
low numbers of LAG-3 single positive cells and high numbers of CD3 single positive cells (T cells) were
detected (Figure 5). Furthermore, the number of LAG-3/CD3 dual positive cells (LAG-3 positive T cells)
were low in most samples, but three non-adenocarcinoma samples showed markedly elevated
numbers, especially in the stroma (Figure 5). Similar ratios of the differently labeled cells were detected
with chromogenic dual IHC and fluorescent mIHC, and positive correlations were observed (e.g. LAG-3
positive T cells: ρ = 0.89; P ≤ 0.001; Spearman rank correlation). In addition, by adding CD8 to the
panel, fluorescent mIHC also allowed for a quantification of CD3/CD8 dual (cytotoxic T cells) and
LAG-3/CD3/CD8 triple positive cells (LAG-3 positive cytotoxic T cells) (Figure 5D). The amount of CD3
positive T cells determined by fluorescent mIHC were not associated with histological NSCLC subtypes,
but a significantly higher proportion of stromal T cells was LAG-3 positive (LAG-3/CD3 dual positive) in
non-adenocarcinoma compared to adenocarcinoma samples (Figure 6), further corroborating the dual
IHC data. The same association was observed for stromal LAG-3/CD3/CD8 triple positive cells, and for
CD3/CD8 dual positive cells a similar trend was discernable (Figure 6).

Utilization of fluorescent multiplex IHC and digital image analysis for 
studying LAG-3, CD3 and CD8 positive TIL subsets in NSCLC tissue

Targeting checkpoint molecules expressed on immune cells has shown promising results in the
treatment of non-small cell lung cancer (NSCLC) (Lin and Shaw, 2017). One interesting molecule that is
frequently expressed on exhausted tumor-infiltrating lymphocytes (TIL) is lymphocyte activation gene-3
(LAG-3) (Anderson et al., 2017). We recently implemented chromogenic anti-LAG-3/CD3 dual
immunohistochemistry (IHC) and digital image analysis to quantify LAG-3 positive T cells in NSCLC
tissue. Here, we extended this work by establishing an anti-LAG-3/CD3/CD8/pan-Cytokeratin (pan-CK)
fluorescent multiplex IHC (mIHC) assay followed by digital image analysis to examine the composition
of T cells infiltrating NSCLC tissue in more detail.

Tyramide signal amplification (TSA) based sequential fluorescent 5-color mIHC (LAG-3/CD3/CD8/
pan-CK + DAPI) of formalin-fixed paraffin-embedded (FFPE) NSCLC tissue was implemented by
Indivumed on the Leica BOND RX staining platform using the following antibody-fluorophore
combinations: Anti-CD3 clone F7.2.38 (Dako/Agilent) and V450 (BD Biosciences) (position 1), anti-CD8
clone SP16 (DCS) and Opal 520 (PerkinElmer) (position 2), anti-LAG-3 clone 17B4 (Abcam) and Opal
690 (PerkinElmer) (position 3), as well as polyclonal anti-pan-Cytokeratin (pan-CK) (#Z062201-2, Dako)
and Opal 570 (PerkinElmer) (position 4). Image analysis was performed by OracleBio using Visiopharm
Oncotopix software. Tumor and stroma regions of interest (ROI) were classified according to the pan-
CK and DAPI signals (Figure 1). LAG-3, CD3 and CD8 single positive cells, as well as dual and triple
positive cells, were then quantified in the tumor and stroma ROIs (Figure 2).

Ten NSCLC tissue samples were stained with anti-LAG-3/CD3/CD8/pan-CK fluorescent mIHC, and
LAG-3, CD3 and CD8 single positive, as well as dual and triple positive cells in the tumor and stroma
ROIs were quantified by digital image analysis (Figure 3, Figure 4). The results were compared with
data from earlier work where we implemented chromogenic anti-LAG-3/CD3 dual IHC and digital image
analysis to quantify LAG-3 positive T cells in the same ten NSCLC samples. As observed with dual IHC,

