 

AKAP350KD cells, thus indicating decreased lytic granule translocation to the IS in 

these cells (Figure 3A). Regarding the steps that lead to lytic granule translocation to the 

IS, both lytic granule convergence to the centrosome and centrosome translocation 

towards the IS were impaired, as denoted by the increased distance from lytic granules 

to the centrosome (Figure 3A) and from the centrosome to the IS in AKAP350KD cells 

(Figure 3B). Therefore, AKAP350 enables NK cytolytic function by participating in  
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Figure 2. Reduction of AKAP350 expression levels diminishes YTS cells' cytotoxicity. Two different specific 
shRNAs (shRNA1 and shRNA4) were used to generate YTS cells with decreased AKAP350 expression 
(AKAP350KD1 and AKAP350KD2, respectively), as described in Materials and methods. A) Western blot 
analysis of AKAP350 expression in control, AKAP350KD1 and AKAP350KD2 YTS cells. CDC42-interacting 
protein 4 (CIP4) was used as loading control. B,C) KT86 cells were stained with CFSE and mixed with YTS cells 
at effector: target ratios of 2:1 (B) or 10:1 (C). After the incubation period, cells were stained with PI and 
analyzed by flow cytometry.  YTS cytotoxic activity was estimated as the fraction of total CFSE positive events 
that were also positive for PI. Bars chart represents the mean percentage of double positive events for control, 
AKAP350KD1 and AKAP350KD2 cells, representative of three independent experiments. Error bars represent 
SEM. *p < 0.05.
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Figure 3. AKAP350 is required for lytic granule convergence and centrosome polarization during YTS 

cell-activation. Control and AKAP350KD YTS cells were incubated with CFSE labeled KT86 cells at a 

YTS:KT86 2:1 ratio. Cell conjugates were fixed, stained and analyzed by confocal microscopy. A) Merge 

LPDJHV�VKRZ�VWDLQLQJ�IRU�'$3,��EOXH���SHUIRULQ��F\DQ��DQG�Ȗ�WXEXOLQ��UHG���7KH�VHFRQG�DQG�WKLUG�FROXPQV�
show the localization of the centrosome, as delimited with an automatic selection tool, and the localization 

of the lytic granules centroids (second column) or the lytic granules area (third column), visualized using 

a specific image J tool, corresponding to the boxed cell from the first column.  Bars represent the mean 

area weighed distance (AWD) from the lytic granules to the IS or to the centrosome, calculated as 

described in Materials and methods. B) Merge images show staining DAPI (blue), AKAP350 (red) and 

Ȗ�WXEXOLQ��F\DQ���:KLWH�DUURZV�LQGLFDWH�WKH�SRVLWLRQ�RI�Ȗ�WXEXOLQ�ODEHOHG�FHQWURVRPHV�LQ�<76�FHOOV��%DUV�
represent the mean distance from the centrosome to the IS. Results are representative of four (A) or five 

(B) independent experiments. At least 30 conjugates were analyzed for each experiment. Error bars repre-
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UHJXODWRU\ HYHQWV WKDW OHDG WR O\WLF JUDQXOH FRQYHUJHQFH WR WKH FHQWURVRPH DQG 

WUDQVORFDWLRQ WR WKH IS. 

3. TKH GHFUHDVH LQ AKAP350 H[SUHVVLRQ LPSDLUV LFA-1 UHRUJDQL]DWLRQ DW WKH IS LQ 

DFWLYDWHG NK FHOOV 

AQDO\VLV RI <TS:KT86 FRQMXJDWHV PRUSKRORJ\ LQGLFDWHG WKDW WKH VXUIDFH RI LQWHUDFWLRQ 

EHWZHHQ ERWK FHOOV ZDV UHGXFHG LQ AKAP350KD FHOOV, ZKLFK ZDV YHULILHG E\ D 

UHGXFWLRQ LQ WKH IS DUHD WR 50% RI FRQWURO OHYHOV (S<0.01). CRQVLVWHQWO\, LFA-1 

DFFXPXODWLRQ DW WKH IS ZDV LPSDLUHG LQ AKAP350KD FHOOV (FLJXUH 4A). SLPLODUO\, 

LQKLELWLRQ RI LFA-1 UHRUJDQL]DWLRQ ZDV DOVR REVHUYHG LQ AKAP350KD FHOOV ZKHQ WKH\ 

ZHUH VSHFLILFDOO\ DFWLYDWHG ZLWK WKH LFA-1 OLJDQG ICAM-1 (FLJXUH 4B), WKXV VXJJHVWLQJ 

D GLUHFW HIIHFW RI AKAP350 RQ LFA-1 UHRUJDQL]DWLRQ. IQ DGGLWLRQ, WKH DQDO\VLV RI WKH 3D 

RUJDQL]DWLRQ RI WKH IS LQGLFDWHG WKDW, DV H[SHFWHG, LFA-1 FOXVWHUHG DW WKH SSMAC LQ 

FRQWURO FHOOV (V\DV HW DO, 2001), ZKHUHDV, LQ AKAP350KD FHOOV, LW ZDV KRPRJHQHRXVO\ 

GLVWULEXWHG (FLJXUH 4C). IW LV QRWHZRUWK\ WKDW, DV PHDVXUHG E\ ZHVWHUQ EORW DQG 

LPPXQRIOXRUHVFHQFH, QHLWKHU LFA-1 H[SUHVVLRQ QRU LWV ORFDOL]DWLRQ DW WKH SODVPD 

PHPEUDQH ZDV DIIHFWHG E\ WKH GHFUHDVH LQ AKAP350 H[SUHVVLRQ (GDWD QRW VKRZQ), ZKDW 

LV LQ OLQH ZLWK RXU UHVXOWV VKRZLQJ WKDW WKH GHFUHDVH LQ AKAP350 H[SUHVVLRQ GLG QRW 

HOLFLW DQ\ HYLGHQW GHIHFW RQ <TS FRQMXJDWLRQ WR KT86 FHOOV (SXSSOHPHQWDU\ FLJXUH 1).  

IQ RUGHU WR YHULI\ LI WKH LQKLELWLRQ RI O\WLF IS PDWXUDWLRQ LQ AKAP350KD FHOOV (FLJXUH 

3) ZDV DOVR REVHUYHG ZKHQ <TS FHOOV ZHUH H[FOXVLYHO\ DFWLYDWHG YLD LFA-1, ZH IXUWKHU 

DQDO\]HG O\WLF JUDQXOH FRQYHUJHQFH DQG FHQWURVRPH WUDQVORFDWLRQ WRZDUGV WKH DFWLYDWHG 

VXUIDFH LQ FHOOV VSHFLILFDOO\ DFWLYDWHG ZLWK ICAM-1. OXU UHVXOWV VKRZHG WKDW ERWK 

SURFHVVHV ZHUH LQKLELWHG LQ AKAP350KD FHOOV (FLJXUH 4D).  TKHVH UHVXOWV LQGLFDWH WKDW 

AKAP350 SDUWLFLSDWHV LQ LFA-1 UHFUXLWPHQW WR WKH O\WLF IS LQ NK FHOOV, DQG, 

FRQVLGHULQJ WKH UROH RI LFA-1 LQ DFWLYDWLQJ O\WLF JUDQXOH WUDQVORFDWLRQ WRZDUGV WKH IS  
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Figure 4. Reduction of AKAP350 expression levels results in defective LFA-1 organization at the IS. A) Control and 
AKAP350KD YTS cells were incubated with CFSE labeled KT86 cells at a 2:1 ratio. Merge images show 
YTS:KT86 conjugates staining for LFA-1 (red) and DAPI (blue). LFA-1 channel is shown in pseudocolor.  Bars 
represent the mean area positive for LFA-1 at the IS and the average intensity of LFA-1 fluorescence at the IS  relati-
ve to the average intensity of LFA-1 fluoresecence at the cell for four independent experiments. At least 30 conjugates 
were analyzed for each experiment. Error bars represent SEM. B) Control and AKAP350KD YTS cells were activa-
ted using coverslips coated with ICAM-1. Merge images show LFA-1 (green) and DAPI (blue) staining. LFA-1 
channel is also shown in pseudocolor. White dashed lines indicate the cell surface in contact with the coverslip. 
Bars represent the mean fraction of LFA-1 fluorescence located at the cell surface in contact with the ICAM-1 coated 
coverslip, expressed as percentage of total cell fluorescence representative of three independent  experiments. At least 
30 conjugates were analyzed for each experiment. Error bars represent SEM. C) Images show the X-Z projection of 
the IS region corresponding to control and AKAP50KD YTS cells. LFA-1 staining is shown in green and in pseudo-
color. Dashed lines denote the radius of the IS where LFA-1 and actin intensity of fluorescence were quantified. 
Charts represent the profile of intensity of fluorescence quantified for each channel, representative of at least ten IS 
analyzed in three independent experiments. D) Control and AKAP350KD YTS cells were activated using coverslips 
coated with ICAM-1. Merge images show a-tubulin (green), perforin (red) and DAPI (blue) staining. The second 
column shows the binarized image of the perforin channel, with the ROI corresponding to the centrosome indicated 
in green. Bars represent the mean distance between the lytic granules and the centrosome (first chart) or between the 
centrosome and the ICAM-1 coated surface, representative of three independent experiments. Scale bars, 5 +m 
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(BDUEHU HW DO., 2004, BU\FHVRQ HW DO., 2005), SURYLGH HYLGHQFH IRU WKDW PHFKDQLVP EHLQJ 

UHVSRQVLEOH IRU WKH GHIHFWLYH IS PDWXUDWLRQ DQG GHFUHDVHG O\WLF DFWLYLW\ REVHUYHG LQ 

AKAP350KD FHOOV.  

4. NK FHOOV H[SUHVV DQ LQWUDFHOOXODU SRRO RI LFA-1 WKDW SRODUL]HV WR WKH IS LQ DQ 

AKAP350 GHSHQGHQW PDQQHU 

7KH PHFKDQLVPV XQGHUO\LQJ LFA-1 DFFXPXODWLRQ DW WKH IS LQ NK FHOOV KDYH QRW EHHQ 

FODULILHG VR IDU. PUHYLRXV VWXGLHV LQ QDLYH CD8+ 7 FHOOV UHYHDOHG DQ LQWUDFHOOXODU SRRO RI 

LFA-1 WKDW FDQ WUDQVORFDWH WR WKH IS XSRQ 7 FHOO DFWLYDWLRQ (CDSHFH HW DO, 2017). 7R RXU 

NQRZOHGJH, WKHUH ZDV QR GDWD UHJDUGLQJ WKH SUHVHQFH RI D VLPLODU SRRO RI LFA-1 LQ NK 

FHOOV. OXU DQDO\VLV RI SHUPHDELOL]HG <7S FHOOV LQGLFDWHG WKH SUHVHQFH RI F\WRVROLF 

YHVLFOHV FRQWDLQLQJ LFA-1, ZKLFK SRODUL]HG WRZDUGV WKH IS LQ FRQWURO, EXW QRW LQ 

AKAP350 KD DFWLYDWHG FHOOV (FLJXUH 5A). SLPLODUO\ WR ZKDW ZDV GHVFULEHG LQ 7 FHOOV, 

LFA-1 YHVLFOHV SDUWLDOO\ FRORFDOL]HG ZLWK RDE11, LQGLFDWLQJ SDUWLDO DVVRFLDWLRQ ZLWK WKH 

UHF\FOLQJ HQGRVRPHV (FLJXUH 5B). MRUH LQWHUHVWLQJO\, ZH IRXQG D SURPLQHQW LFA-1 

FRORFDOL]DWLRQ ZLWK GM130 (FLJXUH 5C), ZKLFK VXJJHVWHG WKH SDUWLFLSDWLRQ RI WKH GROJL 

DSSDUDWXV LQ LFA-1 LQWUDFHOOXODU WUDIILFNLQJ. LFA-1 FRORFDOL]DWLRQ ZLWK GM130 RU ZLWK 

RDE11 ZDV QRW DIIHFWHG E\ WKH GHFUHDVH LQ AKAP350KD H[SUHVVLRQ, LQGLFDWLQJ WKDW WKH 

SUHVHQFH DQG WKH LGHQWLW\ RI WKH LQWUDFHOOXODU SRRO ZDV SUHVHUYHG LQ WKHVH FHOOV 

(SXSSOHPHQWDU\ ILJXUH 2). IQ RUGHU WR DVVHVV WKH LPSOLFDWLRQ RI WKH GROJL DSSDUDWXV LQ 

LFA-1 UHFUXLWPHQW WR WKH IS LQ DFWLYDWHG FHOOV, ZH DQDO\]HG LFA-1 ORFDOL]DWLRQ DW WKH IS 

LQ NK FHOOV WKDW ZHUH  SUH-WUHDWHG ZLWK BUHIHOGLQ A (BFA), D SKDUPDFRORJLF LQKLELWRU RI 

ADP-ULERV\ODWLRQ IDFWRUV WKDW OHDGV WR WKH FROODSVH RI WKH GROJL DQG LWV UHGLVWULEXWLRQ 

LQWR WKH ER (CKDUGLQ DQG MFCRUPLFN, 1999). AQDO\VLV RI LFA-1 GLVWULEXWLRQ DW WKH IS 

VKRZHG WKDW BFA-WUHDWPHQW LQKLELWHG LFA-1 DFFXPXODWLRQ DQG FOXVWHULQJ DW WKH 

SSMAC (FLJXUH 5D,E).  
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Figure 5. LFA-1 is expressed intracellularly and its redistribution to the IS is dependent on the integrity of the 

Golgi apparatus. A-C) Control (A-C) and AKAP350KD (A) YTS cells were incubated with KT86 cells at a 2:1 

ratio. Cell conjugates were fixed, stained and analyzed by confocal microscopy. A) Images show LFA-1 staining 

(grey scale) and the ROIs delimiting YTS cells and the individual LFA-1 vesicles in yellow.  Bars represent the 

mean difference between the average weighted distance (AWD) from the intracellular LFA-1 vesicles to the IS and 

the distance from the cell centroid to the IS, relativized to the latter, representative of three independent experi-

ments. At least 10 conjugates were analyzed for each experiment. Error bars represent SEM. B,C)  Merge images 

show staining for LFA-1 (green) and Rab11 (red, B) or GM130 (red, C) and the x,z orthogonal view of the boxed 

areas at the ordinate indicated with dashed lines. D-E) YTS cells were treated with brefeldin A (BFA) as described 

in Material and methods.  Control or BFA treated YTS cells were incubated with KT86 cells. D) Merge images 

show staining for LFA-1 (green) and GM130 (gray). LFA-1 channel is also shown in pseudocolor. Bars represent 

the mean fraction of LFA-1 fluorescence located at the IS, expressed as percentage of total cell fluorescence for 

the LFA-1 channel, representative of three independent experiments. At least 8 conjugates were analyzed for each 

experiment. Error bars represent SEM. E) Images show the x,z projection of the IS region corresponding to control 

and BFA treated YTS cells. Dashed lines denote the radius of the IS where LFA-1 intensity of fluorescence was 

quantified. Charts represent the intensity profile of fluorescence, representative of at least ten IS. Asterisks indicate 
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5. AKAP350 SDUWLFLSDWHV LQ PLFURWXEXOH QXFOHDWLRQ DW WKH GROJL DSSDUDWXV LQ DFWLYDWHG 

NK FHOOV  

PUHYLRXV VWXGLHV GHPRQVWUDWH WKDW AKAP350 PRGXODWHV PLFURWXEXOH QXFOHDWLRQ DW WKH 

GROJL DSSDUDWXV (RLYHUR HW DO, 2009; OULဨMFKHQQH\ HW DO, 2012; MDLD HW DO, 2013; 

TRQXFFL HW DO, 2018). AOWKRXJK WKH\ KDYH QRW EHHQ FKDUDFWHUL]HG LQ O\PSKRF\WHV, LQ 

GLIIHUHQW V\VWHPV GROJL GHULYHG PLFURWXEXOHV SDUWLFLSDWH LQ SRODUL]HG YHVLFOH WUDIILFNLQJ 

WRZDUGV VSHFLILF SODVPD PHPEUDQH GRPDLQV (UHYLHZHG LQ SDQGHUV DQG KDYHULQD, 2015). 

AQDO\VLV RI PLFURWXEXOH GLVWULEXWLRQ LQ FRQWURO DQG AKAP350KD <TS FHOOV LQGLFDWHG 

GLIIHUHQFHV UHJDUGLQJ PLFURWXEXOH-DVVRFLDWLRQ ZLWK WKH GROJL DSSDUDWXV (FLJXUH 6A). IQ 

RUGHU WR HOXFLGDWH LI WKRVH GLIIHUHQFHV FRXOG EH UHODWHG WR GLIIHUHQFHV LQ PLFURWXEXOH 

QXFOHDWLRQ, ZH ILUVW DQDO\]HG LI WKHUH ZDV PLFURWXEXOH QXFOHDWLRQ DW WKH GROJL DSSDUDWXV 

LQ <TS FHOOV, XVLQJ LFH UHFRYHU\ DVVD\V DV SUHYLRXVO\ GHVFULEHG (GULPDOGL HW DO, 2013). 

CHOOV ZHUH VHHGHG RQ FRYHUVOLSV FRDWHG ZLWK HLWKHU IJG RU ZLWK ICAM-1 DQG DQ 

DFWLYDWLQJ DQWL-CD28 DQWLERG\ IRU VLPXODWLQJ NK UHVWLQJ RU DFWLYDWLQJ FRQGLWLRQV, 

UHVSHFWLYHO\. MLFURWXEXOH GHSRO\PHUL]DWLRQ ZDV LQGXFHG E\ LFH LQFXEDWLRQ. OXU UHVXOWV 

VKRZHG WKDW, DIWHU 3 PLQ RI UHZDUPLQJ, PLFURWXEXOHV DVVRFLDWHG ZLWK WKH FHQWURVRPH 

DQG ZLWK WKH GROJL DSSDUDWXV ERWK LQ UHVWLQJ DQG LQ DFWLYDWHG <TS FHOOV (FLJXUH 6B) . 

:H IXUWKHU DQDO\]HG WKH UROH RI AKAP350 LQ PLFURWXEXOH QXFOHDWLRQ GXULQJ <TS FHOO 

DFWLYDWLRQ. AIWHU 7 PLQ RI UHZDUPLQJ, AKAP350KD FHOOV VKRZHG D VLJQLILFDQW 

UHGXFWLRQ LQ QHZO\ QXFOHDWHG PLFURWXEXOHV DW WKH GROJL DSSDUDWXV (FLJXUH 6C, XSSHU 

EDUV), ZKHUHDV QR GLIIHUHQFHV ZHUH REVHUYHG IRU FHQWURVRPH-DVVRFLDWHG PLFURWXEXOHV 

(FLJXUH 6C, ORZHU EDUV). SLPLODU UHVXOWV ZHUH REWDLQHG DW 3 PLQ RI UHFRYHU\ (QRW VKRZQ). 

CRQVLGHULQJ WKDW GROJL GHULYHG PLFURWXEXOHV VKRZ KLJK OHYHOV RI Į-WXEXOLQ DFHW\ODWLRQ, 

ZH DQDO\]HG WKH UHODWLYH OHYHOV RI DFHW\ODWHG Į-WXEXOLQ LQ FRQWURO DQG AKAP350KD 

<TS FHOO O\VDWHV E\ ZHVWHUQ EORW. IQ DFFRUGDQFH ZLWK WKH GHFUHDVH LQ GROJL GHULYHG  
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Figure 6. AKAP350 is essential for microtubules nucleation at the Golgi apparatus in activated YTS cells. A) Control 
and AKAP350KD YTS cells were activated for 30 minutes using coverslips coated with ICAM-1 and anti-CD28 
DQWLERG\��0HUJH�LPDJHV�VKRZ�VWDLQLQJ�IRU�*0�����UHG��DQG�Į�WXEXOLQ��JUHHQ���%DU�FKDUWV�UHSUHVHQW�WKH�PHDQ�IUDFWLRQ�
RI�Į�WXEXOLQ�IOXRUHVFHQFH�WKDW�FRORFDOL]HG�ZLWK�*0�����H[SUHVVHG�DV�SHUFHQWDJH�RI�WRWDO�FHOO�IOXRUHVFHQFH��%��&RQWURO�
YTS cells were seeded on coverslips coated ICAM-1 and the activating anti-CD28 antibody (activating conditions) or 
with IgG (resting conditions) for 30 minutes and then subjected to ice recovery assay. C) Control or AKAP350KD YTS 
cells were activated on coverslips coated with ICAM-1 and the activating anti-CD28 antibody for 30 minutes and then 
VXEMHFWHG�WR�LFH�UHFRYHU\�DVVD\V��%��&��0HUJH�LPDJHV�VKRZ�VWDLQLQJ�IRU�*0�����UHG��DQG�Į�WXEXOLQ��JUHHQ���DQG�WKH�
RUWKRJRQDO�YLHZV�RI�WKH�[�]�UHVOLFH�DW�WKH�RUGLQDWH�OHYHO�LQGLFDWHG�ZLWK�GDVKHG�OLQHV��IRU�FHOOV�IL[HG�DW���PLQ��%��RU���PLQ�
�&��RI�UHFRYHU\��7KH�LQVHWV�VKRZ�D�KLJKHU�DPSOLILFDWLRQ�RI�WKH�ER[HG�DUHDV��IRU�EHWWHU�YLVXDOL]DWLRQ�RI�PLFURWXEXOH�DVVR-
FLDWLRQ�WR�WKH�*ROJL�DSSDUDWXV��%DU�FKDUWV�UHSUHVHQW�WKH�PHDQ�IUDFWLRQ�RI�Į�WXEXOLQ�IOXRUHVFHQFH�DVVRFLDWHG�WR�HDFK�RUJD-
QHOOH��H[SUHVVHG�DV�SHUFHQWDJH�RI�WRWDO�FHOO�IOXRUHVFHQFH�IRU�WKH�Į�WXEXOLQ�FKDQQHO��%�&��DQG�WKH�PHDQ�QXPEHU�RI�PLFUR-
WXEXOHV�GHULYHG�IURP�WKH�FHQWURVRPH�RU�IURP�WKH�*ROJL�DSSDUDWXV��&���UHSUHVHQWDWLYH�RI�WKUHH�LQGHSHQGHQW�H[SHULPHQWV��
$W�OHDVW����FHOOV�ZHUH�DQDO\]HG�IRU�HDFK�H[SHULPHQW��(UURU�EDUV�UHSUHVHQW�6(0��6FDOH�EDUV����ȝP��
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PLFURWXEXOHV, WKH GHFUHDVH LQ AKAP350 H[SUHVVLRQ ZDV DVVRFLDWHG ZLWK D GHFUHDVH LQ 

WKH OHYHOV RI DFHW\ODWHG Į-WXEXOLQ LQ <76 FHOOV (6XSSOHPHQWDU\ FLJXUH 3A). 

6. AKAP350 DVVRFLDWLRQ WR WKH GA LV HVVHQWLDO IRU I6 PDWXUDWLRQ LQ NK FHOOV 

7R VSHFLILFDOO\ H[DPLQH WKH UHOHYDQFH RI GROJL DVVRFLDWHG AKAP350 LQ WKH PDWXUDWLRQ 

RI NK O\WLF I6, ZH SUHSDUHG <76 FHOOV ZLWK VWDEOH H[SUHVVLRQ RI AKAP350(1-1229) 

(AKAP350GBD) GRPDLQ, ZKLFK DFWV DV D GRPLQDQW QHJDWLYH FRQVWUXFW WKDW GLVSODFHV 

WKH SURWHLQ IURP WKH GROJL DSSDUDWXV, LQKLELWLQJ PLFURWXEXOH QXFOHDWLRQ DW WKLV RUJDQHOOH 

(HXUWDGR HW DO 2011). 7KH DQDO\VLV RI AKAP350 FRORFDOL]DWLRQ ZLWK GM130 FRQILUPHG 

WKDW AKAP350 ORFDOL]DWLRQ DW WKH GROJL DSSDUDWXV ZDV VLJQLILFDQWO\ GHFUHDVHG LQ 

AKAP350GBD FHOOV (6XSSOHPHQWDU\ FLJXUH 4). IQ DFFRUGDQFH ZLWK WKH FRUUHODWLRQ 

EHWZHHQ LPSDLUHG GROJL QXFOHDWLRQ RI PLFURWXEXOHV DQG GHFUHDVHG OHYHOV RI DFHW\ODWHG 

GHVFULEHG IRU AKAP350KD FHOOV (FLJXUH 6 DQG 6XSSOHPHQWDU\ FLJXUH 3A), UHODWLYH 

OHYHOV RI DFHW\ODWHG Į-WXEXOLQ ZHUH GHFUHDVHG LQ AKAP350GBD FHOOV (6XSSOHPHQWDU\ 

ILJXUH 3B). 7KH DQDO\VLV RI WKH LQWUDFHOOXODU SRRO RI LFA-1 VKRZHG WKDW, ZKHUHDV LFA-1 

FRORFDOL]DWLRQ ZLWK GM130 ZDV SUHVHUYHG LQ AKAP350GBD FHOOV (FLJXUH 7A), LWV 

GLVWULEXWLRQ WRZDUGV WKH I6 ZDV VHYHUHO\ LPSDLUHG LQ WKRVH FHOOV (FLJXUH 7B). 