Fluorescent anti-LAG-3/CD3/CD8/pan-CK mIHC allowed for a specific quantification of LAG-3, CD3
and CD8 single, dual and triple labeled cells in the tumor and stroma ROIs of the analyzed NSCLC
samples. The obtained results were in concordance with previously performed chromogenic anti-
LAG-3/CD3 dual IHC and published literature (He et al., 2017) and further extend these findings by
evaluating LAG-3 expression in the CD8 cytotoxic immune cell sub-population. However, further
experiments are needed to investigate the differences and similarities of chromogenic and fluorescent
mIHC and the corresponding digital image analysis algorithms in more detail. Determining ratios of dual
and triple positive TIL subsets by fluorescent mIHC and digital image analysis allows for a clearer
understanding of the lymphocyte composition within NSCLC tissue compared to quantification of single
positive cells. Such information will contribute to a deeper understanding of the role of LAG-3 positive
immune cell sub-populations in the progression and treatment of NSCLC.
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Figure 2: Digital image analysis of anti-LAG-3/CD3/CD8/pan-CK fluorescent mIHC. A: Anti-CD3
staining (purple). B: Anti-CD8 staining (green). C: Anti-LAG-3 staining (pink). D: Cellular image analysis
overlay showing individual stained cells (outlines), CD3 single (purple overlay), CD3/CD8 dual (orange
overlay), LAG-3/CD3 dual (pink overlay), and LAG-3/CD3/CD8 triple positive cells (yellow overlay).

Figure 1: ROI classification of anti-LAG-3/CD3/CD8/pan-CK fluorescent mIHC. A: Original tissue
section showing anti-CD3 (purple), CD8 (green), LAG-3 (pink), pan-CK (red), and DAPI staining (blue).
B: Pan-CK/DAPI classifier overlay showing tumor (orange) and stroma (blue) ROI.

Figure 3: Digital image analysis of anti-LAG-3/CD3/CD8/pan-CK fluorescent mIHC of lung
adenocarcinoma tissue sample P2552-Tp13. A: Anti-CD3 staining (purple). B: Anti-CD8 staining
(green). C: Anti-LAG-3 staining (pink). D: Anti-LAG-3/CD3/CD8/pan-CK staining (pink/purple/green/red).
E: Cellular image analysis overlay showing individual cells (outlines), CD3 single (purple overlay),
CD3/CD8 dual (orange overlay), and LAG-3/CD3/CD8 triple positive cells (yellow overlay).

Figure 4: Digital image analysis of anti-LAG-3/CD3/CD8/pan-CK fluorescent mIHC of lung
squamous cell carcinoma tissue sample P2609-Tp11. A: Anti-CD3 staining (purple). B: Anti-CD8
staining (green). C: Anti-LAG-3 staining (pink). D: Anti-LAG-3/CD3/CD8/pan-CK staining (pink/purple/
green/red). E: Cellular image analysis overlay showing individual cells (outlines), CD3 single (purple
overlay), LAG-3 single (red overlay), CD3/CD8 dual (orange overlay), LAG-3/CD3 dual (pink overlay), and
LAG-3/CD3/CD8 triple positive cells (yellow overlay).

Figure 5: LAG-3, CD3 and CD8 positive cell populations in ten NSCLC tissue samples.
A, B (chromogenic dual anti-LAG-3/CD3 IHC): Non-adenocarcinoma samples P1413-Tp14, P2609-Tp11
and P2613-Tp12 showed elevated numbers of LAG-3/CD3 dual positive cells in the tumor and stroma
ROIs. C, D (fluorescent anti-LAG-3/CD3/CD8/pan-CK IHC): As observed with chromogenic dual IHC,
non-adenocarcinoma samples P1413-Tp14, P2609-Tp11 and P2613-Tp12 showed elevated numbers of
LAG-3/CD3 dual positive cells in the tumor and stroma ROIs. Furthermore, elevated numbers of LAG-3/
CD3/CD8 triple positive cells were detected in the three non-adenocarcinoma samples.

Conclusion

Figure 6: Proportions of dual and triple positive cell subsets in the stroma of ten NSCLC tissue
samples. A: A significantly higher proportion of T cells was LAG-3 positive in non-adenocarcinoma than in
adenocarcinoma samples (P = 0.010; Mann-Whitney U test). B: A significantly higher proportion of T cells
was LAG-3 and CD8 positive in non-adenocarcinoma than in adenocarcinoma samples (P = 0.019; Mann-
Whitney U test). C: A higher proportion of T cells was CD8 positive in non-adenocarcinoma than in
adenocarcinoma samples (P = 0.067; Mann-Whitney U test).
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