CRQFRPLWDQWO\, LFA-1 DFFXPXODWLRQ DQG RUJDQL]DWLRQ DW WKH I6 ZDV FRPSURPLVHG LQ 

AKAP350GBD FHOOV (FLJXUH 7C,D). OYHUDOO, WKLV VHW RI GDWD FRQILUPHG WKH GLUHFW 

LQYROYHPHQW RI WKH GROJL DSSDUDWXV DQG, VSHFLILFDOO\, LWV DVVRFLDWHG AKAP350 LQ LFA-1 

RUJDQL]DWLRQ DW WKH I6 GXULQJ NK FHOO-DFWLYDWLRQ DQG JDYH VWURQJ HYLGHQFH VXSSRUWLQJ D 

UROH IRU GROJL GHULYHG PLFURWXEXOHV LQ WKLV PHFKDQLVP. 

7. MLFURWXEXOH F\WRVNHOHWRQ LQWHJULW\ LV QHFHVVDU\ IRU LFA-1 RUJDQL]DWLRQ DW WKH I6  

EYHQ WKRXJK WKH HIIHFWV RI PLFURWXEXOH WDUJHWLQJ DJHQWV RQ NK FHOOV F\WRWR[LFLW\ KDYH 

EHHQ GHVFULEHG (KDW] HW DO., 1982; FRQJ HW DO., 2019), DQG WKH UROH RI PLFURWXEXOHV DV 

WUDFNV WKDW GLUHFW O\WLF JUDQXOH WUDQVORFDWLRQ WRZDUGV WKH I6 KDV EHHQ FKDUDFWHUL]HG (CKHQ  
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HW aO., 2006; SWLQcKcRPbH HW aO., 2006), PLcURWXbXOH SaUWLcLSaWLRQ LQ WKH LQLWLaO HYHQWV 

WKaW cRQGLWLRQ WKH PaWXUaWLRQ RI NK O\WLc IS KaV QRW bHHQ WKRURXJKO\ HYaOXaWHG. IQ RUGHU 

WR YHULI\ LI AKAP350 GHSHQGHQW LFA-1 UHcUXLWPHQW WR WKH IS cRXOG bH UHOaWHG WR 

AKAP350 UROH LQ WKH PRGXOaWLRQ RI PLcURWXbXOH G\QaPLcV, ZH aQaO\]HG LI PLcURWXbXOH 

LQWHJULW\ ZaV UHTXLUHG IRU LFA-1 accXPXOaWLRQ aW WKH IS. WH IRXQG WKaW bRWK cROG-

LQGXcHG PLcURWXbXOH GHSRO\PHUL]aWLRQ LQ WKH SUHVHQcH RI NRcRGa]ROH RU VXSSUHVVLRQ RI 

PLcURWXbXOH G\QaPLc LQVWabLOLW\ ZLWK Ta[RO LQKLbLWHG LFA-1 accXPXOaWLRQ aQG 

GLVWULbXWLRQ aW WKH IS (FLJXUH 8). IW LV QRWHZRUWK\ WKaW, LQ WKH VaPH cRQGLWLRQV, WKH 

UHRUJaQL]aWLRQ RI WKH acWLQ c\WRVNHOHWRQ aW WKH IS ZaV SUHVHUYHG. 

 

Discussion 

NK cHOO c\WRWR[LcLW\ UHTXLUHV H[WHQVLYH c\WRVNHOHWRQ UHPRGHOLQJ aQG UHcHSWRU 

UHRUJaQL]aWLRQ aW WKH IS. LFA-1 cOXVWHULQJ aW WKH IS LV cHQWUaO, QRW RQO\ IRU WKH 

cRQVROLGaWLRQ RI NK aGKHVLRQ WR WaUJHW cHOOV, bXW aOVR IRU WKH acWLYaWLRQ RI VLJQaOOLQJ 

SaWKZa\V WKaW OHaG WR O\WLc JUaQXOH WUaQVORcaWLRQ WRZaUGV WKH IS (BaUbHU HW aO., 2004; 

BU\cHVRQ HW aO., 2005). EYHQ WKRXJK PaQ\ VWXGLHV KaYH cRQWULbXWHG WR cOaULI\ WKH 

VLJQaOOLQJ SaWKZa\V WKaW SURPRWH LFA-1 cRQIRUPaWLRQaO acWLYaWLRQ GXULQJ NK 

LQWHUacWLRQ ZLWK VHQVLWLYH WaUJHW cHOOV, WKH PHcKaQLVPV OHaGLQJ WR LFA-1 accXPXOaWLRQ aW 

WKH IS aW WKHVH cHOOV KaYH QRW bHHQ HOXcLGaWHG VR IaU. IQ WKH SUHVHQW VWXG\, ZH SURYLGH 

HYLGHQcH WKaW AKAP350 SaUWLcLSaWHV LQ NK c\WRO\WLc acWLYLW\ b\ IacLOLWaWLQJ LFA-1 

UHcUXLWPHQW WR WKH O\WLc IS aQG, WKHUHIRUH, IS PaWXUaWLRQ. RHJaUGLQJ WKH PHcKaQLVPV 

LQYROYHG, RXU VWXG\ UHYHaOHG WKH SUHVHQcH RI aQ LQWUacHOOXOaU SRRO RI LFA-1 WKaW 

SROaUL]HV WR WKH IS LQ aQ AKAP350 PaQQHU, aQG SURYLGHV HYLGHQcH VXSSRUWLQJ a cHQWUaO 

UROH IRU WKH GROJL aSSaUaWXV aQG LWV GHULYHG PLcURWXbXOHV LQ LFA-1 SROaUL]aWLRQ aQG 

RUJaQL]aWLRQ aW WKH IS. 
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OXU fiQdiQgV VhRZ WhaW Whe decUeaVe iQ AKAP350 e[SUeVViRQ OeadV WR decUeaVed NK 

c\WRO\Wic acWiYiW\, Zhich iV aVVRciaWed ZiWh defecWiYe LFA-1 UecUXiWPeQW WR Whe IS aQd 

cRQcRPiWaQW iQhibiWiRQ Rf O\Wic gUaQXOeV WUaQVORcaWiRQ WR Whe IS. MRVW Rf Whe iQfRUPaWiRQ 

UegaUdiQg LFA-1 UediVWUibXWiRQ aW Whe ceOO VXUface RUigiQaWed iQ VWXdieV SeUfRUPed iQ T 

ceOOV. The cOaVVicaO PRdeO SURSRVeV WhaW cRQfRUPaWiRQaO/OigaQd iQdXced UegXOaWiRQ Rf 

LFA-1 OaWeUaO PRWiOiW\ caQ accRXQW fRU acWiQ-deSeQdeQW LFA-1 accXPXOaWiRQ aW Whe IS 

(CaiUR eW aO., 2006).  MRUe UeceQWO\, KiP aQd cRO. ideQWified a QRYeO iQWUaceOOXOaU LFA-1 

SRRO, Zhich acWiYeO\ UediVWUibXWeV WR Whe VXUface Rf T ceOO:WaUgeW ceOO iQWeUacWiRQ XSRQ 

aQWigeQ VWiPXOaWiRQ (CaSece eW aO., 2017). IQ Whe VaPe OiQe Rf eYideQce, SUeYiRXV VWXdieV 

SeUfRUPed iQ PigUaWiQg T ceOOV iQdicaWed WhaW LFA-1-deSeQdeQW PigUaWiRQ decUeaVeV 

ZheQ iQWUaceOOXOaU YeVicOe WUaQVSRUW iV bORcNed, WhXV UeYeaOiQg Whe UeOeYaQce Rf aQ 

iQWUaceOOXOaU SRRO Rf LFA-1 iQ Whe UegXOaWiRQ Rf LFA-1 RUgaQi]aWiRQ aW Whe SOaVPa 

PePbUaQe (SWaQOe\ eW aO., 2012). The chaUacWeUi]aWiRQ Rf WhaW iQWUaceOOXOaU SRRO iQ T ceOOV 

VhRZed WhaW iW aVVRciaWeV ZiWh eaUO\ eQdRVRPeV aQd ZiWh Uec\cOiQg eQdRVRPeV (OQg eW 

aO., 2014; SaPXeOVVRQ eW aO., 2017). OXU UeVXOWV iQ NK ceOOV iQdicaWe Whe SUeVeQce Rf aQ 

iQWUaceOOXOaU SRRO Rf LFA-1, WhaW ZaV SROaUi]ed WRZaUdV Whe IS iQ cRQWURO bXW QRW iQ 

AKAP350 KD ceOOV. IQWeUeVWiQgO\, beVideV VhRZiQg VRPe ideQWiW\ ZiWh Whe Uec\cOiQg 

eQdRVRPeV, WhaW SRRO Rf LFA-1 SRViWiYe YeVicOeV VhRZ a SURPiQeQW aVVRciaWiRQ ZiWh Whe 

GROgi aSSaUaWXV, VXggeVWiQg WhaW WhiV RUgaQeOOe cRXOd UegXOaWe LFA-1 WUafficNiQg WR Whe 

IS iQ NK ceOOV. ReceQW VWXdieV SeUfRUPed iQ T ceOOV dePRQVWUaWed WhaW Whe GROgi 

aSSaUaWXV UegXOaWeV Whe WZR Za\ YeVicOe WUafficNiQg WR Whe IS Rf VigQaOiQg SURWeiQV WhaW 

aUe eVVeQWiaO fRU IS PaWXUaWiRQ, WhXV UeYeaOiQg Whe SaUWiciSaWiRQ Rf Whe GROgi aSSaUaWXV iQ 

IS PaWXUaWiRQ iQ WhRVe ceOOV (CaUSieU eW aO., 2018). EYeQ WhRXgh iW iV ZeOO eVWabOiVhed WhaW 

Whe GROgi aSSaUaWXV WUaQVORcaWeV WR Whe IS dXUiQg NK O\Wic UeVSRQVe (KXSfeU eW aO., 

1983), WR RXU NQRZOedge, Whe UROe Rf WhiV RUgaQeOOe iQ Whe deYeORSPeQW Rf NK O\Wic IS 
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haV QRW beeQ e[aPiQed VR faU. IQWeUeVWiQgO\, RXU UeVXOWV VhRZed WhaW BFA WUeaWPeQW 

iPSaiUV LFA-1 accXPXOaWiRQ aW Whe IS, VXSSRUWiQg RXU h\SRWheViV WhaW Whe GROgi 

aSSaUaWXV UegXOaWeV LFA-1 WUaffic WR Whe IS aQd SURYidiQg eYideQce, fRU Whe fiUVW WiPe, fRU 

Whe SaUWiciSaWiRQ Rf Whe GROgi aSSaUaWXV iQ LFA-1 RUgaQi]aWiRQ aW Whe IS iQ NK ceOOV.  

CRQVideUiQg Whe UeVXOWV diVcXVVed abRYe aQd Whe facW WhaW, iQ NK ceOOV cRQjXgaWed WR 

VXVceSWibOe WaUgeWV, AKAP350 iV SaUWicXOaUO\ eQUiched aW Whe GROgi aSSaUaWXV, Ze 

aQaO\]ed if WheUe ZaV a VSecific UROe Rf AKAP350 aW WhiV RUgaQeOOe. We fRXQd WhaW 

AKAP350 deORcaOi]aWiRQ fURP Whe GROgi aSSaUaWXV iQhibiWV LFA-1 accXPXOaWiRQ aQd 

cOXVWeUiQg aW Whe IS, UaWif\iQg Whe UROe Rf Whe GROgi aSSaUaWXV iQ IS PaWXUaWiRQ aQd 

XQdeUVcRUiQg Whe UeOeYaQce Rf AKAP350 ORcaWiRQ aW WhiV RUgaQeOOe fRU Whe deYeORSPeQW 

Rf NK O\Wic IS. The SUeVeQce Rf AKAP350 aW Whe GROgi aSSaUaWXV haV beeQ PaiQO\ 

aVVRciaWed ZiWh Whe UROe Rf WhiV RUgaQeOOe iQ PicURWXbXOe QXcOeaWiRQ (RiYeUR eW aO, 2009, 

OUiဨMcKeQQe\ eW aO, 2012; Maia eW aO, 2013, TRQXcci eW aO, 2018). IQ iPPXQe ceOOV, 

PicURWXbXOe QXcOeaWiRQ haV beeQ W\SicaOO\ aWWUibXWed WR Whe ceQWURVRPe, Zhich, iQ facW, iV 

cRPPRQO\ deQRWed aV Whe ³PicURWXbXOe RUgaQi]iQg ceQWeU´ (MTOC). We fRXQd WhaW NK 

ceOOV QXcOeaWe PicURWXbXOeV bRWh aW Whe ceQWURVRPe aQd aW Whe GROgi aSSaUaWXV aQd WhaW 

Whe decUeaVe iQ AKAP350 e[SUeVViRQ VSecificaOO\ iQhibiWV PicURWXbXOe QXcOeaWiRQ aW Whe 

GROgi. ThRVe UeVXOWV aUe iQ agUeePeQW ZiWh SUeYiRXV VWXdieV WhaW VhRZed WhaW Whe 

decUeaVe iQ AKAP350 e[SUeVViRQ iQhibiWV PicURWXbXOe QXcOeaWiRQ aW Whe GROgi, ZiWhRXW 

haYiQg aQ eYideQW iPSacW RQ ceQWURVRPaO QXcOeaWiRQ Rf PicURWXbXOeV (LaURcca eW aO, 

2006; RiYeUR eW aO, 2009; TRQXcci eW aO, 2018). GROgi-deUiYed PicURWXbXOeV aUe 

SaUWicXOaUO\ VWabOe, Zhich cRUUeOaWeV ZiWh WheiU eQUichPeQW iQ SRVW-WUaQVOaWiRQaOO\ 

PRdified WXbXOiQ (UeYieZed iQ SaQdeUV aQd KaYeUiQa, 2015). IQ facW, Whe VWXd\ WhaW fiUVW 

chaUacWeUi]ed Whe GROgi aSSaUaWXV aV a MTOC VhRZed WhaW GROgi-QXcOeaWed 

PicURWXbXOeV becRPe UaSidO\ aceW\OaWed (ChabiQ-BUiRQ eW aO., 2001). A UeceQW VWXd\ iQ 
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PRWiOe T ceOOV VhRZed WhaW AKAP350 SaUWiciSaWeV iQ PicURWXbXOe QXcOeaWiRQ aW Whe 

ceQWURVRPe aQd aW e[WUa-ceQWURVRPaO QXcOeaWiRQ ceQWeUV (OQg eW aO., 2018).  AOWhRXgh 

WhiV VWXd\ did QRW ideQWif\ PicURWXbXOe QXcOeaWiRQ aW Whe GROgi, iW VhRZed WhaW Whe 

decUeaVe iQ AKAP350 e[SUeVViRQ Oed WR decUeaVed OeYeOV Rf aceW\OaWed Į-WXbXOiQ. IQ OiQe 

ZiWh WhRVe VWXdieV, Ze fRXQd WhaW eiWheU Whe decUeaVe iQ AKAP350 e[SUeVViRQ RU iWV 

deORcaOi]aWiRQ fURP Whe GROgi aSSaUaWXV eOiciWed a decUeaVe iQ aceW\OaWed Į-WXbXOiQ 

OeYeOV, WhXV VXSSRUWiQg AKAP350 SaUWiciSaWiRQ iQ Whe RUgaQi]aWiRQ Rf a SRRO Rf GROgi 

aVVRciaWed-highO\ aceW\OaWed PicURWXbXOeV. DiffeUeQW VWXdieV iQdicaWe WhaW GROgi deUiYed 

PicURWXbXOeV VXSSRUW Whe diUecWiRQaOiW\ Rf GROgi aVVRciaWed SROaUi]ed WUafficNiQg 

(UeYieZed iQ SaQdeUV aQd KaYeUiQa, 2015). OXU UeVXOWV VhRZed WhaW, ViPiOaUO\ WR Whe 

decUeaVe iQ AKAP350 e[SUeVViRQ, AKAP350 deORcaOi]aWiRQ fURP Whe GROgi iQhibiWed 

LFA-1 YeVicOeV SROaUi]aWiRQ WRZaUdV Whe IS. CRQVideUiQg Whe UROe Rf AKAP350 iQ 

PicURWXbXOe QXcOeaWiRQ aW Whe GROgi, aQd Whe SaUWiciSaWiRQ Rf WhiV RUgaQeOOe iQ LFA-1 

RUgaQi]aWiRQ aW NK-IS, WhRVe UeVXOWV VXVWaiQ Whe SaUWiciSaWiRQ Rf GROgi deUiYed 

PicURWXbXOeV iQ LFA-1 diUecWiRQaO WUaffic WRZaUdV Whe IS. TR fXUWheU WeVW WhiV h\SRWheViV, 

Ze aVVeVVed Whe UROe Rf Whe PicURWXbXOe c\WRVNeOeWRQ iQ LFA-1 RUgaQi]aWiRQ aW Whe IS. 

We fRXQd WhaW OeYeOV Rf QRcRda]ROe WhaW acWXaOO\ iQhibiWV NK c\WRWR[iciW\ (KaW] eW aO., 

1982), iQdXce a defecW iQ LFA-1 RUgaQi]aWiRQ aW Whe IS. OUaQge eW aO haYe SUeYiRXVO\ 

dePRQVWUaWed WhaW ceOO-VXUface UeceSWRU accXPXOaWiRQ aW Whe acWiYaWiQg NK-IS ZaV QRW 

diVUXSWed ZiWh cROchiciQe (OUaQge eW aO., 2003). CROchiciQe aQd QRcRda]ROe haYe ViPiOaU 

PechaQiVPV Rf acWiRQ: bRWh dUXgV biQd WR Whe ȕ WXbXOiQ VXbXQiW bORcNiQg Į/ȕ 

heWeURdiPeUV SRO\PeUi]aWiRQ (FORUiaQ aQd MiWchiVRQ 2016). IQ RXU VWXd\, Ze 

addiWiRQaOO\ iQdXced PicURWXbXOe deSRO\PeUi]aWiRQ b\ ice iQcXbaWiRQ, Zhich OeadV WR a 

PRUe URbXVW diVUXSWiRQ Rf PicURWXbXOe iQWegUiW\ aQd Pa\ e[SOaiQ Whe diffeUeQW RXWcRPeV 

beWZeeQ bRWh e[SeUiPeQWaO VeWWiQgV. OXU UeVXOWV aOVR VhRZed WhaW PicURPROaU OeYeOV Rf 
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Whe PicURWXbXOe VWabiOi]iQg ageQW Ta[RO, Zhich iPSedeV PicURWXbXOe gURZiQg aQd 

VhRUWeQiQg eYeQWV (DeUU\ eW aO., 1995), aOVR iQhibiWed LFA-1 UeRUgaQi]aWiRQ aW Whe IS, 

SURYidiQg fXUWheU eYideQce WhaW PicURWXbXOe UePRdeOiQg iV eVVeQWiaO fRU WhiV SURceVV. IW iV 

QRWeZRUWh\ WhaW, iQ RXU VeWWiQgV, QeiWheU NRcRda]ROe QRU Ta[RO WUeaWPeQW affecW acWiQ 

accXPXOaWiRQ RU RUgaQi]aWiRQ, WhXV UXOiQg RXW WhaW Whe iQhibiWiRQ iQ LFA-1 RUgaQi]aWiRQ 

aW Whe IS cRXOd be VecRQdaU\ WR PicURWXbXOe effecWV RQ acWiQ RUgaQi]aWiRQ aW WhiV ViWe.  

SXPPaUi]iQg, Whe SUeVeQW VWXd\ UeYeaOV a QRYeO PechaQiVP WhaW cRQdiWiRQV LFA-1 

UeRUgaQi]aWiRQ aW Whe O\Wic IS ZiWh a diUecW iPSacW RQ NK effecWRU fXQcWiRQ, Zhich 

iQYROYeV AKAP350 aQd Whe GROgi aSSaUaWXV. The UeOeYaQce Rf a ViPiOaU PechaQiVP iQ 

Whe deYeORSPeQW Rf diffeUeQW W\SeV Rf IS RU iQ iPPXQe ceOOV PigUaWiRQ cRQVWiWXWeV aQ 

iQWeUeVWiQg PaWWeU fRU fXWXUe VWXdieV. 

 

MaWeUialV aQd meWhRdV 

NK aQd WaUgeW ceOO OiQeV 

The iPPRUWaOi]ed NK YTS ceOOV [DUe[OeU, aQd MaWVXR. 2000] aQd KT86 ceOOV, deUiYed 

fURP Whe MHC cOaVV I-QegaWiYe K562 eU\WhUROeXNePia ceOO OiQe VWabO\ e[SUeVViQg CD86 

[PaUU\ eW aO, 2003], XVed aV VXVceSWibOe WaUgeW ceOOV, ZeUe RbWaiQed fURP DU. JRUdaQ 

OUaQge Oab (Te[aV ChiOdUeQ¶V HRVSiWaO, HRXVWRQ, TX, USA). CeOOV ZeUe PaiQWaiQed iQ 

RPMI PediXP 1640 VXSSOePeQWed ZiWh 10% FBS, 1% L-gOXWaPiQe, 1% QRQ-eVVeQWiaOV 

aPiQR acidV aQd 1% VWUeSWRP\ciQ/aPSiciOOiQ Pi[WXUe aW 37� C aQd 5% CO2 aWPRVSheUe.  

IQ RUdeU WR SUeSaUe YTS ceOOV ZiWh UedXced e[SUeVViRQ Rf AKAP350 (AKAP350KD), 

Ze SURceeded aV Ze haYe deVcUibed SUeYiRXVO\ [TRQXcci eW aO., 2015]. CRQVWUXcWV ZeUe 

Pade b\ aQQeaOiQg aQd OigaWiQg ROigRQXcOeRWideV WaUgeWiQg WZR VSecific AKAP350 

VeTXeQceV (VhRNA1, 5ƍ-CCCAGCTCACTGCTAATTT-3ƍ; VhRNA4, 
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5ƍ-GCAAGAACTAGAACGAGAA-3ƍ) RU a VcUaPbOed cRQWURO iQWR Whe AgeI aQd EcRRI 

cORQiQg ViWeV Rf SLKO.1-SXUR YecWRU (deWaiOV aW hWWS://ZZZ.addgeQe.RUg). TheVe 

cRQVWUXcWV ZeUe VeTXeQced aQd XVed WR cR-WUaQVfecW hXPaQ ePbU\RQic NidQe\ 293 FT 

ceOOV ZiWh ViUaSRZeU OeQWiYiUaO SacNagiQg Pi[ (IQYiWURgeQ, CaUOVbad, CA). The Qe[W da\, 

WUaQVfecWiRQ cRPSOe[eV ZeUe UePRYed, aQd ceOOV ZeUe aOORZed WR SURdXce YiUXV fRU 24 h. 

Media cRQWaiQiQg YiUXVeV ZeUe cROOecWed aQd XVed WR diUecWO\ WUaQVdXce YTS ceOOV 

RYeUQighW. The ceOOV ZeUe WheQ aOORZed WR UecRYeU fRU 24 h aQd VXbjecWed WR SXURP\ciQ 

VeOecWiRQ (2 ȝg/PO) fRU 2 ZeeNV. SiOeQciQg ZaV cRQfiUPed b\ ZeVWeUQ bORWWiQg aQd 

iPPXQRfOXRUeVceQce aQaO\VeV. 

IQ RUdeU WR deORcaOi]e AKAP350 fURP Whe GROgi aSSaUaWXV, Whe QXcOeRWide VeTXeQce 

cRdif\iQg fRU AKAP350(1-1229) (AKAP350GBD) ZaV cORQed iQWR SIQdXceU20 YecWRU 

(deWaiOV aW hWWS://ZZZ.addgeQe.RUg). The OeQWiYiUaO SaUWicOeV ZeUe cRQVWUXcWed aV 

deVcUibed abRYe. TUaQVdXced YTS ceOOV ZeUe VXbjecWed WR G418 VeOecWiRQ (1 ȝg/PO) fRU 

WZR ZeeNV. AKAP350GBD e[SUeVViRQ ZaV iQdXced ZiWh DR[\c\cOiQe (2 ȝg/PO) 24 h 

befRUe Whe e[SeUiPeQWV. 

CFSE-baVed C\WRWR[ic aVVa\ 

IQ RUdeU WR deWeUPiQe Whe O\Wic caSaciW\ Rf YTS ceOOV, Ze SURceed aV deVcUibed [JedePa 

eW aO. 2004]. KT86 ceOOV ZeUe ZaVhed ZiWh PBS, UeVXVSeQded aW 2 [106 ceOOV/PL aQd 

OabeOed ZiWh 300 QM CFSE (BD HRUi]RQW) fRU 15 PiQ aW 37�C. The UeacWiRQ ZaV 

VWRSSed b\ Whe addiWiRQ Rf aQ eTXaO YROXPe Rf feWaO bRYiQe VeUXP (FCS), fROORZed b\ a 

2-PiQ iQcXbaWiRQ aW URRP WePSeUaWXUe. CFSE-OabeOed WaUgeW ceOOV ZeUe ZaVhed WZice 

aQd UeVXVSeQded iQ RPMI cRPSOeWe PediXP. The ceOO cRQceQWUaWiRQ ZaV adjXVWed WR 5 [ 

105 ceOOV/PL, aQd 100 �L/WXbe ZeUe SOaWed iQ ESSeQdRUf WXbeV. YTS ceOOV ZeUe added aW 

diffeUeQW effecWRU:WaUgeW UaWiRV. TXbeV ZeUe iQcXbaWed iQ a hXPidified aWPRVSheUe Rf 5% 

CO2 aQd 37�C fRU 3 hRXUV. FRU VWaiQiQg dead ceOOV, SURSidiXP iRdide (1 �g/PL) ZaV 
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added, aQd VaPSOeV ZeUe Pi[ed SURSeUO\ aQd diUecWO\ aQaO\]ed b\ fORZ c\WRPeWU\ XViQg 

a BD FACSAUia II fORZ c\WRPeWeU. 10000 eYeQWV ZeUe acTXiUed fRU each VaPSOe. 

DRXbOe SRViWiYe eYeQWV fRU CFSE aQd PI ZeUe cRQVideUed dead WaUgeW ceOOV. The 

SeUceQWage Rf VSecific O\ViV ZaV caOcXOaWed aV fROORZV: VSecific O\ViV (%) = [(DRXbOe 

SRViWiYe ceOOV - VSRQWaQeRXV dead ceOOV) / CFSE SRViWiYe ceOOV] [ 100. 

FACS-baVed cRQjXgaWiRQ aVVa\ 

YTS ceOOV ZeUe ZaVhed ZiWh PBS, UeVXVSeQded WR 1 [ 106 ceOOV/PO aQd OabeOed ZiWh 1.5 

PM CeOO TUacNeUTM DeeS Red (IQYiWURgeQ) fRU 20 PiQ aW 37� C. The UeacWiRQ ZaV 

VWRSSed b\ Whe addiWiRQ Rf aQ eTXaO Rf feWaO bRYiQe VeUXP, fROORZed b\ a 5 PiQ 

iQcXbaWiRQ aW URRP WePSeUaWXUe. AfWeU WZR ZaVheV ZiWh PBS, Whe YTS-OabeOed ceOOV 

ZeUe UeVXVSeQded iQ RPMI cRPSOeWe PediXP. TaUgeW ceOOV ZeUe OabeOed ZiWh 300 QM 

CFSE (BD HRUi]RQ) aV deVcUibed abRYe. CeOOV ZeUe cRPbiQed aW aQ effecWRU WR WaUgeW 

UaWiR Rf 2:1 RU 10:1 aQd iQcXbaWed aW 37� C fRU diffeUeQW SeUiRdV. The VaPSOeV ZeUe 

geQWO\ YRUWe[ed fRU 3 V aQd iPPediaWeO\ fi[ed ZiWh 2% SaUafRUPaOdeh\de (PFA). 

SaPSOeV ZeUe UXQ iQ WUiSOicaWeV aQd 50000 eYeQWV ZeUe cRXQWed fRU each UeSOicaWe. The 

fUeTXeQc\ Rf dRXbOe SRViWiYe eYeQWV ZaV deWeUPiQed ZiWhiQ Whe WRWaO ceOO SRSXOaWiRQ 

XViQg FORZJR VRfWZaUe. The fROORZiQg gaWiQg VWUaWeg\ ZaV XVed: FiUVW, ceOOV ZeUe gaWed 

WR e[cOXde debUiV. CRPSeQVaWiRQ adjXVWPeQWV ZeUe Pade RQ Whe gaWed SRSXOaWiRQ XViQg 

ViQgOe-SRViWiYe ceOOV VWaiQed fRU eiWheU CeOO TUacNeUTM DeeS Red RU CFSE. GaWeV ZeUe 

VeW WR diffeUeQWiaWe beWZeeQ Whe dRXbOe SRViWiYeV, UeSUeVeQWed iQ G2, fURP Whe ViQgOe 

SRViWiYeV aQd dRXbOe QegaWiYeV. The SeUceQWage Rf cRQjXgaWed ceOOV ZaV caOcXOaWed aV 

fROORZV: cRQjXgaWed ceOOV (%) = [DRXbOe SRViWiYe ceOOV / WRWaO ceOOV] [ 100. 

IPPXQRfOXRUeVceQce 

KT86 ZeUe OabeOed ZiWh 300 QM CFSE (BD HRUi]RQ) aV deVcUibed abRYe. CRQjXgaWeV 

beWZeeQ YTS ceOOV aQd KT86 aW a 2:1 UaWiR ZeUe eVWabOiVhed iQ VXVSeQViRQ fRU 15 PiQ aW 
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37 � C aQd adheUed WR SRO\-O\ViQe-cRaWed gOaVV VOideV (PRO\SUeS; SigPa-AOdUich) fRU 

addiWiRQaO 15 PiQ. IQ e[SeUiPeQWV eYaOXaWiQg NK ceOO acWiYaWiRQ b\ PeaQV Rf VSecific 

acWiYaWiQg UeceSWRUV, SRO\-O-O\ViQe cRaWed gOaVV VOideV ZeUe cRaWed b\ RYeUQighW 

iQcXbaWiRQ ZiWh aQWi-CD28 (5 ȝg/PL, BDbiRVcieQce 554121) aQd/RU ICAM-1 (5 ȝg/PL, 

BiROegeQd 552906) iQ PBS. SOideV ZeUe ZaVhed, aQd NK ceOOV ZeUe iQcXbaWed RQ Whe 

VOide fRU 30 PiQ aW 37 � C. NRQ adheUeQW ceOOV ZeUe ZaVhed aQd ceOOV adheUiQg WR Whe 

VOide ZeUe fi[ed ZiWh 4% PFA aW URRP WePSeUaWXUe RU PeWhaQRO aW -20� C. Fi[ed ceOOV 

ZeUe bORcNed ZiWh 1% bRYiQe VeUXP aObXPiQiQ/PBS, SH 7.4, fRU 10 PiQ. WheQ 

iQdicaWed, 0.3%TUiWRQ X-100 ZaV added WR Whe bXffeU WR eQhaQce ceOO SeUPeabiOi]aWiRQ. 

TheQ, Whe\ ZeUe iQcXbaWed fRU 2 h ZiWh PRXVe PRQRcORQaO aQWibRd\ aQWi-LFA-1 

(BiROegeQd 301202), aQWi-AKAP350 (SchPidW eW aO, 2001), aQWi-PeUfRUiQ (SaQWa CUX] 

SC-136994) RU aQWi-aOSha WXbXOiQ (SigPa T5168) aQd UabbiW PRQRcORQaO aQWibRd\ aQWi Ȗ-

WXbXOiQ (SigPa-T5192), aQWi-GM130 (AbcaP EP892Y) RU aQWi-RAB11 (AbcaP 

ab180504). The cRYeUVOiSV ZeUe ZaVhed, iQcXbaWed fRU 1 h ZiWh Whe VecRQdaU\ 

aQWibRdieV cRQjXgaWed WR AOe[a 488, AOe[a 560 RU AOe[a 633 RU ZiWh ShaOORidiQ-AOe[a 

568 (MROecXOaU SURbeV-A34055, 1:200) fRU acWiQ VWaiQiQg aQd ZiWh 4ƍ,6-diaPidiQR-2-

SheQ\OiQdROe (DAPI) aQd PRXQWed ZiWh PURLRQg (IQYiWURgeQ). FOXRUeVceQce ZaV 

deWecWed XViQg LSM880 cRQfRcaO ZiWh aQ ObVeUYeUZ1 iQYeUWed PicURVcRSe. SeUiaO 

RSWicaO 0.4 �P WhicN VecWiRQV ZeUe cROOecWed iQ Whe ]-a[iV. Z-VWacNV ZeUe bXiOW, aQd 

SURjecWiRQV ZeUe RbWaiQed XViQg IPageJ WRROV. IQ SUeSaUiQg Whe figXUeV, adjXVWPeQW iQ 

bUighWQeVV aQd cRQWUaVW ZeUe eTXaOO\ aSSOied WR Whe eQWiUe iPageV XViQg AdRbe 

PhRWRVhRS VRfWZaUe WR iPSURYe YiVXaOi]aWiRQ Rf fOXRUeVceQce. 

IPage aQaO\ViV 

L\Wic gUaQXOe cRQYeUgeQce aQd ceQWURVRPe aQd O\Wic gUaQXOe SROaUi]aWiRQ WRZaUdV Whe 

IS. YTS:KT86 cRQjXgaWeV ZeUe SeUPeabiOi]ed aQd VWaiQed ZiWh aQWi Ȗ-WXbXOiQ, SeUfRUiQ 
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aQd DAPI, fRU O\Wic gUaQXOeV, ceQWURVRPe aQd QXcOeXV ideQWificaWiRQ. The IS ZaV defiQed 

aV Whe ceOO WR ceOO cRQWacW UegiRQ ideQWified iQ Whe iPageV RbWaiQed b\ diffeUeQWiaO 

iQWeUfeUeQce PicURVcRS\ (DIC). The ceOO SeUiPeWeU Rf Whe YTS ceOO fRUPiQg Whe IS ZaV 

dUaZQ XViQg Whe VaPe iPageV. AW Whe [,\ SOaQe cRUUeVSRQdiQg WR Whe ceQWURVRPe ceQWeU, 

a WhUeVhROd ZaV VeW RQ Whe SeUfRUiQ RU Ȗ-WXbXOiQ chaQQeO WR defiQe Whe UeVSecWiYe PaVNV, 

Zhich ZeUe XVed WR aXWRPaWicaOO\ RXWOiQe Whe ceQWURVRPe RU Whe O\Wic gUaQXOe UegiRQV. 

The [,\ cRRUdiQaWe YaOXeV fRU Whe IS, Whe O\Wic gUaQXOeV, Whe ceQWURVRPe, aQd Whe ceOO 

ceQWURidV ZeUe deWeUPiQed XViQg Whe aSSURSUiaWe IPageJ WRRO aQd Whe diVWaQceV fURP Whe 

O\Wic gUaQXOeV, Whe ceQWURVRPe RU Whe ceOO ceQWURidV WR Whe IS ceQWURid, RU fURP Whe O\Wic 

gUaQXOeV WR Whe ceQWURVRPe ceQWURid ZeUe caOcXOaWed. IQ Whe caVe Rf O\Wic gUaQXOeV, aQ 

aYeUage aUea-ZeighWed diVWaQce (AWD) ZaV caOcXOaWed fRU each ceOO b\ aSSO\iQg a 

PRdified XVe Rf SheSaUd¶V MeWhRd (MeQWOiN eW aO, 2010), XViQg Whe fRUPXOa:  

𝐴𝑊𝐷 ൌ  ෍
௡

௜ୀଵ

𝑑𝑖 ×  ൥𝐴𝑖 ÷  ෍
௡

௜ୀଵ

𝐴𝑖൩
 

ZheUe 𝐴𝑖 iV Whe aUea Rf each SaUWicXOaU O\Wic gUaQXOe UegiRQ aQd 𝑑𝑖 iV Whe diVWaQce fURP 

WhiV SaUWicOe WR Whe IS RU Whe ceQWURVRPe. ThiV PRdificaWiRQ aOORZed ZeighWiQg Whe 

diVWaQceV b\ Whe aUea Rf each O\Wic gUaQXOe UegiRQ, Zhich iV iPSRUWaQW cRQVideUiQg WhaW, 

ZheQ Whe\ aUe cORVe WRgeWheU, cOXVWeUV Rf O\Wic gUaQXOeV cRXOd iQaSSURSUiaWeO\ be 

diVceUQed aV aQ iQdiYidXaO gUaQXOe Rf a OaUgeU aUea aQd, WheUefRUe, if a facWRU cRQVideUiQg 

each gUaQXOe aUea iV QRW XVed, WhRVe gUaQXOeV cRXOd be XQdeU-UeSUeVeQWed. AOWeUQaWiYeO\, 

fRU aQaO\ViV Rf O\Wic gUaQXOeV aQd ceQWURVRPe WUaQVORcaWiRQ dXUiQg VSecific LFA-1 

PediaWed acWiYaWiRQ, Whe VXUface Rf YTS iQWeUacWiRQ ZiWh ICAM-1 cRaWed VOideV ZaV 

cRQVideUed Whe IS ViWe, aQd Whe diVWaQce ZaV PeaVXUed aW Whe \,] SOaQe. AW OeaVW 30 ceOOV 

fURP WhUee iQdeSeQdeQW e[SeUiPeQWV ZeUe aQaO\]ed fRU each cRQdiWiRQ.  
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LFA-1-YeVicOeV SROaUi]aWiRQ WRZaUdV Whe IS. YTS:KT86 cRQjXgaWeV ZeUe SeUPeabiOi]ed 

aQd VWaiQed ZiWh aQWi LFA-1, fRU LFA-1 YeVicOeV ideQWificaWiRQ. The IS aQd Whe ceOO 

UegiRQV ZeUe defiQed iQ Whe DIC iPageV, aV e[SOaiQed abRYe. A WhUeVhROd ZaV VeW RQ Whe 

LFA-1 chaQQeO WR defiQe a PaVN, Zhich ZaV XVed WR aXWRPaWicaOO\ RXWOiQe UegiRQV 

cRUUeVSRQdiQg WR Whe LFA-1 YeVicOeV. The IS, LFA-1 YeVicOeV aQd Whe ceOO ceQWURid ZeUe 

deWeUPiQed XViQg Whe aSSURSUiaWe IPageJ WRRO aQd Whe diVWaQceV fURP Whe LFA-1 YeVicOeV 

RU Whe ceOO ceQWURidV WR Whe IS ceQWURid ZeUe caOcXOaWed. SiPiOaU WR ZhaW Ze e[SOaiQed 

abRYe fRU O\Wic gUaQXOeV, aQ aYeUage aUea-ZeighWed diVWaQce (AWD) ZaV caOcXOaWed fRU 

each ceOO.  

FRU LFA-1 accXPXOaWiRQ aW Whe IS, YTS ceOOV cRQjXgaWed ZiWh KT86 ceOOV ZeUe 

aQaO\]ed. We XVed DIC iPageV fRU IS aQd ceOO VeOecWiRQV aV Ze deVcUibe abRYe. We 

PeaVXUed aYeUage aQd WRWaO iQWeQViW\ Rf fOXRUeVceQce aW YTS IS aQd aW Whe ZhROe ceOO 

(T). The SeUceQWage Rf SURWeiQ accXPXOaWiRQ ZaV caOcXOaWed aV Whe UaWiR IS*100/T.  

FRU LFA-1 diVWUibXWiRQ ZiWhiQ Whe IS, Whe iPage J WRRO UeVOice ZaV XVed fRU [,] SOaQeV 

UecRQVWUXcWiRQ Rf Whe IS UegiRQ aQd Whe SOXgiQ RadiaO PURfiOe 

(hWWS://UVbZeb.Qih.gRY/ij/SOXgiQV/UadiaO-SURfiOe.hWPO) ZaV XVed fRU PeaVXUiQg Whe 

iQWeQViW\ Rf fOXRUeVceQce aW cRQceQWUic ciUcXPfeUeQceV begiQQiQg aW Whe ceQWeU WRZaUdV 

Whe SeUiSheU\ Rf Whe IS.   

CeQWURVRPaO ORcaOi]aWiRQ Rf AKAP350 ZaV deWeUPiQed iQ iPageV RbWaiQed b\ cRQfRcaO 

PicURVcRS\ b\ VeWWiQg a WhUeVhROd RQ Ȗ-WXbXOiQ chaQQeO WR defiQe a PaVN, Zhich ZaV 

XVed WR aXWRPaWicaOO\ RXWOiQe Whe ceQWURVRPaO YR[eOV, aQd a WhUeVhROd RQ AKAP350 

chaQQeO WR defiQe a PaVN WR aXWRPaWicaOO\ RXWOiQe WRWaO YR[eOV fRU AKAP350 VWaiQiQg. 

AYeUage aQd WRWaO iQWeQViW\ Rf fOXRUeVceQce iQ Whe AKAP350 chaQQeOV ZaV PeaVXUed iQ 

each UegiRQ Rf iQWeUeVW, aQd Whe UaWiR Rf ceQWURVRPaO aQd WRWaO ceOO OeYeOV caOcXOaWed.  
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AKAP350 RU LFA-1 aVVRciaWiRQ WR Whe GROgi aSSaUaWXV ZeUe deWeUPiQed iQ iPageV 

RbWaiQed b\ cRQfRcaO PicURVcRS\ b\ VeWWiQg a WhUeVhROd RQ Whe GM130 chaQQeO WR defiQe 

a PaVN, Zhich ZaV XVed WR aXWRPaWicaOO\ RXWOiQe Whe GROgi Si[eOV. TRWaO iQWeQViW\ Rf 

fOXRUeVceQce iQ Whe AKAP350 RU LFA-1 chaQQeO ZaV PeaVXUed iQ each UegiRQ Rf 

iQWeUeVW. IQ addiWiRQ, WRWaO AKAP350 RU LFA-1 OeYeOV ZeUe deWeUPiQed iQ Whe UegiRQ 

cRUUeVSRQdiQg WR Whe YTS ceOO, aQd Whe SeUceQWage Rf AKAP350 RU LFA-1 fOXRUeVceQce 

aW Whe GROgi aSSaUaWXV caOcXOaWed. A ViPiOaU SURWRcRO ZaV XVed WR eVWiPaWe LFA-1 

aVVRciaWiRQ ZiWh Whe Uec\cOiQg eQdRVRPeV, XViQg Rab11 VWaiQiQg WR defiQe WhiV 

cRPSaUWPeQW. AKAP350 cRORcaOi]aWiRQ ZiWh GM130 iQ AKAP350GBD ceOOV ZaV 

deWeUPiQed b\ eVWiPaWiQg Whe PeaUVRQ�V cRefficieQW XViQg Whe IPage J cRORcaOi]aWiRQ 

WRROV.  

IPPXQRbORWWiQg 

CeOOV ZeUe haUYeVWed aW 400 g fRU 5 PiQ aW URRP WePSeUaWXUe aQd ZaVhed ZiWh cROd PBS. 

PeOOeWed ceOOV ZeUe O\Ved iQ ice-cROd O\ViV bXffeU (50 PM TUiV-HCO [SH 7.5], 100 PM 

NaCO, 15 PM EDTA aQd 1% TUiWRQ X-100, ZiWh SURWeaVe iQhibiWRUV) aQd VXbjecWed WR 

WZR fUee]e±WhaZ c\cOeV. L\VaWeV ZeUe ceQWUifXged aW 1000 g fRU 5 PiQ aW 4� C, aQd Whe 

cOeaU VXSeUQaWaQWV ZeUe cRQVeUYed. TRWaO SURWeiQ cRQceQWUaWiRQV ZeUe PeaVXUed 

accRUdiQg WR LRZU\ eW al. (1951). SaPSOeV ZeUe heaWed fRU 10 PiQ aW 90 �C iQ VaPSOe 

bXffeU (20 PM TUiV-HCO, SH 8.5, 1% SDS, 400 ȝM DTT, 10% gO\ceURO). SaPSOeV 

cRQWaiQiQg eTXaO aPRXQWV Rf SURWeiQV ZeUe VXbjecWed WR SDS SRO\acU\OaPide geO 

eOecWURShRUeViV (6±10% gUadieQW WR YeUif\ AKAP350 ViOeQciQg RU 10% RWheUZiVe). The 

SURWeiQV iQ Whe 6% geO ZeUe WUaQVfeUUed WR QiWURceOOXORVe PePbUaQeV (APeUVhaP 

PhaUPacia BiRWech), ZheUeaV Whe 10% geO SURWeiQV ZeUe WUaQVfeUUed WR SRO\YiQ\O 

difOXRUide PePbUaQeV (PeUNiQ EOPeU Life ScieQceV). BORWV ZeUe bORcNed ZiWh 5% QRQ-

faW dU\ PiON iQ PBS, 0.3% TZeeQ-20 (PBS-TZeeQ). NiWURceOOXORVe bORWV ZeUe WheQ 
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SURbed ZiWh Whe PRQRcORQaO PRXVe aQWi-AKAP350 aQWibRd\ (1:500), aQd SRO\YiQ\O 

difOXRUide PePbUaQeV ZeUe SURbed ZiWh PRXVe PRQRcORQaO aQWibRdieV aQWi-Į-WXbXOiQ 

(SigPa-T5168, 1:5000) RU aQWi-CIP4 (BD BiRVcieQce 612557). The bORWV ZeUe ZaVhed 

aQd iQcXbaWed ZiWh Whe hRUVeUadiVh SeUR[idaVe-cRQjXgaWed cRUUeVSRQdiQg VecRQdaU\ 

aQWibRdieV, aQd baQdV ZeUe deWecWed b\ eQhaQced chePiOXPiQeVceQce (PieUce, TheUPR 

ScieQWific). AXWRUadiRgUaShV ZeUe RbWaiQed b\ e[SRViQg Whe bORWV WR KRdaN XAR fiOP. 

The baQdV ZeUe TXaQWiWaWed b\ deQViWRPeWU\ XViQg Whe NIH IPage J SURgUaP. 

YTS ceOOV WUeaWPeQWV 

IQ RUdeU WR aVVeVV Whe UROe Rf PicURWXbXOeV RQ Whe IPPXQe S\QaSVe fRUPaWiRQ, YTS ceOOV 

ZeUe haUYeVWed aQd 2.10 6 ceOOV ZeUe WUeaWed fRU 1 hRXU ZiWh QRcRda]ROe (17 ȝM) RQ ice 

RU fRU 1 hRXU ZiWh Ta[RO (10 �M) aW URRP WePSeUaWXUe aQd WheQ aOORZed WR fRUP 

cRQjXgaWeV ZiWh KT86 ceOOV aW a 2:1 UaWiR fRU 15 PiQ aW 37� C.  IQ RUdeU WR eYaOXaWe Whe 

UROe Rf Whe GROgi aSSaUaWXV iQ LFA-1 RUgaQi]aWiRQ dXUiQg IS fRUPaWiRQ, YTS ceOOV ZeUe 

WUeaWed ZiWh BUefeOdiQ A (5 ȝg/PO) fRU 30 PiQ aW 37 � C. AfWeU BUefeOdiQ A WUeaWPeQW, 

YTS ceOOV ZeUe aOORZed WR fRUP cRQjXgaWeV ZiWh KT86 ceOOV aW a 2:1 UaWiR fRU 15 PiQ aW 

37� C. IQ bRWh caVeV, YTS ceOOV ZiWhRXW WUeaWPeQW ZeUe XVed aV cRQWURO fRU each 

e[SeUiPeQW. CRQjXgaWeV ZeUe aQaO\]ed b\ cRQfRcaO PicURVcRS\ aV deVcUibed abRYe. 

Ice UecRYeU\ aVVa\ 

A WRWaO Rf 2[105 YTS ceOOV ZeUe SOaced RQ SRO\-O-O\ViQe-cRaWed cRYeUVOiSV cRaWed ZiWh 

IgG RU ZiWh ICAM-1 aQd aQ aQWi-CD28 acWiYaWiQg aQWibRd\ aQd iQcXbaWed fRU 30 

PiQXWeV aW 37�C. TheQ, cRYeUVOiSV ZeUe iQcXbaWed RQ ice 50 PiQ aQd aOORZed WR UecRYeU 

aW URRP WePSeUaWXUe. FRU aQaO\ViV Rf GROgi aQd ceQWURVRPe QXcOeaWiRQ Rf PicURWXbXOeV, 

ceOOV ZeUe UecRYeUed fRU 3 RU 7 PiQXWeV aQd iPPediaWeO\ WUeaWed 45 V ZiWh e[WUacWiRQ 

bXffeU (60 PM PIPES, 25 PM HEPES, 10 PM EGTA, 2 PM MgCO2, 0.1% TUiWyQ X-

100, SH 6.9, VXSSOePeQW ZiWh 0.25 QM QRcRda]ROe aQd 0.25 QM SacOiWa[eO). CeOOV ZeUe 
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WheQ fi[ed ZiWh PeWhaQRO aQd VWaiQed ZiWh aQWi-GM130 aQd aQWi ܤ-WXbXOiQ aQWibRd\ 

(SigPa-T9026). 
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FIGURE LEGENDS 

FigXUe 1. AKAP350 ORcaOi]aWiRQ iQ YTS ceOOV. IVROaWed YTS ceOOV RU YTS:KT86 

cRQjXgaWeV ZeUe VWaiQed aQd aQaO\]ed b\ cRQfRcaO PicURVcRS\ aV deVcUibed iQ MaWeUiaOV 

aQd MeWhRdV. A,B) MeUge iPageV VhRZ YTS ceOOV (XSSeU URZ) RU YTS:KT86 

cRQjXgaWeV (ORZeU URZ) VWaiQiQg fRU AKAP350 (Ued) aQd Ȗ-WXbXOiQ (A) RU GM130 (B) 

(gUeeQ). AVWeUiVN deQRWeV YTS ceOOV iQ YTS:KT86 cRQjXgaWeV. BaUV UeSUeVeQW Whe PeaQ 

fUacWiRQ Rf AKAP350 fOXRUeVceQce SUeVeQW aW ceQWURVRPeV (A) RU aW Whe GROgi aSSaUaWXV 

(B)  iQ iVROaWed RU cRQjXgaWed YTS ceOOV, e[SUeVVed aV a SeUceQWage Rf WRWaO AKAP350-
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fOXRUeVceQce. ReVXOWV aUe UeSUeVeQWaWiYe Rf WhUee iQdeSeQdeQW e[SeUiPeQWV. AW OeaVW 20 

ceOOV ZeUe aQaO\]ed fRU each e[SeUiPeQW. EUURU baUV UeSUeVeQW SEM. *S < 0.05. ScaOe 

baUV, 5 ȝP. 

FigXUe 2. RedXcWiRQ Rf AKAP350 e[SUeVViRQ OeYeOV diPiQiVheV YTS ceOOV' c\WRWR[iciW\. 

TZR diffeUeQW VSecific VhRNAV (VhRNA1 aQd VhRNA4) ZeUe XVed WR geQeUaWe YTS 

ceOOV ZiWh decUeaVed AKAP350 e[SUeVViRQ (AKAP350KD1 aQd AKAP350KD2, 

UeVSecWiYeO\), aV deVcUibed iQ MaWeUiaOV aQd PeWhRdV. A) WeVWeUQ bORW aQaO\ViV Rf 

AKAP350 e[SUeVViRQ iQ cRQWURO, AKAP350KD1 aQd AKAP350KD2 YTS ceOOV. 

CDC42-iQWeUacWiQg SURWeiQ 4 (CIP4) ZaV XVed aV ORadiQg cRQWURO. B,C) KT86 ceOOV ZeUe 

VWaiQed ZiWh CFSE aQd Pi[ed ZiWh YTS ceOOV aW effecWRU: WaUgeW UaWiRV Rf 2:1 (B) RU 10:1 

(C). AfWeU Whe iQcXbaWiRQ SeUiRd, ceOOV ZeUe VWaiQed ZiWh PI aQd aQaO\]ed b\ fORZ 

c\WRPeWU\.  YTS c\WRWR[ic acWiYiW\ ZaV eVWiPaWed aV Whe fUacWiRQ Rf WRWaO CFSE SRViWiYe 

eYeQWV WhaW ZeUe aOVR SRViWiYe fRU PI. BaUV chaUW UeSUeVeQWV Whe PeaQ SeUceQWage Rf 

dRXbOe SRViWiYe eYeQWV fRU cRQWURO, AKAP350KD1 aQd AKAP350KD2 ceOOV, 

UeSUeVeQWaWiYe Rf WhUee iQdeSeQdeQW e[SeUiPeQWV. EUURU baUV UeSUeVeQW SEM. *S < 0.05. 

FigXUe 3. AKAP350 iV UeTXiUed fRU O\Wic gUaQXOe cRQYeUgeQce aQd ceQWURVRPe aQd GA 

SROaUi]aWiRQ dXUiQg YTS ceOOV acWiYaWiRQ. CRQWURO aQd AKAP350KD YTS ceOOV ZeUe 

iQcXbaWed ZiWh CFSE OabeOed KT86 ceOOV aW a 2:1 UaWiR. CeOO cRQjXgaWeV ZeUe fi[ed, 

VWaiQed aQd aQaO\]ed b\ cRQfRcaO PicURVcRS\. A) MeUge iPageV VhRZ VWaiQiQg fRU 

DAPI (bOXe) aQd SeUfRUiQ (c\aQ) aQd Ȗ-WXbXOiQ (Ued) . The VecRQd aQd WhiUd cROXPQV 

VhRZ Whe ORcaOi]aWiRQ Rf Whe ceQWURVRPe, aV deOiPiWed ZiWh aQ aXWRPaWic VeOecWiRQ WRRO, 

aQd Whe ORcaOi]aWiRQ Rf Whe O\Wic gUaQXOeV ceQWURidV (VecRQd cROXPQ) RU Whe O\Wic gUaQXOeV 

aUea (WhiUd cROXPQ), YiVXaOi]ed XViQg a VSecific IPage J WRRO, cRUUeVSRQdiQg ZiWh Whe 

bR[ed ceOO fURP Whe fiUVW cROXPQ. The baUV UeSUeVeQWV Whe PeaQ aUea ZeighWed diVWaQce 

(AWD) fURP Whe O\Wic gUaQXOeV WR Whe IS RU WR Whe ceQWURVRPe, caOcXOaWed aV deVcUibed iQ 
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MaWeUiaOV aQd PeWhRdV.  B) MeUge iPageV VhRZ VWaiQiQg fRU DAPI (bOXe), AKAP350 

(Ued) aQd Ȗ-WXbXOiQ (c\aQ) . WhiWe aUURZV iQdicaWe Whe SRViWiRQ Rf Ȗ-WXbXOiQ-OabeOed 

ceQWURVRPeV iQ YTS ceOOV. BaUV UeSUeVeQW Whe PeaQ diVWaQce fURP Whe ceQWURVRPe WR Whe 

IS. ReVXOWV aUe UeSUeVeQWaWiYe Rf fRXU (A) RU fiYe (B)  iQdeSeQdeQW e[SeUiPeQWV. AW OeaVW 

30 cRQjXgaWeV ZeUe aQaO\]ed fRU each e[SeUiPeQW. EUURU baUV UeSUeVeQW SEM. ScaOe baUV, 

5 ȝP. *S<0.05. 

FigXUe 4. RedXcWiRQ Rf AKAP350 e[SUeVViRQ OeYeOV UeVXOWV iQ defecWiYe LFA-1 

RUgaQi]aWiRQ aW Whe IS. A) CRQWURO aQd AKAP350KD YTS ceOOV ZeUe iQcXbaWed ZiWh 

CFSE OabeOed KT86 ceOOV aW a 2:1 UaWiR. MeUge iPageV VhRZ YTS:KT86 cRQjXgaWeV 

VWaiQiQg fRU LFA-1 (Ued, RQO\ SRViWiYe fRU YTS ceOOV) aQd DAPI (bOXe). LFA-1 chaQQeO 

iV aOVR VhRZQ iQ SVeXdRcRORU.  BaUV UeSUeVeQW Whe PeaQ aUea SRViWiYe fRU LFA-1 aW Whe IS 

aQd Whe aYeUage iQWeQViW\ Rf LFA-1 fOXRUeVceQce aW Whe IS  UeOaWiYe WR Whe aYeUage 

iQWeQViW\ Rf LFA-1 fOXRUeVceQce aW Whe ceOO fRU fRXU iQdeSeQdeQW e[SeUiPeQWV. AW OeaVW 30 

cRQjXgaWeV ZeUe aQaO\]ed fRU each e[SeUiPeQW. EUURU baUV UeSUeVeQW SEM. B) CRQWURO 

aQd AKAP350KD YTS ceOOV ZeUe acWiYaWed XViQg cRYeUVOiSV cRaWed ZiWh ICAM-1. 

MeUge iPageV VhRZ LFA-1 (gUeeQ) aQd DAPI (bOXe) VWaiQiQg. LFA-1 chaQQeO iV aOVR 

VhRZQ iQ SVeXdRcRORU. WhiWe daVhed OiQeV iQdicaWe Whe ceOO VXUface iQ cRQWacW ZiWh Whe 

cRYeUVOiS. BaUV UeSUeVeQW Whe PeaQ fUacWiRQ Rf LFA-1 fOXRUeVceQce ORcaWed aW Whe ceOO 

VXUface iQ cRQWacW ZiWh Whe ICAM-1 cRaWed cRYeUVOiS, e[SUeVVed aV Whe SeUceQWage Rf 

WRWaO ceOO fOXRUeVceQce UeSUeVeQWaWiYe Rf WhUee iQdeSeQdeQW  e[SeUiPeQWV. AW OeaVW 30 

cRQjXgaWeV ZeUe aQaO\]ed fRU each e[SeUiPeQW. EUURU baUV UeSUeVeQW SEM. C) IPageV 

VhRZ Whe X-Z SURjecWiRQ Rf Whe IS UegiRQ cRUUeVSRQdiQg WR cRQWURO aQd AKAP350KD 

YTS ceOOV. LFA-1 VWaiQiQg iV VhRZQ iQ gUeeQ aQd iQ SVeXdRcRORU. DaVhed OiQeV deQRWe 

Whe UadiXV Rf Whe IS ZheUe LFA-1 iQWeQViW\ Rf fOXRUeVceQce ZaV TXaQWified. ChaUWV 

UeSUeVeQW Whe iQWeQViW\ SURfiOe Rf fOXRUeVceQce, UeSUeVeQWaWiYe Rf aW OeaVW WeQ IS aQaO\]ed 
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iQ WhUee iQdeSeQdeQW e[SeUiPeQWV. D) CRQWURO aQd AKAP350KD YTS ceOOV ZeUe 

acWiYaWed XViQg cRYeUVOiSV cRaWed ZiWh ICAM-1. MeUge iPageV VhRZ g-WXbXOiQ (gUeeQ), 

SeUfRUiQ (Ued) aQd DAPI (bOXe) VWaiQiQg. The VecRQd cROXPQ VhRZV Whe biQaUi]ed iPage 

Rf Whe SeUfRUiQ chaQQeO, ZiWh Whe ROI cRUUeVSRQdiQg WR Whe ceQWURVRPe iQdicaWed iQ 

gUeeQ. BaUV UeSUeVeQW Whe PeaQ aYeUage ZeighWed diVWaQce (AWD) beWZeeQ Whe O\Wic 

gUaQXOeV aQd Whe ceQWURVRPe (fiUVW chaUW) RU beWZeeQ Whe ceQWURVRPe aQd Whe ICAM-1 

cRaWed VXUface (VecRQd chaUW), UeSUeVeQWaWiYe Rf WhUee iQdeSeQdeQW e[SeUiPeQWV. ScaOe 

baUV, 5 ȝP (A,B,D) RU 2.5 ȝP (C). *S<0.05.   

FigXUe 5. LFA-1 iV e[SUeVVed iQWUaceOOXOaUO\ aQd iWV UediVWUibXWiRQ WR Whe IS iV deSeQdeQW 

RQ Whe iQWegUiW\ Rf Whe GROgi aSSaUaWXV. A-C) CRQWURO (A-C) aQd AKAP350KD (A) YTS 

ceOOV ZeUe iQcXbaWed ZiWh KT86 ceOOV aW a 2:1 UaWiR. CeOO cRQjXgaWeV ZeUe fi[ed, VWaiQed 

aQd aQaO\]ed b\ cRQfRcaO PicURVcRS\. A) IPageV VhRZ LFA-1 VWaiQiQg (gUe\ VcaOe) aQd 

Whe ROIV deOiPiWiQg YTS ceOOV aQd Whe iQdiYidXaO LFA-1 YeVicOeV iQ \eOORZ.  BaUV 

UeSUeVeQW Whe PeaQ diffeUeQce beWZeeQ Whe aYeUage ZeighWed diVWaQce (AWD) fURP Whe 

iQWUaceOOXOaU LFA-1 YeVicOeV WR Whe IS aQd Whe diVWaQce fURP Whe ceOO ceQWURid WR Whe IS, 

UeOaWiYi]ed WR Whe OaWWeU, UeSUeVeQWaWiYe Rf WhUee iQdeSeQdeQW e[SeUiPeQWV. AW OeaVW 10 

cRQjXgaWeV ZeUe aQaO\]ed fRU each e[SeUiPeQW. EUURU baUV UeSUeVeQW SEM. B,C)  MeUge 

iPageV VhRZ VWaiQiQg fRU LFA-1 (gUeeQ) aQd Rab11 (Ued, B) RU GM130 (Ued, C) aQd Whe 

[,] RUWhRgRQaO YieZ Rf Whe bR[ed aUeaV aW Whe RUdiQaWe iQdicaWed ZiWh daVhed OiQeV. D-E) 

YTS ceOOV ZeUe WUeaWed ZiWh bUefeOdiQ A (BFA) aV deVcUibed iQ MaWeUiaO aQd PeWhRdV.  

CRQWURO RU BFA WUeaWed YTS ceOOV ZeUe iQcXbaWed ZiWh KT86 ceOOV. D) MeUge iPageV 

VhRZ VWaiQiQg fRU LFA-1 (gUeeQ) aQd GM130 (gUa\). LFA-1 chaQQeO iV aOVR VhRZQ iQ 

SVeXdRcRORU. BaUV UeSUeVeQW Whe PeaQ fUacWiRQ Rf LFA-1 fOXRUeVceQce ORcaWed aW Whe IS, 

e[SUeVVed aV SeUceQWage Rf WRWaO ceOO fOXRUeVceQce fRU Whe LFA-1 chaQQeO, UeSUeVeQWaWiYe 

Rf WhUee iQdeSeQdeQW e[SeUiPeQWV. AW OeaVW 8 cRQjXgaWeV ZeUe aQaO\]ed fRU each 

(which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprintthis version posted June 4, 2021. ; https://doi.org/10.1101/2020.10.27.357970doi: bioRxiv preprint 

https://doi.org/10.1101/2020.10.27.357970


41 

 

e[SeUiPeQW. EUURU baUV UeSUeVeQW SEM. E) IPageV VhRZ Whe [,] SURjecWiRQ Rf Whe IS 

UegiRQ cRUUeVSRQdiQg WR cRQWURO aQd BFA WUeaWed YTS ceOOV. DaVhed OiQeV deQRWe Whe 

UadiXV Rf Whe IS ZheUe LFA-1 iQWeQViW\ Rf fOXRUeVceQce ZaV TXaQWified. ChaUWV UeSUeVeQW 

Whe iQWeQViW\ SURfiOe Rf fOXRUeVceQce, UeSUeVeQWaWiYe Rf aW OeaVW WeQ IS. AVWeUiVNV iQdicaWe 

YTS ceOOV (D-E). ScaOe baUV, 5 ȝP. *S<0.05. 

FigXUe 6. AKAP350 iV eVVeQWiaO fRU PicURWXbXOeV QXcOeaWiRQ aW Whe GROgi aSSaUaWXV iQ 

acWiYaWed YTS ceOOV. A) CRQWURO aQd AKAP350KD YTS ceOOV ZeUe acWiYaWed fRU 30 

PiQXWeV XViQg cRYeUVOiSV cRaWed ZiWh ICAM-1 aQd aQWi-CD28 aQWibRd\. MeUge iPageV 

VhRZ VWaiQiQg fRU GM130 (Ued) aQd Į-WXbXOiQ (gUeeQ). BaU chaUWV UeSUeVeQW Whe PeaQ 

fUacWiRQ Rf Į-WXbXOiQ fOXRUeVceQce WhaW cRORcaOi]ed ZiWh GM130, e[SUeVVed aV 

SeUceQWage Rf WRWaO ceOO fOXRUeVceQce. B) CRQWURO YTS ceOOV ZeUe Veeded RQ cRYeUVOiSV 

cRaWed ICAM-1 aQd Whe acWiYaWiQg aQWi-CD28 aQWibRd\ (acWiYaWiQg cRQdiWiRQV) RU ZiWh 

IgG (UeVWiQg cRQdiWiRQV) fRU 30 PiQXWeV aQd WheQ VXbjecWed WR ice UecRYeU\ aVVa\. C) 

CRQWURO RU AKAP350KD YTS ceOOV ZeUe acWiYaWed RQ cRYeUVOiSV cRaWed ZiWh ICAM-1 

aQd Whe acWiYaWiQg aQWi-CD28 aQWibRd\ fRU 30 PiQXWeV aQd WheQ VXbjecWed WR ice UecRYeU\ 

aVVa\V. B, C) MeUge iPageV VhRZ VWaiQiQg fRU GM130 (Ued) aQd Į-WXbXOiQ (gUeeQ), aQd 

Whe RUWhRgRQaO YieZV Rf Whe [,] UeVOice aW Whe RUdiQaWe OeYeO iQdicaWed ZiWh daVhed OiQeV, 

fRU ceOOV fi[ed aW 3 PiQ (B) RU 7 PiQ (C) Rf UecRYeU\. The iQVeWV VhRZ a higheU 

aPSOificaWiRQ Rf Whe bR[ed aUeaV, fRU beWWeU YiVXaOi]aWiRQ Rf PicURWXbXOe aVVRciaWiRQ WR 

Whe GROgi aSSaUaWXV. BaU chaUWV UeSUeVeQW Whe PeaQ fUacWiRQ Rf Į-WXbXOiQ fOXRUeVceQce 

aVVRciaWed WR each RUgaQeOOe, e[SUeVVed aV SeUceQWage Rf WRWaO ceOO fOXRUeVceQce fRU Whe Į-

WXbXOiQ chaQQeO (B,C) aQd Whe PeaQ QXPbeU Rf PicURWXbXOeV deUiYed fURP Whe 

ceQWURVRPe RU fURP Whe GROgi aSSaUaWXV (C), UeSUeVeQWaWiYe Rf WhUee iQdeSeQdeQW 

e[SeUiPeQWV. AW OeaVW 10 ceOOV ZeUe aQaO\]ed fRU each e[SeUiPeQW. EUURU baUV UeSUeVeQW 

SEM. ScaOe baUV, 5 ȝP. *S<0.05. 
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FigXUe 7.  AKAP350 ORcaOi]aWiRQ aW Whe GROgi aSSaUaWXV iV UeTXiUed fRU IS PaWXUaWiRQ. 

CRQWURO aQd AKAP350GBD YTS ceOOV ZeUe iQcXbaWed ZiWh KT86 ceOOV. A) MeUge 

iPageV VhRZ VWaiQiQg fRU LFA-1 (gUeeQ, RQO\ SRViWiYe fRU YTS ceOOV) aQd GM130 (Ued). 

BaUV UeSUeVeQW Whe PeaQ fUacWiRQ Rf LFA-1 WhaW cRORcaOi]ed ZiWh GM130 fRU 10 diffeUeQW 

ceOOV. B)  IPageV VhRZ LFA-1 VWaiQiQg (gUe\ VcaOe) aQd Whe ROIV deOiPiWiQg Whe ceOOV 

aQd Whe iQdiYidXaO LFA-1 YeVicOeV iQ \eOORZ.  BaUV UeSUeVeQW Whe PeaQ diffeUeQce 

beWZeeQ Whe aYeUage ZeighWed diVWaQce (AWD) fURP Whe iQWUaceOOXOaU LFA-1 YeVicOeV WR 

Whe IS aQd Whe diVWaQce fURP Whe ceOO ceQWURid WR Whe IS, UeOaWiYi]ed WR Whe OaWWeU, 

UeSUeVeQWaWiYe Rf WhUee iQdeSeQdeQW e[SeUiPeQWV. AW OeaVW 10 cRQjXgaWeV ZeUe aQaO\]ed 

fRU each e[SeUiPeQW. EUURU baUV UeSUeVeQW SEM. C) MeUge iPageV VhRZ Whe DIC chaQQeO 

aQd LFA-1 VWaiQiQg (gUeeQ) fRU YTS:KT86 cRQjXgaWeV. IQdiYidXaO LFA-1 chaQQeOV aUe 

aOVR VhRZQ iQ SVeXdRcRORU. BaUV UeSUeVeQW Whe PeaQ fUacWiRQ Rf LFA-1 fOXRUeVceQce 

ORcaWed aW Whe IS, e[SUeVVed aV SeUceQWage Rf WRWaO ceOO fOXRUeVceQce.  MRUe WhaQ 30 

cRQjXgaWeV fURP 3 diffeUeQW e[SeUiPeQWV ZeUe aQaO\]ed. EUURU baUV UeSUeVeQW Whe SEM. 

D) IPageV VhRZ Whe XZ SURjecWiRQ Rf Whe IS UegiRQ cRUUeVSRQdiQg WR cRQWURO aQd 

AKAP350GBD YTS ceOOV. DaVhed OiQeV deQRWe Whe UadiXV Rf Whe IS ZheUe LFA-1 

iQWeQViW\ Rf fOXRUeVceQce ZaV TXaQWified. ChaUWV UeSUeVeQW Whe iQWeQViW\ SURfiOe Rf 

fOXRUeVceQce, UeSUeVeQWaWiYe Rf aW OeaVW WeQ IS. ScaOe baUV, 5 ȝP. *S<0.05. 

FigXUe 8. MicURWXbXOe d\QaPicV iV UeTXiUed fRU LFA-1 RUgaQi]aWiRQ aW Whe IS. CRQWURO 

YTS ceOOV RU YTS ceOOV WUeaWed ZiWh QRcRda]ROe RU Wa[RO (Vee MaWeUiaOV aQd PeWhRdV) 

ZeUe Pi[ed ZiWh KT86 ceOOV aW a 2:1 UaWiR. A) MeUge iPageV VhRZ ceOO cRQjXgaWeV 

VWaiQiQg fRU acWiQ (Ued) aQd LFA-1 (gUeeQ). LFA-1 chaQQeO iV aOVR VhRZQ iQ SVeXdRcRORU. 

BaUV UeSUeVeQW Whe PeaQ fUacWiRQ Rf LFA-1 fOXRUeVceQce ORcaWed aW Whe IS, e[SUeVVed aV 

SeUceQWage Rf WRWaO ceOO fOXRUeVceQce.  MRUe WhaQ 30 cRQjXgaWeV fURP 3 diffeUeQW 

e[SeUiPeQWV ZeUe aQaO\]ed. EUURU baUV UeSUeVeQW Whe SEM. B) MeUge iPageV VhRZ [,] 
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SURjecWiRQV Rf Whe IS UegiRQ cRUUeVSRQdiQg WR cRQWURO aQd QRcRda]ROe RU Wa[RO WUeaWed 

YTS ceOOV WhaW ZeUe VWaiQed fRU acWiQ (Ued) aQd LFA-1 (gUeeQ).  DaVhed OiQeV deQRWe Whe 

UadiXV Rf Whe IS ZheUe LFA-1 iQWeQViW\ Rf fOXRUeVceQce ZaV TXaQWified. ChaUWV UeSUeVeQW 

Whe iQWeQViW\ SURfiOe Rf fOXRUeVceQce TXaQWified fRU Whe LFA-1 chaQQeO, UeSUeVeQWaWiYe Rf 

aW OeaVW WeQ IS aQaO\]ed iQ WhUee iQdeSeQdeQW e[SeUiPeQWV. ScaOe baUV, 5 ȝP. EUURU baUV 

UeSUeVeQW SEM.  *S<0.05.  
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